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EXECUTIVE SUMMARY 

Appropriately designed program evaluations should be able to isolate the effects of the 
program from the host of other factors that influence the progress of participants. The 
simultaneous tracking of program participants and a matched comparison group is a common 
means of achieving this goal. To our knowledge, however, no previously published evaluation of 
a government-sponsored technology commercialization program has employed a comparison group 
design. 

In this report, a comparison group approach has been used to evaluate the impact of 
participatioln in the U. S. Department of Energy's (DOE) Energy-Related Inventions Program. The 
comparison group is composed of inventors who applied to the program and were judged to be 
technically feasible and commercially valuable but were rejected because they appeared to offer 
insufficient energy benefits. These inventors (called "program referrals") were encouraged to take 
their inventions to other government programs for assistance in further development. Thus, we 
were able to identify a comparison group that had many similarities to ERIP participants, but 
lacked the direct support of DOE. 

The population of 179 program referrals was mailed a questionnaire, and a telephone 
follow-up was used to increase the response rate to 44% &e., 79 respondents). Information on 
143 ERIP participants (sampled from the population of 486) was collected by a similar 
combination of mail and telephone surveying, as part of a previous ERIP evaluation. Swtistics on 
a variety of technology performance measures were then compiled and compared for the two 
samples. 

One unanticipated difference between the samples of program referrals and ERIP 
participants added to the complexity of the comparison group analysis. Of the 28 program referrals 
who repofled sales of their technologies, none had applied to the program for assistance in research 
and devebpment. All had significantly developed concepts and were applying for marketing and 
management assistance. Of this number, 24 (or 86%) experienced some kind of sales before or 
during the year they applied to the ERIP program. Only four of the applicants experienced their 
first sales AFTER they had applied and been turned down for support by the ERIP program. 

In contrast, only 29 (or 27%) of the 109 ERIP inventors with sales achieved their fiist sales 
prior to or during the year they applied to ERIP for support. As a result of this difference, when 
comparing sales figures, we emphasize the subsets of program referrals and ERIP participants with 
first sales after their ERIP application. 

There are large differences between the program referrals and the ERIP participants in 
terms of several indicators of commercial success. Average dollar sales by ERIP participants are 
an order of magnitude greater than the program referral group. Further, our analysis suggests that 
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only a handful of program referrals who reported sales were not in production and marketing 
phases when rejected for participation in the ERIP program. That is, very few program referrals 
who did not have sales bcfore they applied to the gram were able to achieve commercial success 

s. Further, of the four iinventions tha experience initial cornrnercial success after 
rejection from the program, only one was able to remain viable for more than a few yews. 

A variety of additional indicators of success are examined, with the foollowing conclusions. 

The development of ERIP inventions alp a to br: actively pursued for a longer 
period of time than are the inventions of program referrals. 

* A higher percentage of ERIP inventions are protected by patents (90%), 
compared with program referrals (72%). 

Program referrals and ERIP participants arc associated with comparable levels 
of employment per invenlion, but this is primarily k a u s e  of the success of two 
applicant.. . Only 6% of  the program referrals were associated with employment 
in recent years, colingared with 58% of tlie ERIP participants. 

There are also major differences between the funding of program referrals atid ERIP 
participants. In total, program referrals raised half as niuch funding, per invention, as ERIP 
participants. In addition, the program referrals relied mainly on personal funding in the 
development of their inventions. This is in contrast to the ERPP participants who received miuch of 
their funding from non-personal sources such as corporate profits, banks, stock offerings, and 
government program in addition to the ERIP. Further, the ERIP p cipants were able to raise 
substantially more money than their countexputs. This u n ~ ~ ~ ~ ~ ~ ~ y  has a significant impact on the 
success of this former group, and probably reflects, to some extent, the assistance provided by 
ERIP. Even in the interviews with successful program referrals (Section 4), we see that the 
biggest problem reported by these four cases is a lack of sufficient funding for product 
improvements, busisless planning, and marketing. 

Thus, it is likely that one of the benefits that EKIP supplies to its participants is not only 
funding in and of itself, but the knowledge and coiinections to secure more funds. Many E 
participants are able to acquire large-scale funding to help them better prepare and market their 
technologies. It appears that ERlP support consistently opens doors to funding and ultimately to 
success in the market that is missed by most other inventors, eve11 ones that are referred to 
traditional sources of support such as the comparison group of program referrals. 

Table A. l  summarizes the results of the comparison goup analysis. It demonstrates the 
superior performance of the ERIP-supported technologies, relative to that of the program referrals, 
along a wide range of ditiiensions. 

... v1u 



Table A,1 Relative Performance of ERIP Participants and Program Referrals 

In conclusion, the comparison group analysis provides strong evidence that, the ERIP 
technologies achieved their considerable commercial success, at least in part because of the support 
provided by the Energy-Related Inventions Program. 





1. INTRODUCTION 

1.1 BACKGROUND 

Over the past decade, Oak Ridge National Laboratory (ORNL) has conducted four 
evaluations of the economic impacts of the U. S. Department of Energy's Energy-Related 
Inventions Program (ERIP). In particular, ORNL has performed impact evaluations of the 
progress of ERIP inventors in 1984, 1986, 1988, and 1990. Each of these evaluations has 
involved surveying approximately 150 to 200 ERIP-supported inventors with the ultimate 
objectives of assessing the effectiveness of ERIP assistance and documenting the progress of ERIP 
technologies. 

None of these evaluations has involved the use of a comparison group. Instead, statistics 
on the innovation process have been compiled from a review of the literature. These statistics have 
been used as benchmarks for assessing the progress of ERlP technologies. Based on rates of 
market entry, time to market, and other indicators of commercial progress, ERIP technologies have 
generally outperformed samples of inventions studied by others (see Brown and Wilson for an 
overview of these comparisons). 

Unfortunately, the types of technologies and inventors documented by previous studies do 
not match those supported by the Energy-Related Inventions Program. ERIP-supported 
technologies are diverse in both application and technical complexity. They span the spectrum 
€rom industrial process applications to energy-efficien t improvements for automobiles and 
buildings; and they include complex oil platform and drilling equipment as well as simple, do-it- 
yourself solar technologies for homeowners. ERIP-supported inventors, on the other hand, are a 
particular subset of inventors: the Program targets inventors who are either independently 
employed or are employees of a small business. The literature does not provide statistics on the 
commercial progress of a comparable population of technologies and inventors. 

The purpose of this task is to identify and characterize a matched comparison group of 
inventors whose progress can be compared with the progress of ERIP inventors. With this 
comparison group, we will be able to assess more accurately the impact of the ERIP support and 
thereby strengthen the program's impact evaluations. 

1.2 ORGANIZATION OF THE REPORT 

This report is divided in't~ six sections. As background to understanding the comparison 
group design and the results provided in this report, section 1.3 provides an overview of the 
Energy-Related Inventions Program. Section 2 describes the research design used to define and 
characterize a suitable comparison group. Section 3 presents comparative statistics describing both 



the con~parison group and the EWIP technologies. Section 4 is more qilalitatiw in nature; it 
describes four technologies in the compaRisofi group Onat were conunercially s11ccessfuu1, focusing 
on how they succeeded in the absence of DOE/ERIP support. The report ends with a SUI 

its findings (section 5) and a list oE references (section 6). 

1.3 OM OF THE PRO 

Established in 1974 under the Fcderd Nsranuc!ear Energy Wesearch. and Development Act 
(P.L. 93-5777, the ~ ~ ~ ~ ~ ~ - ~ e ~ a ~ ~ ~  Inventions Program is directed to assist the development of 
nonnuclear ~ ~ e r ~ ~ ~ r ~ ~ ~ ~ ~ ~  inventions wit outstanding potential for saving or producing energy, 

icularly those submitted by individual inventors and sinall companies.” The goal is to help 
inventors with promising technologies develop their inventions to a stage that would attract the 
investment necessary for private sector comrnercialization. Many of these technologies face 
signiticmt niarket and industry harriers that reduce their ability to attract early funding and inknsify 
the difficulties of product development. In addition, individual and small business inventors often 
lack the business experk ct= needd to SI1 unt these hurdles. 

Anyone can submit an invention at any stage of development to the progra 
confidential evaluation. The legislatien provides for the National Institute of Standards and 

nology (NIST), previously called the National Bmeau of Standards (NBS), to evaluate the 
invention’s technical feasibility and commercid potential. The most promising inventions are 

DOE grants are provided to most of these recommendees. These funds are used for 
arch, prototype development, testing, and a variety of other activities that help move 

the technologies at least one step closer to the market. In addition, ERIP conducts 
Ccrsnlmericialization Planning Workshops for inventors in the program. To find inventors and 
encourage innovation, E R P  holds several National Innovation Workshops each year in different 
regions of the countryy, jointly sponsored by Isca! businesses, inventor organizations, and 
universities. 

Since 1975 jwhcn the program began), more than 25,000 inventions have been submitted 
to NIST for evaluation, and ITICX~ than 500 of these have k e n  recornmen ed to DOE for support. 
Approximately 80% of these reconunendexs have received DOE grants averaging $70,00 

r ~ c ~ ~ ~ , ~ ~ ~ ~  to DOE for ~~~~~~~~~~~~~ of support., 
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2. RESEARCH DESIGN 

2.1 DEFINITION OF THE COMPARISON GROUP 

To be effective for assessing the impacts of the Energy-Related Inventions Program, a 
comparison group should include technologies and inventors that are similar to ERIP participants. 
The comparison group also should be feasible and not too costly to characterize. Five potential 
comparison groups were considered: 

technologies developed by members of inventor societies; 

* 

* 

technologies developed by participants in innovation or incubator centers; 

inventions of independent inventors with unassigned patents in selected energy 
areas; 

* near-participants - these are ERIP applicants that successfully passed through all 
but the final phase of the NIST evaluation; and 

program referrals - these are ERIP applicants that were found by NIST to be 
technically sound and commercially competitive, but appeared to offer 
insufficient energy benefits and therefore were referred to other programs for 
possible support. 

Each of these potential comparison groups offers particular strengths and weaknesses. 
These strengths and weaknesses are discussed below, in order to justify our selection of the 
"program refemals" option. Evaluations of innovation programs involving different types of 
inventors, technologies, or program goals might find that a different comparison group is more 
appropriate. 

Inventor Societies. Over the past several decades, hundreds of inventor societies have been 
created ta serve the needs of U. S. inventors. These societies tend to be broad in scope, with no 
particular technology or product thrust, and no limitations in terms of the inventor's current 
employment. The technologies of interest to members, however, do tend to be more "low tech" 
than ERIP inventions. 

The latest impact evaluation of the Energy-Related Inventions Program (Brown, Wilson, 
and Franchuk, 1991) collected information on the membership of ERIP inventors in these 
societies, as a basis for assessing inventor societies as a comparison group option.' Only 12% of 

This s w e y  of E R P  participants involved the collection of data from two samples of ERIP participants. The 
First sample of 107 inventions ("promising sample") was selected to maximize the inclusion of inventions that 
had achieved sales by 1990. The second sample was randomly drawn from the remaining population. This 
"random sample" allowed us to analyze the full range of inventions -- from least to most successful. Because of 
this stratified sampling technique, weights were established to provide a more accurate description of the 
popuilation of ERIP inventom. The weight for inventors in the promising sample was: defined as 107 divided by 
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the EKIQ inventors surveyed indicated that they were members of inventor organizations or 

~ocieties.~ This limited overlap reduces the validity of inventor societies as a basis for assessing 
the relative progr-rress of ERIP inventors. 

Innsvatim and Pncuhator Centers. Innovation or incubator centers are companies or not- 
for-profit organizations that hclp small ~~~~~e~~~~ get started. They typically provide ~ f f k e  space 
and equipment as well as entrepreneurial advice in return for an equity position in the new 
enterprise, 

e m  that few ERIF inventors have participated in innovation or incubator centers. As 
a mle, EMP inventors have avoided assistance of any kind that diminishes their control over the 
destiny of their inventions. This is corroborated by their minimal reliance on venture capital 
companies for €inartcia1 support (iRrown, Wilson, and Francherk, 1991). Thus, inventors that 

in assistance from innovation or incubator centers would a p p a  to be distinct from the typiml 
ERIP inventor, reducing the validity of this population to provide a comparison group for 

emn Patent holders offer an alteniative but not necessarily a better corn 
group option. Based on the Bast siirvey of ERIP inventors, it is estimated that in 1990, 90% of 
ERP-supported technologies were patcnted.3 Thus, ERSP inventors overlap more with the 
popdadon of patent holders tha1-a with the first two compauison grou populations (i.e, members 
of inventor societies and partkipants in irnnovation or incrabator centers). However, at the time of 
application to the Program, ERIP technologies have a much lower (although unknown) rate of 
patent protection, Indeed, patenting i s  encol,araged by the Program and could even b@ used as a 
measure of the Rogmrn's success., 'T'hus, many of the technologies in a comparison group derived 
from patent holders would $@ one step closer to the market than many EWP technologies, leading 
to a biased comparisnm. 

One advantage of using patent holders as a comparkon group is that their technologies 
@odd easily k screcned on technical grounds to match k c  technologies k ing  developed by ERIP 
inventors. This could probably l?e accomplished without too rnu~ch dificulty OF cost. However, it 
would $e quite costly to assess patent-Inolder technologies to match the potential commercial 
viability of ERIP technologies, which is a key criterion in ERIP's evaluation process.. Thus, the 

the number of respondents €rom thc promising sample. Thc weight for inventors in the random sample was 
defined as (486-107) divided hy the number of respdents  from the random sample. In some cases data are 

e for dl. 486 ERlP inventors (e.g.> yew of application to NIST). In these insLmces, no weighting is 

dom and promising samples of ERIP inventors have nearrly identical rates of participation in inventor 

r i d  trchndagies that were patented in 1991 are identical for the landom and 

_____-. . -~ .. --C-_ll- - 

2 

societies: 12% for the former and 1 I % for the latter. 
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potential for commercial success might be considerably lower for this group than for ERIP 
participants. In addition, the fact that some patent holders do not all apply for ERIP funds 
suggests another possible bias. 

Near-Participants. Near-participants are applicants who are judged to be almost as promising 
as the applicants who ultimately receive program support. In the case of ERIP, they are part of the 
5% of applicants who pass the first two review steps: 

the disclosure review and analysis; and (1) 

(2) the first-stage evaluation consisting of a series of independent and successive 
reviews by technical experts inside and outside the NIST. 

Near-participants fail the second-stage evaluation, which involves in-depth assessments by 
one or more external evaluators. Having reached the 95" percentile of the review process (at the 
end of the first-stage evaluation), but falling short of the 9Sth percentile (which results in a 
recommendation of support by MST to DOE), it can be argued that there is no difference between 
the technical merits and market potential of near-participants and ERIP inventors. It has been 
shown that "'rater error" (that is, inconsistencies between the judgments of alternative raters) in 
similar types of evaluations (e.g., of job applicants and graduate school candidates) exceeds 5% 

(Bozeman, 1991 and Humphries, 1991). Thus, the similarity between ERIP participants and near- 
participants is an attractive feature of this comparison group option. 

Nevertheless, this comparison group option has two drawbacks. The & drawback is that 
participation in the NIST screening process may influence the progress of near-participants.4 

ere may he a positive impact resulting from the technical and market knowledge provided by the 
reviewers. The interaction of ERIP applicants with NIST reviewers at each step in the screening 
process is likely to improve the probability of commercial success for d l  technologies considered at 
that step. This process, termed here as the "interaction effect," results from the technical and 
market expertise provided by NIST reviewers to inventors and from program-induced networking 

iduals and firms that may ultimately play a direct or indirect role in the technology's 
commercialization. This interaction effect is likely to increase with each stage of the NIST 
evaluation, as the evaluation becomes more thorough. In conbrast, the review process may reduce 
the probability of commercial success for technologies that are rejected. Referred to here as 
"'tainting," this effect results fjrom the negative signal sent by NIST to the inventor and indirectly to 
potential funders of further technology development. This effect is likely to decrease with each 
stage of the NIST evaluation, as inventions passing through successive stages can claim some 

The impact of the NIST review process on the applicants and their technologies (both those that ultimately 
receive ERP support and those that do not) is a fundamental question that warrants consideration. 
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c of public validation, Failure to pass the f ind9 second-stage evaluation does taint 

The second drawback is related to the costs of using near-participants as a COTI-I~~W~SQD 

p u p .  hi the case of ERW, ncar-pxticipa.nts are typically very vocal in correspondence, objecting 
to NIST rejections and requesting reconsideration and reevaluation. More ahan 40% of this group 
contact NTST to appeal its decision, and a large propofiion of these inventors continue to protest 
and object to NST's deckions over a period of several years (Lewett, 1991). Contacting near- 
participants would sigriificahitly increase NiST's correspondence 3nd reevaluation workload as 
"closed" cases are reopened. This drawback was the fatal flaw of the near-paxticipant approach5 

tlae near-participants aid not EWP participants, but the differentid is e x p x t d  to be small. 

ram Referrals. Aanong ERiP's applicants is a subset o i  technologies that are foulid by 
NIST to be technically feasible and commercially competitive, but appeu not to offer sufficient 
energy benefits for program participation. They are labeled "program referrals" because NIST 
refers them to other programs for support, such as the Small usiness Adrministranion's Sinall 
Business Development Centers located across the U S .  These program referrals have certain 
advantages as a comparison group. 

One major advantage of using "program refermIs" as a comparison g o u p  i s  that overall its 
technologies and inventors appear to be well matched to the population of ERXP padcip 
is k a u s e  progrm referrals have k e n  judged by NIST to be te~hraically sound d commercially 

or employed by small businssses, who knew about, and were sufEiciently motivated to apply to &e 
Program for support, This is in contrast to the first three possible comparison groups where this 
information md motivation were much less certain, 

It should also be noted that these individuals differ from those in the "near-participants" 
categoq. The program referrals, while rejected far DOE support, were informed that it was not on 
the basis of technological feasibility or commercial viability, but kcause the potential, energy 
benefits were deemed to be insufficient. They received positive letters exglaining that while they 
had significant inventions, they fell short of the rigorous energy-related requirements of the 
prsgraxn. They were encouraged to pursue their work through other governmental S Q U ~ C C S  of 
support. 

While this may seem a small distinction, it has considerable impact. First, by having the 
positive tone and supportive referral it should not have as strong a negative effect as a rejection 
based on technical or market limitations. Second, rejectioi~ based on insufficient energy benefits 

t criteria for E R P  participation. In addition, ghe inventors are either inde 

ndix A €or a more detailed discussion of the steps in NIST's ERlP evaluation and the effects that 
"interaction" and "tainting" niay have on the commercial success of an invention. 



does not generate the administrative costs associated with appeals that were Seen as a "fatal flaw" 
of the near-participant option. 

There are three possible disadvantages of using "program referrals" as a comparison group, 

(1) Only 25% of ERIP's program referrals received a phase two evaluation. Thus, their 
technical and commercial feasibility are less certain than those of ERUP participants. 

(2) A broadly based portfolio of energy-related technologies may encounter distinct market 
and technical barriers or opportunities that are not experienced by a broadly based 
portfolio of non-energy related technologiesa6 

(3) The fact that program referrals offer insufficient energy benefits suggests that their 
technical and market characteristics might differ from those of ERIP participants. 

However, it is believed that these factors do not seriously undermine the advantages of using this 
category of applicants as the comparison group. Thus, we elected to use the population of 

referrals as a comparison group. 
Specifically, the comparison group consists of those 179 prograin referrals who applied to 

NXST prior to October 1989. This allows the group at least three years to have attained some 
commercial progress. The same cut-of€ date was used to define the population of ERIP 
participants studied in the latest economic impact evaluation (Brown, Wilson, and Franchuk, 
1991). 

2.2 DATA COLLECTION AND ANALYSIS 

Development of a Mail Survey. A cover letter and 4-page mail. survey was developed for 
this study (see Appendix €3). The survey form was designed to collect the same performance 
indicators that were measured in the latest ERIP impact evaluation, which collected information 
about progress through 1990 and status of the invention in 1991 (see Brown, Wilson and 
Franchuk, 1991). One notable difference is that the survey of program referrals solicited data 
about progress through 1991 and status in 1992 to maximize the currency of the information. 
Thus, the program referrals had the advantage of one additional year in which to make progress. 
This bias is in a conservative direction - making it more difficult for the progress of ERIP 
participants to exceed that of program referrals.' 

The survey of program referrals collected information on: 

(1) the current activity status of the invention (e.g., active vs. suspended), 
(2) its current stage of development, 

6 One possibility, for instance, is that the considerable uncertainty surrounding energy prices introduces a unique 
banier to the market penetration of energy-related inventions that other technologies do not encounter. 
When the next ERE' impact evaluation is conducted, it will provide concurrent data to perfectly match the 1991 
time frame of the comparison group. 
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(33 the nurnkr  of patents asswiatcd with the invention, 
(4) year of first sales, 

raised to develop the invention, and 
ne equivalent (RE) employees working directly or indirectly on the 

technology in 1991. 

Additional information on the program refemds: was available f r ~ m  NIST's databases, including 

All of the program refemals were mailcd the uestionnaire in Junc 1992, W e m  the contact 
and inventor were different individuals, the inventor was maiuiled a ~ u ~ s ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  if the cantact did 

Gjcaticn to NIST and the stage of review at which the rejection m c m d ,  

I'lIkX the EspQnSe 

rvey of Nonaes aandents. Durin August 1392, mnrespondents were 
contacted by t e l e p h ~ ~  and asked to complete the suwey either over the phone .r$yniail. The 
purpose of this step wax to maximize the response ratev As a result of this two-pronged approach, 
the response rate w to 44%. Surveys were completed for 79 of the opulatiorn of 179 

s: 45 of the respondents conrrplekd a suwcy by mail and 24 by telephone. 

Analysis of Survey esulks. Frequency distributions and mean values were tabulated for 
rmance measures, and coi-nparable statistics were derived from the database of 

infamation on E N $  participants, Statistical tests are not used to compare the pairs of statistics 
k a u s  of the smdl sample sizes. 
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3. COMPARATlVE STATISTJCS 

3.1 INTRODUCTION 

Of the 79 program referrals who responded to our survey, 28 reported sales of their 
invention. Because this represents a substantial percentage (35%) of the respondents, it was 
deemed important to more closely investigate each of these 28 program referrals. The MST files 
and evaluation reports on these 28 applicants were examined. In addition, we studied the NIST 
files and evaluation reports for a random sample of seven of the 51 program refends who 
indicated in our survey that they had not experienced sales. This step was taken to identify any 
systematic differences between the respondents who had experienced sales and those who had not. 

Bf the 28 program referrals that reported sales of thek technology, none had applied to the 
program for assistance in research and development. All had mature concepts and were applying 
for marketing and management assistance. Of this number 22 experienced some sales before or 
during the year they applied to the ERIP program. Only four of the applicants experienced their 

es AFTER they applied to the ERIP program. These four participants were surveyed a 
second time, by telephone, to obtain an in-depth accounting of the experience they had in 
commercializing their technologies. These details are discussed in Chapter 4. 

Each of the seven randomly sampled program referrals that had not experienced sales at the 
time o€ OUT survey were in early stages of concept and technology development when they applied 

. Some had patents or patents pending, but none were at or near the production and 
marketing stage. All were applying for R&D support. Thus, we are reasonably confident that 
those progrm referrals who experienced some sales either before or after applying to the Program 
were, on the whole, further along the development path. 

3.2 YEAR OF APPLICATION TO ERIP 

Turning our attention to a more detailed examination of the results, Table 3.1 and Fig. 3.1 
indicate that program referrals and E R P  participants are well matched in terms of project age. In 
particular, program referrals and ERIP participants applied to ERIP over approximately the same 
time fmme between 1975 and 1988. Neither of the groups applied to the Program in consistently 

rn than the other. This similarity is important, since many years may be required to take 
m i ~ ~ g n t i Q ~  from conception to market, and ~ J I  older cohort of inventions would have had longer 
to achieve commercial success. This gives us more confidence in the appropriateness of the 
sample of program referrals as a comparison group for ERIP participants. 
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3 .3  ACTIVITY STATUS 

Fig. 3.2 and Table 3-2 suggest that the development of ERIP inventions is actively pursued 
for a longer period of time than are the inventions of program referrals. In particular, 61% of the 
ERIP inventions were actively being pursued in 1991, while only 34% of the program referrals 
were actively k ing  pursue when they were surveyed in 1992. Only 13% of the EMP inventions 
were suspended indefinitely, and based on the 1991 survey, no ERIP technologies had failed or 
been subjected to Chapter 1 lheorganization or chapter 7bankruptcy.* In contrast, 22% of the 
program referrals were suspended indefinitely and an additional 8% had failed or their businesses 
were bankrupt. Some, but certainly not all of the differences may be atb-ibutable to the fact that 
ERIP participants are in earlier stages of development, compared to program referrals, when they 
apply to the Program. 

I I L I 

Actively being Low level Suspended Suspended Failed 
pursued of effort temporarily indefinitely 

J 

Fig. 3.2 Status of Inventions: 
Program Referrals and ERIP Participants 

* Othw sources of infm‘ation on the progress of E R P  participants have identified at leaqt one participant that has 
gone bankrupt. 
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3.2 Status off Inrventioaws: 
WP Participants 

a To calculate thc weighted tntd, the random s ~ ~ t p l ~  was rndtiplied by 379f44 and the promising sa~rsple was 
multiplied by IWfi8. 



BER OF U.S. PATENTS 

Patenting activity is examined here as an indicator of technical and commercial 
~ e ~ ~ ~ ~ n c ~ .  Patent protection generally enhances the value of a technology; investors are more 

rovide d e v e ~ o ~ ~ e n t a l  financing if the technology i s  protected. The existence of 
e patents suggests that the technology is highly robust and that it i s  a 'Wscontinuous" 

i~novatio~i, rather than a continuous or incremental one. Since patent disclosures and applications 
requirt: &e carnrniment of resources, multiple patents also indicate access to some level of financial 
support. 

Table 3.3 indicates that only 72% of the program referrals had one or more patents 
cornpad with 90% for the ERLP participants. In addition to this higher rate of patent protection, 
more U,S. patents have resulted from the development of ERIP technologies than from the 
development of the inventions of program referrals. On average, each program referral resulted in 
1.4 U.S. patents, while the average ERIP invention generated 8.7 patents. The average number of 
patents held by inventors who had at least one patent was 2.4 for the program referrals and 12.2 

Table 3.3 US. Patents: Program Referrals and ERIP Participants 

~ 

IL 57 inventions are associated with one or more patenls (Le., 72%). 

45 inventions are associated with one or more patents (Le., 90%). 
mvenlions are associated with OW or more patents (Le., 90%). 

To calculate the weighted total, the random sample was multiplied by 379/SO and the promising sample was 
~~~~~~~1~~ by 104r193. 
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for the ERIP pariicipants . . - that is, the ERE' p&c;pants with patents held five tinties &c patmtr, 8 %  

their program rcfmal counlcrparts. To the extent that patccnting is an indication of techiiical and 
commercial success, these sblistics suggest that the ERIP technclcgiec have !xcn comisi 
ES13PC saocsccssful. 

3.5 SALES 

We now focus out attention on those techno1ogks that experienced sales Of tlw 3 
program icfexals W ~ - O  iepfied sales by ihc end of  1994, all had mratuie co[1sz,pts and w 
applying for maketing and inanragemeat assistance- As noted mrlier, fully 24 (or 96%) cf the 28 
with sales cxpsficncd thck first sales More  or during the year they applied to NIST for support 
If wc exclu~k khese from the sample of program referrals- then WI can conclude ;hat of the 55 

program refmals that had not expzrienccd sales by the :Emc of application to ERIP, 7% had 
achieved s a h  Sy 1991 [i .e., (4/55)*lOS]. 

By the end of 1990, 109 (or 22%) crf lhe 486 ERIP pai-Eicipants wem knowa to havc 
achieved sales.'o In contrast to the sample of program refenals, only 29 (oi 26%) of these EMPP 

b g k s  with sales had entered the maikc: k f o ~ r :  or during their year of application of  the 
P r o g r m ~ . ~ ~  If we remove tlicsc fiorn the piipulation of EWTP participants, then w e  can coricludc 
that of tlic 4 5  EMP parTlcipants that had not expe%meed salcs by the time of application to ERlf,  
18% had achieved sales by 1998 [Le., (8Ql457)*lQO]. 

Perhaps more distinctive are the diffcrcnces in curnillative sales acchLeveG by program 

referrals vs. ERlP participants. The total cumulative sales of  those program re-ferrals that enterd 

the markrt after application averages only $22,9,508, whiic the comparable statistic for ERIP 
participants is $3-336.900. 

'I'he distribshon of curindative sales across technologies i s  positively skewed for I-~aili EMIP 
participamis and program r.e€emls. Most technologies are commercially unsiiicccssful, while it few 
technologies arc highly profitable and achieve significant sales. 'I'hls skewess rn 
highly sensitive to the results of the small fractioir of invcntors who are Ii;ghly successful. Foi 
instance, three ERIP inventors account for 42.5% of the sales achieved by the 81) iiiveiltors that did 
not have sales M o r e  applying to the Prograa-~. The averrrgi; cumulative sales pca inverrtw are 
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E)-iogam rcfemls and ERIP participants generated comparable Bevel6 of employment psr 
invention (Table 3 5 ) .  Program rcfcnds perfom well in  this rcgud primarily because of  the 
S I K C G ~ S  of two applicants: altogcthes, these two technologies account for 3'7% of the total 
employment siiown Li Table 3.5, ard h t h  of these technologies acliievd s~xbstmtial sales prior to 



applying for ERIP support. In contrast, the bulk of the employment attributable to ERIP 
technologiets was achieved by technologies that entered the market after receiving ERIP support. 

NDS RAISED 

le 3.6 describes the funds raised by program referrals and ERIP participants to support 
e development of their technologies. While each group had a similar percentage of projects that 

ng (55 out of '79 or '70% for program referrals and 409 out of 486 or 84% for ERIP 
p ~ c i ~ ~ t s ) ,  there is a noticeable difference in the level of this funding. In fact, E R P  participants 
with funding raised more than twice as much money, per invention, as program referrals. This 
suggests that one possible key to the success of the ERIP participants may be their ability to raise 
necessary funding at sufficient levels, an ability which may have been enhanced by participation in 
ERIP. 

Table 3.6 Funds Raised by 
Program Referrals and ERIP Participants 

a Ow inventor reporlied personal funding of $4,500,000 and another reported personal funding of $7,000,000. 

a The randomly sampled inventor wilh the most funding had raised $2.9 million through 1990. 
The three promising inventors with the most funding had raised $13 million, $9 million, and $5 million through 
19%). 
To calculate the weighted tot& the random sample was multiplied by 379/SO and the promising sample was 
~~~~~~~~ by 109/93. 
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Table X7 looks more closely at the funds raised by both samples, based cm when the 
technologies first expcricncd sales- In particular, tlne table breaks down sales by whether they 
Fist occurned before, during, or afkr the year of application. Funding Ievcls are examined in kms 
of tFe total amount raised in each eatcgory, the percent of total funding, the average funding per 
invention, and the :amdxx of iiiventiocs receiving non-personal funds. 

eferrals and ERPP Participants: 
of First Sales 

a 5 of 20 = w e d  no Funding. 
2 of $0 rcpcfl2d no f11fiding. 

At first g1an.c w e  scc that both groups have the majority of funding accmiisg :a the 
inventions with first sales after the year they applied to the program. Further, it appears that the 

18 



program refenals in this group have raised marginally more money per invention in that group. 
However, as is noted in footnote b, one program referral in this category accounts for most of this 
funding. If we remove him from this sample, we see that the average funding per invention 
between the two groups is different by an order of magnitude in favor of the ERIP participants: 

It should also be noted that only 25% of the program referrals who obtained funding after 
their ERIP application, had non-personal backing. This compares with 76% of the same subset of 
ERfp participants who received non-personal funding. This suggests that the program referrals are 
having to "go it on their own" when raising funds for their invention. The ERIP participants seem 
much better connected to investment monies from sources other than their personal bank accounts 
and the financing of friends and relatives. Again, this may be as a result of ERIP training, 
networking, and the enhanced credibility associated with a favorable MST review. 

This observation makes the program referrals who experienced sales after the year they 
applied even more interesting. They seem to have prospered for a time in a situation where the 
odds were stacked against them. For this reason, we chose to study them in greater detail. Section 
4 reports the results of a follow-up study of this group to try to understand what made them able to 
succeed, while the sample of 51 other program referrals in their cohort failed. 

far each program referral and $997,000 for each ERIP participant. 
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4. DISCUSSION OF PROGRAM REFERRALS WHO 
EXPERIENCE SALES AFTER REJECTION 

In-depth telephone interviews were undertaken with the four respondents who reported 
first sales of their invention AFTER they had applied to ERIP and been rejected for support. The 
follow-up survey was designed to better understand the details of each inventor's "success," and to 
attempt to identify any special strategies he had employed (all four were male). The survey began 
by asking about the first year that the inventor had experienced a sale of his invention. This acted 
as a control to insure that information procured in this secondary effort matched that from the 
original survey effort12 

The next question asked respondents for detailed information about the sales of their 
product. R.espondents were asked to identify the year of l a t  sale, and the dollar sales volume in 
each year since the first sale, In the case of annual sales, respondents were told that 
approximations were acceptable. This was done (1) to expedite the survey process and (2) to 
alleviate fears about the survey. The surveyors wanted to make sure that respondents would 
answer honestly without fear that exact answers would somehow "come back to haunt them." 

The final question asked the respondent to recount the major events that led to the success 
of their product. This question was designed to be free form, allowing subjects to teli the story of 
their invention. It was hoped that through this question technological changes or innovations to the 
original product could be identified. It was felt th'dt the invention that was sold by the respondents 
naight have been modified or upgraded, and therefore the product being sold was not the product 
that originally had been specified in the application. While it is not always inappropriate to attribute 
sales of  a current technology to its historicai antecedent, it is very important to understand and 
document the path of the technological ~r0gress.l~ 

Before calls were placed to the respondents, a letter was sent to each explaining that this 
follow-up interview would be conducted. It also explained the nature of the information that 
would be needed. In particular, respondents were advised that they would be queried on their 
annual sales, and that they need only have approximations. 

l 2  I t  should be noted that information supplied in this second survey matched that received in the first. This is 
important because in a few cases some of the information supplied by the original survey was not fully backed 
up by the information in the applicant's file, mainly in the area of when fist sales occurred. Some respondents 
to our origirial s w e y  had not reported initial sales of their invention until after they had applied and been 
rejected by the program. Yet, in their application they reported sales of their invention, and often supplied NIST 
with sales materials. This was another reason for the random file search described above. None of these random 
checks prtduced any contradictory information. 

l 3  For a discussion of the role of technological and market spin-offs see Brown and Wilson 119931. 
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'Table 4.1 Year-by-Year Sales of Program Referrals 
with First Sales Following AppEicatisn 

Table 4.1 presents the annual sales figures for each of the three inventors of interest along 
with the year that they applied to the progreatn. Except for Mr. Bogiie, all the sales were for a 
limiltcd time, and reflect only small dollar amounts. Further, as we have referred to above, three of 

tlacsc inventors were not abk to sustain sales of their product foi more than just a few years. 
What follows k l o w  5s a summary of the infomiaeion reported by the four respondents who 

experienccxl sales after they had been rejected by EWP. 1We€ore discussing the suivey iesults, each 
section contains a short description of the technology described in the original application, and a 
stirr.rnary of the evaluation of the technology. 

PQSITE DLLU "$1684 FIXTURE AND @O 
(inventor: J.S. White #92,66) 

T h i s  invention allows for the installation of a multiple t.,l@ctrkal switch to be installed in pre 
existing silpgle switch wiring, The invention thereby makes it possible to rim a far1 and a light 
indeperaa?,eas:?y €Tom a wall switch originally designed to handlc only one or the other (or both if 
they worked at the same time). In discussions with the inventor, this prodrick was aimed at PWQ 
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markets, The first was a residential market where individuals could install a combination ceiling 
fan and light fixture and operate them independently from an existing wall switch designed to 
bandle only one of these units. The second m k e t  niche that the inventor saw for this product was 
in retrofitting hotel and motel bathrooms that had a single switch that turned on a bathroom light 
and the vent to the outside simultaneousfy. The inventor saw energy savings in both applications 
as less power would be used to heat or cool a room. In the first case, the ceiling fan could be used 
to better circulate heat that had risen to the top of high ceilings. To this end he included a lengthy 
article on the use of ceding fans to reduce heating costs to a manufacturing fim that was in a large, 
open, hard-to-heat building. In the second case, the energy savings came as heat was not 
necessarily vented outside each time the bathroom light was turned on. No supporting evidence 
was given as to this application. 

The technical evaluation, while agreeing that the invention did work as described, was 
unable to support the energy savings as described in the inventor's application. In the official 
c~mmunication to Mr. White, NIST said that, "[rlesidential application [did1 not seem to be 
necessary but the elimination of stratification in high ceiling industrial areas can be helpful as 
shown in [the inventor's] report." As with the other respondents in the sample, Mr. White was 
referred to other government programs for possible assistance. 

As Table 4.1 shows, this invention first experienced sales two years after this rejection, in 
. The retrofit kit was sold for five years, with the sales being greater early during the five 

years the invention was sold. Sales were mainly to the second market niche described above, and 
therefore multiple units were sold in a single deal. In point of fact, only two or three motels 
pwchased the kit. In 1984 sales of the product fell to zero, and the inventor took the invention 
back to the research stage. 

scribed by Mr. White, the original product that was submitted to ERIP and was the 
basis of the sales reported, had a major drawback. In the hotel bathroom example, the retrofit 
would allow the use of the light independent of the fan, but it was not possible to turn on the fan 
without also turning on the light. (There was one switch with three positions; off, light on, and 
light and fan on,) Mr, White now says that the product has been modified such that it has two 
switches and the two devices can work independently. He has made a video of the product and its 
benefits, and is currently sending it out to prospective clients and funding agents. The market has 
been restricted to the hotel and motel niche previously described. At the time of the interview, 
n ~ ~ t ~ e ~  funding agencies nor customers had responded. However, Mr. White is committed to the 
product and is promoting it at various trade shows and through other marketing approaches. As 
with many of the inventors contacted, he volunteered to send materials in for study if it might 
somehow help to identify funding sources or agencies that will help him promote this invention. 
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The Watt Clock is a simple device that measures the amount of electricity used by an 
ekctric. appliance. The owiier attaches the clwk to the device or appliance of interest, and i t  
measures the electricity used and converts this into m estimated utility cost. 'Ihe Watt Clock (as 
described in the ERlP application) assumes a price of $0.10 per kWh in its calculation and 

t cost reporting.. It was this fixed input price and the fact that i t  was only designed for 
use with 1 10-Volt S O U K C ~ S  that fomed the basis for the reviewer's rejectinn of this technology, 
The revkww felt the fixed input price chosen might not be representative of prices all over the 
country, or into the future. Further, the fact that the invention could not attached to appliances 
running an 220 Volts (which he argued were the largest electricity consumer in a house) was a 
major disadvaniage. 

In the subseqtient interview, the inventor explained that he took the comments and 
incomporated them into some p r ~ ~ ~ ~ t  revisions before he tried to sell the Watt Chxk, (That is, the 
tecknology benefited from an program "interaction effect'!,) He says the most important change 
was allowing the user to select the input price level. In this way the Watt Clock could be adjusted 
to reflect various input prices. He said that he considered designing a Watt Clock that worked with 
220 applia-nces, but never got very €ar with it. 

As €or sales, the inventor says that they were "pretty insignificant." The units he soM were 
mostly to friends and neighbors. He said he was not able to generate significant demand through 
expensive advertising+ Also, at the t h e  he was trying to market the Watt Clock, the ecoriorny 
began to turn U Q U ~  All of a sudden the cost of electricity was not as itn nt  as it had been just 
a few years before. Also, he said that he felt that charages in the tax regnlations dealing with 
energy-saving devices hlert demand. 

Since suspending sales of the Watt Clock the inventor has not made any changes to the 
Qevice. Illvestanent money has k e n  short, and he has had other ideas. Mr. Ionescu still feels that 
Ae has a techad~gy and a device that could kelp people uiiderstand bow they are using electricity 
within their liomes and offices, but that this is just not thc time to try to sell the Watt Clock. IIe 
says he would love to work on it further if he could find the funding, that he has put a lot into it so 
far, and ,gott.cn too little back to continue at this point. 

4-3 CAULK! PORTED DEFO %E TIC ADHESIVE 
(Inventor: D. Bsyle W15347) 

It slaould be noted that of the four respondents to the original suwey who exjxx-ieraced sales 
after kisig turned down for ERIP support, David Boyk i s  the only one still actively selliaxg his 
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product. .As will be discussed in greater detail below, he has a small but steady volume of sales 
that has existed since he introduced the product to the market. 

Mr. Boyle began work on his invention in early 1980, some four years before he applied to 
program. He describes his product as a caulking material that comes in a roll and easily 

goes in places that are traditionally difficult to caulk. In essence, the product is yarn that is 
saturated with an adhesive compound. After the saturated yarn cools and dries, it is wound up in 
small rolls for distribution and sale. The consumer unrolls the caulking, and is able to apply it 
where it is needed. Examples of use include around windows and in cracks on walls and ceilings, 
The inventor explains that the benefit of his material over the more conventional caulking 
substances is ea= of use and re-use. He explains that because this material is malleable, it can go 
places that the more standard caulking tape cannot, areas such as curves or more jagged cracked 
areas. Further, because it is easy to unroll and apply, it has m y  benefits that standard caulk &om 
a gun cannot touch, such as overhead applications. Also, because the yarn maintains its tackiness, 
it can $e removed, stored, and used again. 

The inventor pointed out that during the development years, before he submitted the 
concept to ERIP, he had presented his caulking product to an energy-related invention program 
administered by the Boston Edlison Company, a large electrical utility. He said that his product had 
won an award. It was after winning this award that he decided to submit the product to the ERIP 
program for further support. He was surprised at the rejection from the ERIP program after his 
success in ahis other competition, but says he didn't let it bother him too much. After being turned 
down for Program participation, Mr. Boyle said he continued with his own private efforts on the 
product. 

When asked what he saw as the key to the success of his product, Mr. Boyle unhesitatingly 
points to mail-order catalogue sales. He says that it is too difficult to get large-scale sales from 
nmna l  retail outlets, These places are looking for a line of products that can be distributed to the 
buying public. Mr. Boyle says that by promoting sales through mail-order catalogues, the product 
gets large-scale visibility amongst a clientele that is interested in the product. Further, he does not 
need to supply a complimentary line of products to get his single product to the public. Using this 
~ p p r ~ a ~ ~  he says he is able to sell all the product he can make. The key to sales of this type of 

uci is in the carefully targeted mail-order catalogue business -- especially the ones that go out 
tcr the p a w n  who really likes to "do-it-yourself." 

Tn fact, he suggests that he could easily sell more of this product if he chose to but that this 
kind of sustained increase in activity would take away time for his work on new products. The 
inventor says that the profit from the sales of this product are plowed right back into R&D on other 
energy-related inventions on which he is currently working. It is this product that allows him to 
invest time and money in what he sees as the enmgy products of the future. 

' 
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ne through only minor changes in the past eight years. The inajority of 
changes have come in the form of modifications to the adhesive that im regnates the ya 
makes it stick to surfaces. 
or the like- From the tenor of the intewiew, none of M.  Bsyle's new inventions we a direct spin- 

uct. Thus, he seems to have found a good product that people buy aid use, and 
s from this successful product and rolls them into the ~ e v ~ ~ ~ ~ ~ ~ ~ n ~  o f  other 

ere have k e n  no other changes in manufacturing techniques, uses, 

In 1982, W. Bscchi, dong with William Campbell, submitted their invention, the Mikrcs- 
7el system, to the ERIP program. Ihe device monitors electricity use by homes and businesses, 
and used existing telephone lines to report he ~ ~ f o ~ ~ ~ ~ ~ ~  $0 a utility so it could better understand 
its load profile, and more effectively initiate Isad management programs. II he i~nvcntors 
conccptualiaxd the device in the late 19'70's, but weren't able t0 make serious progress until the 
early 1988's when telephone line use regulations were greatly reduced by thc FCC. 

TechniealPy, the device works in the same way that many remote alarm systems work 
today. Information on electricity use i s  gathered by a processing unit, At regular time intervals 
this infomation is sent to a monitoring center over the existing phone network. The monitoring 
center collects infor ation from a11 the individual processing units and makes this information 
available $0 the utility. The system was also designed $8 that burglar ahm and fire almn options 
could be added. For example, if a fire were to begin in the home, the same processing unit would 
send an alert to the monitoring center where the emergency would be reported to the proper 
authnop-ities. 

Tke rejection s f  this technology was based on the conclusion that, "the technology involved 
is not new but is rather an integration of existing technology." Further, "The energy saving made 

e use of [this] system [was] p ssible by using existing methods of control, load 
meter reading," 'fhe reviewer did say that the system offered many useful benefits 

(such as the integration of fire and burglar protection), and that this might make the system an 
ecoaasinkdly viable product, but that the energy savings potential just was not there. 

As with many of the otliep. respon ents to this survey, this inventor enlisted the aid of his 
Senator and Representative to lobby NIST. In all cases, the N S T  staff kept these interested 
Congressmen arid women appraised of  each step anid action they took for each case, In the case of 
Mr. Bocchi, he reported that he laad gone to his Representative because he felt that any help he 
could bring to bear in this review process would 1-x good. He was convinced he had an importmt 
technology, and very much needed the financial support in order to get the invention on narkct. 
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The first sale of the Mikro-Tel was in 1987. This sale, to a small electrical utility represents 
the only sale of the product. This was the working prototype system. The inventor said that there 
were more orders on the books, but that they simply did not have the financial backing to produce 
units. He felt that if the capital could have been raised, the market at the time would have been 
substantial. 

Because the financial backing did not exist to fill the orders, demand for the technology 
also disappeared. The inventors were forced to permanently suspend work on the system. Mr. 
Bocchi still believes in the system, and points to the expanding market and demand for such 
systems in the home protection market. He also suggested that if he had been able to get into this 
area at the time that he would have had a very dominant market position. However, because of 
many changes and advances in the technology in this area, they have lost any advantages they 
might have had. When asked whether or not the inventor considered any modifications to the 
system in order to reintroduce it, he said he did not. The technology had advanced so far in the last 
few years that this just wasn't practical. Fiber optic systems, and cable technology, combined with 
the already excessive number of firms competing in this field made another attempt at entry 
impractical. 

4.5 CONCLUSIONS 

In conclusion, our sample suggests that only a handful of inventions not in production 
and marketing phases when rejected for participation in the ERIP program later are able to achieve 
comercid success. Further, of the four inventions that did experience initial commercial success 
dter rejection from the program, only one was able to remain viable for more than a few years. 
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5. CONCLUSIONS 

Appropriately designed program evaluations should be able to isolate the effects of the 
program from the host of other factors that influence the progress of participants. The 
simultaneous tracking of program participants and a matched comparison group is a common 
means of achieving this god. To our knowledge, however, no previously published evaluation of 
a government-sponsored innovation program has employed a comparison group design. 

In this report, a comparison graup approach has been used to evaluate the impact of 
participation in the Energy-Related Inventions Program. Five potential comparison goups were 
considered: 

teehnologies developed by members of inventor societies; 

technologies developed by participants in innovation or incubator centers; 

inventions of independent inventors with unassigned patents in selected energy 
mas; 

near-participants - these are ERIP applicants that successfully passed through all 
but the final phase of the NIST evaluation; and 

0 program referrals - these are ERIP applicants that were found by NIST to be 
technically sound and commercially competitive, but appeared to offer 
insufficient energy benefits and therefore were referred to other programs for 
possible support. 

The "program referral" option was judged to be most appropriate for this evaluation. 
Specifically, the comparison group is composed of inventors who applied to the program 

and were judged to be technically feasible and commercially valuable but were rejected because 
they appeared to offer insufficient energy benefits. These inventors were encouraged to take their 
inventions to other government programs, such as those supported by the SBA, for assistance in 
further development. Thus, we were able to identify a comparison group that had many 
similarities ta ERIP participants, but lacked the direct support of DOE. 

One unanticipated difference between the samples of program referrals and ERIP 
participants added to the complexity of the comparison goup analysis. Of the 28 program referrals 
who reported sales of their technologies, none had applied to the program for assistance in research 
and development. All had significantly developed concepts and were applying for marketing and 
management assistance. Of this number, 24 (or 86%) experienced some kind of sales before or 
during the year they applied to the ERIP program. Only four of the applicants experienced their 
first sales AFTER they had applied and been turned down for support by the ERIP program. 

29 



h contrast, ollly 23 (or 27%) of the 109 E TP inventors with sales achieved their first sales 
prior to or during the ycar they applied to EMB for support. As a result of this difference, when 

ng sales figures, we e hasize the subsets of program referrals and ERiP participants with 
fist  sales a€&x their E 

As wc saw in Section 3, there are large differences ~~~~~$~~ the program refemals and the 
EMP ~ ~ ~ ~ ~ i ~ a ~ t ~  in terns of several i ~ ~ ~ a ~ ~ ~ ~  of conunercid success. Average dollar s 
ERW participants are an order of magnitude greater than the progym referral group. Further, our 
analysis suggests that only .a handful of program referrals who reported sales wmc not in 
production and marketing phases when rejected for participation i he EWIP program. 'hat  is, 
very few grogam referrals who $i not have sales before they applli to the progrm1 were able to 

ercial success aftemwdss Further, of the four inventions that did expekenee initial 
comniemid susccess after rejection from the pro am, only owe was able to remain viable for more 
than a few yeam 

A variety of additional indicators of success axe examined, with the following conclusions. 

The developanent of ERIP inventions appear to be actively pursued for a longer 
period of t h e  than are the ~ ~ ~ e ~ ~ o ~ ~  of program refemals. 

A higher percentage of ERIP inventions are protected by patents (go%), 
compared with program refenals (72%). 

referrals and EMP participants are associated with comparable levels 

applicants. Only 6% of the program referrals were associated with employment 
in recent years, compared with 58% of the EWPP participants. 

of employment r invention, bud this is p 6 m d y  kcause of tke Success of two 

Section 3 dss sevea!ed that there was a major difference between the funding of program 
referpals and EWHP participants. In total, program referrals raised half as miuch f~iunding, pes: 
invention, as ERlP participants. In dition, the program referrals relied mainly on personal 
funding in the developme t of their inventions. This is in contrast to the EWIP participants who 
received much of their funding from won-personal sources such as corporate profits, banks, stock 
offerings, and government programs in addition to the ERIP. Further, the ERIP participants were 
able to raise substaantiatly more money than their coimteq9arts. This undoubtedly has a significant 
impact on the success of this former group, and probably reflects, to some extent, the assistance 
provided by ERIP. Even in the intemiews with ~uccessfuul. program referrals (Section 41, we see 

that the biggest problem reported by these four cases is a lack of sufficient funding for p.rwluct 
improvements, business planning, and naarketing. 

Thus, it is likely that one of the benefits that EWIP supplies to its participants is not only 
funding in and of itself, but the knowicdgc and csnncctions to secure more funds. Many EMB 

ants are able to acquire large-scale funding to help them bettee prepare and market their 
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technologies. Xt appears that ERIP support consistently opens doors to funding and ultimately to 
success in the market that is missed by most other inventors, even ones that are referred to 
traditional sources of support such as the comparison group of program referrals. 

In conclusion, the comparison group analysis provides strong evidence that the ERIP 
technologies would not have achieved as great commercial success if they had not been supported 
by the Energy-Related Inventions Program. 
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APPENDIX A 

DISCUSSION OF TflE NEAR-PARTICIPANT 

GROUP OPTION 





This appendix gives a short summary of the steps in NISTs evaluation. It also describes 
how interaction and tainting effects can bias the probability of commercial success of a given 
invention. 

Both near-participants and ERIP inventors go through three stages before a 
recommendation for financial support is made -- i.e., disclosure review and analysis, a first-stage 
evaluation, and a second-stage evaluation. All ERIP applicants are first subject to a disclosure 
review and analysis. This step removes from further consideration technologies that are 
classified as one of the following: 

* not energy-related 
nuclear energy-related 

* 
* 

0 obviously technically flawed 
* requiring excessive feasibility analysis 
* 

a proposal to invent (Le., no invention yet involved) 
being of insufficient technical depth or detail 

unclear or with communication difficulties 

After passing the disclosure review and analysis, an inventor's disclosure proceeds to a 
first-stage evaluation. This step consists of a series of independent and successive reviews by 
technical experts inside or outside the NIST. For each review, the disclosure is sent to an 
evaluator in the appropriate field. The evaluator assesses the adequacy, completeness, and logic of 
the disclosure. The evaluator also considers the validity of the technical assumptions and 
statements made in the disclosure, the potential for energy savings, and the commercial feasibility, 
economics, practicality of the invention, and uniqueness. The evaluator provides NIST with brief 
written comments and a recommendation for or against support. A staff engineer from the Office 
of Energy-Related Inventions (OEM) considers the invention in light of the reviewers' opinions 
and does one of the following: 

e 

* 
e 

informs the inventor that the invention is not to be recommended to N E  
selects an appropriate expert to conduct an additional review, or 
initiates action to perform a second-stage evaluation if the invention shows promise 
or a more in-depth review is required. 

The second-stage evaluation entails an in-depth analysis. An OERX staff engineer is 
assigned as coordinator of the invention. The coordinator, in turn, selects one or more second- 
stage evaluators. The inventor is notified that the second-stage evaluation has begun, and the 
evaluators are encouraged to contact the inventor for additional information or data as required. 
The evaluation normally includes: 
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A fcmnal report is submitted by the evaluator, the report is icvicw& by the scmdinator a n d  
possibly other BERI staff, and a decision is made whether or not to reeamenc'b the invevition to 
DOE. Inventions we rcjceted for one or mori': ,>f the fdlowing reasons: (1) they are not 
competitive with available fe~l-anol~git~,  (2) they are not techr-iically feasible, or (3) they are not 
premising for pmcficnl applicafions, The inventor is notified of the d&sion and sent a copy of the 
e.o.aluatisaa repoa". Those inventors who are rcjeckd at this stage are labeled near-participants for 
the p u ~ p ~ s e s  of this sieady. 

Based on past experience with the evaluation pr0ces3, apyroxiniately 5% of the inventors 
undergo the second-stage evaluation: about 60% of tliesc fail the SK nil-stage review and 40% arc 
recommended to DOE. Thrsuglm October 1, 1989, there were 486 ERIP participants and 
approximately '100 near-pmicipm-mt~. 

The tluree-step process by which ERIP applicants become either ERIP invefirtors or near- 
participants is essentially a screening process which selects the most promising teclnnologies in 
terns of the seated selection criteria. We cm assun-sc that the groaps of ER1P applicants that pass 
successive stages of this screening process have a higher pntential for commercid siiccess than do 
the ,groups of applicants that ksorne rejectces of  the program. Therefore, we can assume that the 
probability of comnrercial ~uccess for the grsup of technologies that proceeds beyond the 
di~losun.~-8-evie\N-alad-ana8ysis step is higher than for the group of technologies that is rejected at 
this initial step of the screening process. Likewise, the probability of commer&l s~?cccss for the 
group of kchnologies that passes tlie first-stage evaluation is greater than fer the group of rejecteees 
at the first step. Following the same logic; the pmbability of commercial success for technologies 
that pass the stage-two evaluation and are recnrnmendgd to DOE for funding (i.ee7 ERSP 
inventors) can be assumed to $c greater than the probability of success for technologies rejectd at 
the second stage (i.e~? near-participants). 

In zddition to screening applicants. the process of selecting EWIP inventors may senc two 
additional functions that can increase, as well as decrease, ihc probability of commercial success 
for ERW applicants. First, the interaction of ERIP applicants with N E T  rcvicwers at each siep in 

tlhe screening proccss is likely to improve the prsbdbility of CQIII ITEIX~~ SUCC~SS for all technologies 
cosisidered at that step. This process, labeled here as the "interaction effect," results from the 
technical and market expertisse provided by NISI' reviewers to inventors and from "networking" 
with individuals and firms that rnay ultirtiately play a direct or indirect role in thc tcchnolcgy's 



commercialization. This effect is likely to increase with each stage of the N S T  evaluation, as the 
evaluation becomes more thorough, This positive effect impacts near-participants and ERIP 
participants alike; it therefore does not weaken the validity of using near-participants as a 
comparison p u p .  

The second function may reduce the probability of commercial success for technologies that 
are rejected. Referred to here as "tainting," this effect results from the negative signal sent by 
MST to the inventor and indirectly to potential funders of further technology development. This 
effect is likely to decrease with each stage of the NIST evaluation, as inventions passing through 
successive stages can claim some increasing degree of public validation. Failure to pass the final, 
second-stage evaluation does taint the near-participants and not ERIP participants, but the 
differential is expected to be small. Having reached the 95fi percentile of the review process, but 
failed the 98th percentile, these near-participants can argue that their technologies have been found 
to be meritorious. Indeed, it has been shown that "rater error" in most evaluations (e.g., of job 
applicants and graduate school candidates) exceeds 5% (Bozeman, 1991 and Humphries, 1991). 
If true of the ERE' program, as is likely, one could argue that there is no difference between the 
merit of near-participants and ERIP inventors. 

Figure 1 provides a simple representation of the screening functions that occur at each 
evaluation stage, as well as the directional shifts in probability of commercial success that result 
from tainting and the interaction effect. Probability of commercial success is represented on the 
vertical axis. Evaluation stages are listed along the horizontal axis. 

If near-participants were used as the comparison group, the measure of ERIP effectiveness 
would be measured by the difference between the probability of commercial success that 
corresponds to points 1 and 3 -- Le., the difference between the probability of commercial 
success far ERIP inventors and near-participants. Note, however, that this measure of 
"effectiveness" does not take into consideration the positive interaction effects that may occur in the 
three evaluation stages. Nor does it include the negative tainting effects that rejectees may observe 
at the first-stage evaluation or the disclosure-review-and-analysis step. 

Because these interaction and tainting effects are not considered, the use of near- 
participants as the comparison group will not provide a measure of the effectiveness of the ERIP 
program in total. Rather, an evaluation of near-participants only provides an assessment of the 
effectiveness of ERIP funding and recognition. (Note that in some cases, technologies 
recommended to DOE for funding do not, in fact, receive funding. In these cases, ERIP 
recognition may provide benefits to the inventor in terms of facilitating funding from alternative 
sources or provide other benefits, 

The true measure of the effectiveness of ERIP funding and recognition in terms of 
increasing the probability of commercial success is measured by the difference between points 1 

. 
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and 2 in Figure 1. ' h e  difference between oints 2 and 3 is a measure of the effects of tainting on 
near-participants. 
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APPENDIX B 

COVER LETTER AND QUESTIONNAIRE 

FOR PROGRAM REFERRALS 





June 15, 1992 

1- 
2- 
3- 

Since '1981 the U.S. Department of Energy (DOE) and the Oak Ridge National Laboratory 
( O N )  have periodically collected information on the progress of technologies recommended 
to DOE for financial support in the Energy-Related Inventions Program (ERE'). We are now in 
the process of collecting information about EFUP applicant technologies that were found to be 
technically sound and commercially competitive but judged to be insufficient energy benefits to 
warrant recommendation for DOE financial assistance. While DOE did not provide financial 
assistance to these technologies, applicants were directed to other government programs for 
potential financial and other support. 

This evaluation effort, in which we hope you will participate, has several purposes. 

e to guide ERIP in the improvement of its program, particularly that part of the 
program which refers applicants to other potential sources of funding; 

0 to help determine the success of ERIP applicants in obtaining funding from other 
sources; 

to compare the commercial success of technologies funded by ERIP with the success 
of ERIP technologies that do not receive ElUP support; and 

e ta help researchers, government agencies, and the business cornmuNty better 
understand the processes of invention and technical development. 

Enclosed is an ERIP evaluation questionnaire designed €or these purposes. 7'he "technology" we 
are interested in tracking is identified on the questionnaire by a technology description and ERIP 
application date. Please note that this questionnaire is not intended to reopen your ERIP 
applications for further review or consideration. 

are very sensitive to your requirement for confidentiality. The infarmation we collect from 
you will be held in strict confidence. No one outside the ERIP team will see infamation 
concerning your technology. The only data we report are condensed statistics that will not ailow 
fm or your technology to be singled out  Should an occasion arise in which we would 

want tn, report specific infannation about. your technology, we would contact you first for permission. 
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Page 2 June 15, 1992 

We may have overlo~ked one or more issues concerning EMP or your proposed technolo 
are most important to you. In ad tion, you may have comnents far EMP that can help it do 
its job better in the future. 'Ihe last page of the questionnaire gives you the opgorttnnity to 
express your comments and observations abaut your experknce with E R P  and the status of your 
technology. 

We would appreciate receiving your respanse by July 15, 19 2- En@bsed is a sel f -addm 
envelop for your convenience. 

M d y n  A. Brown 
Oak Ridge National Laboratory 

Ridge, T'N 37831-5202 
P~OIICX 615-576-8152 

Charlotte Fsmckuk 
oak Ridge Natics atory 
Building 4560N, 

ge, m 371831-6202 
P ~ O I E  615-574-8341 

to Thank you very much for contributing to o u  program evaluation effort. We look fo 
hearing from you. 

S inacerely, 
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- 
YEAR 

I 

CONCEPTUAklZATlON HISTClRY 
I 

what year did active development begin? 

In what year, if any, did the technolo achieve & of the fdlo\Rring s i x  stages of devclopmcnt? 

Please cheek the category that best descri es the technology's current activity status. 

Actively being pursued 

Mow many 1J.S. patents have resulted from the development of this technology? (Include all 
patents that are a direct outgrowth of the tedincdogy for which you applied for an ERPP grant.) 



3 

EMPLOYMENT 

How many full-time and part-time employee$ were associated with this technology in 1W1? 
Please include ail employees in your company that worked directly on this technology, as well as 
any individuals in other organizations whose jobs were related ta the production, marketing, or 
distribution of this technology. 

During the course of this technology’s development, production, marketing, or distribution, has 
the number of employees associated with this technology ever exceed4 the number for 1991? 
(Circle one: Y E S  o r  NO) If yes, please indicate the year the largest employment level occurred 
and the number of employees associated with this technology in that year. Please use the same 
dcfinition OF employment as above. 

SALES 

If the technology for which ERIP Eunding was requested has resulted in sales, please indicate the 
year that the first unit was sold. If sales occurred, please estimate in dollars the total sales of this 
technology in 1991 and the technology’s cumulative sales from the time the first unit was sold 
through 1991. Please include all sales of the technology that took place out of your company, as 
well as sales of  the technology by other companies, such as a licensee or a company that has 
purchased the tcchnology. 



4 

Please estimate thc total amount of intcmal and external funding that was spent on the 
development of this technology in 1991 and the cumulative funding ovcr the time period from the 
technolojg’s conccptualization through 1991. 

Please divide internal sources of funding into two categories: persnnal funding and 
corporate funding. (Do not include the value of your uncompernsated time as past of 
personal fmding.) 

Please divide external funding into four categories: mmmercial, public stock offerings, 
lending institutions, and government agencies. 

(own savings, (e.& re- 
€riends and invcsted 
relatives) profits from 

sales) 

(e.g.9 
venture 
capital) 



OIOWCON-365 

INTERNAI 01s TRI B UTIOPJ 
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3 L.G. Berry, 4500N, MS 6206 
4 M A .  Brown, 4500N, MS 6206 
5 R.S. Carlsmith, 4500N, MS 6188 
6 C.V. Chester, 4500N, MS 6190 
7 S.M. Cohn, 45OON, MS 6205 
8 J.W. Cooke, 45OON, MS 6269 
9 G.E. Courviile, 3147, MS 6070 

10 T,R. Curlee, 4500N, MS 6205 
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16 E.L. Hillsman, 4500N, MS 6206 
17 E, Hirst, 4500N, MS 6206 

18 R.B. Honea, 4500N, MS 6179 
19 P.J. Hughes, 3147, MS 6070 
20 M.A. Kamitz, 4515, MS 6065 

21 C.R. Kerley, 45OON, MS 6205 
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25 D.E. Reichle, 4500N, MS 6253 
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233 T.J. Wilbanks, 4500N, MS 6184 
234 O W L  Patent Office 
235 Central Research Library 
236 Document Reference Section 

237-239 Laboratory Records (3) 
240 Laboratory Records - RC 

EXTERNAL 0 ISTRIBU TION 
241-250 J.P. Aellen, U.S. Deparlment of Energy, EE122, 5E-052, 

1000 Independence Ave., S.W., Washington, DC 20585 
25 1 D.R. Bohi, Director, Energy and Natural Resources Division, Resources for the Future, 

1616 P Street, N.W., Washington, M7 20036 
252 P. Brandis, Office of Energy Resources, Bunneville Power Administration, 

P.O. Box 3621, Portland, OR 97208 
253 T.E. Drabck, Professor, Department of Sociology, University of Denver, 

Denver, Colorado 80208-0209 
254 T.M. Levinson, U.S. Department of Energy, EE12, SE-052, 

lo00 Independence Ave., S.W., Washington, DC 20585 



(cswt'd) 

255 @. Lewett, Office of Technology Evaluati 
Room A115, Gaitheasburg, MD 20899 

25 6 C.D. MacGracken, President, CAmac Manufacturing Corpration, 
101 West Shelfield Ave., P.O. Box 710, Englewood, N9 07631 

257 Ralph Nader, Post Office Box 19367, Washington, DC 20036 
258 Office of Assistant Manager for Energy Research 

DOE Oak Ridge Field Office, P.O. Box 2008, Oa 

Assessment, NI§T, Building 141, 

259-260 OSTI, U.S. I k p  ent of Energy, P.O. Box 52, Oak Sdge, TN 37831 
26 1 J.B. Shrago, Director, Office of Technology Transfer, 

Vanderbilt University, 405 Kirkland Hall, Nashville, TN 37240 
262 G.F. Sowers, P.E.. Senior Vice President, Law Companies Group, Inc., 

114 Towpark Drive, Suite 250, Kemesaw, Georgia 30144-5599 
263 G.M. Ugimsky, Office of Technology Evaluation and Assessment, NIST, 
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