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ABSTRACT 

'l'his volume r e p o r t s  t h e  a n s l y s i s  of t h e  r e s u l t s  of 30 case s t u d i e s  

of g r a n t e e s  funded by t h e  Energy-Related I n v e n t i o n s  Program (EKIP) .  

ERIP i s  one of s e v e r a l  f e d e r a l  2rograms s u p p o r t i n g  i n v e n t i o n  and innova- 

t i o n  i n  t h e  p r i v a t e  s e c t o r .  It i.s a r e l a t i v e l y  s m a l l  program w i t h  an 

a n n u a l  budget  o f  $5-6 m i l l i o n  t h a t  f o c u s e s  :i.ts a t t e n t i o n  on t h e  inde-  

pendent i n v e n t o r  o r  s m a l l  b u s i n e s s  w i t h  an e n e r g y - r e l a t e d  i n v e n t i o n .  

Support  t o  t h e  i n v e n t o r  o r  sma1:L b u s i n e s s  comes p r i m a r i l y  i n  t h e  form 

of a g r a n t .  The overa l l .  g o a l  of t h e  program is  t o  s t i m u l a t e  i n n o v a t i o n  

by  i n d i v i d u a l s  and small b u s i n e s s e s  and t o  assist i n  t h e  development 

OT promising energy-re la ted  i n v e n t i o n s  f o r  e v e n t u a l  commerc ia l iza t ion .  

Th:i.s volume lis an a g g r e g a t i o n  and s y n t h e s i s  o f  t h e  d a t a  g a t h e r e d  

i n  t h e  case s t u d i e s .  ( V o l u n e  2 c o n t a i n s  t h e  case s t u d : i e s . )  The case 

s t u d i e s  e x p l o r e  in-depth t h e  c h s . r a c t e . r i s t i c s ,  p e r c e p t i o n s ,  and exper iences  

of - inventors  and agency p e r s o n n e l  who have p a r t i c i p a t e d  i n  t h e  ERIP .  

Thus they  are a r i c h  soiirce o f  Informat ion  f o r  u s e  lin e v a l u a t i n g  t h e  

p r o c e s s  by which the program's  g o a l s  and o b j e c t i v e s  are implemented and 

f o r  e v a l u a t i n g  t h e  program's u s e f u l n e s s  i n  producing t h e  r e s u l t s  in tended  

by t h e  l e g i s l a t i v e  mandate. 

This  r e p o r t  i s  organized  around t h e  e v a l u a t i o n  i s s u e s :  

@ the  t a r g e t  audience ,  

t h e  program o p e r a t i o n s  and services, and 

9 t h e  outcomes a t t r i b u t e d  t o  t h e  program. 

With r e s p e c t  t o  t h e  t a r g e t  audience  t h e r e  are several c o n c l u s i o n s .  

ERIP  i s  f u l f i l l i n g  i t s  c o n g r e s s i o n a l  mandate by a c c e p t i n g  
only  e n e r g y - r e l a t e d  i n v e n t i o n s  from small b u s i n e s s e s  and by 
independent  i n v e n t o r s .  

@ The program has encouraged a d i v e r s e  group of i n d i v i d u a l s  and 
b u s i n e s s e s  t o  submit t h e i r  i n v e n t i o n s  f o r  e v a l u a t i o n .  

@ The program t e n d s  t o  p r o v i d e  f i n a n c i a l  s u p p o r t  t o  i n d i v i d u a l s  
w i t h  t e c h n i c a l  ediicaticm a n d / o r  exper ience  i n  areas r e l a t e d  
t o  t h e i r  i n v e n t i o n s .  
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* The NBS e v a l u a t i o n  r e s u l t s  i n  t h e  recommendation of a p p r o p r i a t e  
i n v e n t i o n s ,  g iven  c r i t e r i a  of t e c h n i c a l  f r a s i b i l i t y  , c-ommercial 
f e a s i b i l i t y  and energy-re la tedness .  

With r e s p e c t  t o  ERIP  o p r r a t i o n  and services, t h e  fo l lowing  conclu-  

s i o n s  are made: 

@ ].:KIP provides  two major services t o  g r a n t e e s  - money and 
c r e d i b i l i t y .  These services are a p p r o p r i a t e ,  given t h e  
mandate oE t h e  program t o  e v a l u a t e  and s u p p o r t  promising 
energy-re la ted  i h v e n t i o n s .  

@ The NBS i s  performing i t s  mandated service f o r  DOE ( i . . e . ,  
e v a l u a t i o n  and recommendation of promising i n v e n t i o n s )  . 

@ The DOE m e e t s  i t s  o b j e c t i v e  of developing a mutua l ly  accept- 
a b l e  c o u r s e  of a c t i o n  t o  h e  pursued by each recommended 
a p p l i c a n t  w i t h  f e d e r a l  assistance. Given t h e  number of 
g r a n t e e s  who complete t h e  work s t a t e m e n t s ,  DOE i s  e f f e c t i v e  
i n  d e f i n i n g  an a p p r o p r i a t e  n e x t  s t e p .  

While t h e  e v a l u a t i o n  p r o c e s s  a t  NBS seldom provides  t e c h n i c a l  
a s s i s t a n c e  t o  g r a n t e e s ,  i t  is  n o t  obvious t h a t  such ass is tance 
is needed o r  wanted. 

0 The perce ived  need f o r  c r e d i b i l i t y ,  v i s i b i l i t y  and money 
s u g g e s t s  t h a t  f i n a n c i a l  suppor t  i s  n o t  always t h e  rnosl: e f f e c -  
t i v e  means of s u p p o r t i n g  i n v e n t o r s  who come t o  t h e  program 
w i t h  a wide range  of b u s i n e s s / t e c h n i . c a l  e x p e r i e n c e  and w i t h  
l i m i t e d  r e s o u r c e s .  

* On t h e  whole, ERIP  i s  e f f e c t i v e l y  d e l i v c i - i n g  t h e  mandated 
s e r v i c e s .  However, t h e r e  are a number of areas which need 
a t t e n t i o n  (e .g . ,  communication, expansion of t h e  range  of 
services,  t i m e  t o  process  t h e  g r a n t ,  and t h e  mechanism f o r  
NBS e v a l u a t i o n ) .  

A jo in t -agency  mode o f  o p e r a t i o n  h a s  worked and provides  
s p e c i a l  b e n e f i t s  f o r  program g r a n t e e s .  

The outcomes from t h e  30 cases have l e d  t o  tile fo l lowing  c o n c l u s i o n s .  

@ The outcomes i n d i c a t e  t h a t  ERIP i s  meet ing i t s  g o a l s  and 
o b j e c t i v e s .  

* The number of cases which reached commerc ia l iza t ion  w a s  
unexpec ted ly  l a r g e ,  g iven  t h e  s h o r t  p e r i o d  of t i m e  i.n which 
t h e  program h a s  been o p e r a t i n g .  This  outcome w a s  a consequence 
of funding  a number of t e c h n o l o g i e s  c l o s e r  t o  co i imerc ia l iza t ion .  
For short- term,  h i g h e r - y i e l d  p a y o f f s  t h e  program should 
c o n t i n u e  t o  s u p p o r t  t e c h n o l o g i e s  c l o s e r  t o  commerc ia l iza t ion .  
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Given the  number of cases which were a b l e  t o  e i t h e r  
commercial ize  o r  o b t a i n  f u r t h e r  s u p p o r t ,  t h e  DOE p o l i c y  
o f  one-step,  one-time-only funding is e f f e c t i v e  i n  preparing 
t h e  g r a n t e e  t o  c o n t i n u e  development a t  the t e r m i n a t i o n  of t h e  
granlr . 

0 The i n t a n g i b l e  outcomes of c r e d i b i l i t y  and v i s i b i l i t y  s u g g e s t  
t h a t  c a r e f u l  a t t e n t i o n  b e  p a i d  t o  t h e  u t i l i t y  arid importance 
of t h e s e  outcomes b e f o r e  modifying t h e  e x i s t i n g  e v a l u a t i o n  
process .  
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PREFACE 

The Energy-Related I n v e n t i o n s  Program (EKTY) w a s  e s t a b l i s h e d  i n  

1’374 by P u b l i c  Law 93-577, S e c t i o n  14, as a j o i n t  Department of Energy 

(DOE) and N a t i o n a l  Bureau of S tandards  ( N B S ) ,  Department of Commerce, 

program. The NBS w a s  charged w i t h  (1)  e v a l u a t i n g  energy-re la ted  inven- 

t i o n s  submi t ted  t o  it and (2)  recommending promising i n v e n t i o n s  to  DOE 

f o r  s u p p o r t  - f i n a n c i a l  o r  n o n f i n a n c i a l .  The E R I P  i s  one o f  several 

f e d e r a l  government programs designed t o  s t i m u l a t e  t e c h n o l o g i c a l  innova- 

t i o n s .  The l e g i s l a t i o n  c l e a r l y  s ta tes  t h a t  s p e c i a l  emphasis is  t o  be 

placed on i n v e n t i o n s  submit ted by i n d i v i d u a l s  and s m a l l  b u s i n e s s e s ,  

I n  1979, t h e  ERIP  c h i e f s  c o i t r a c t e d  f o r  t h e  development of a 

program e v a l u a t i o n  methodology and i n  1980 f o r  t h e  implementat ion of 

t h e  e v a l u a t i o n ,  One t a s k  of t h e  e v a l u a t i o n  w a s  t o  conduct a series 

of case s t u d i e s  of t h e  program g r a n t e e s  and t h e i r  t e c h n o l o g i e s .  The 

purpose of t h e s e  case s t u d i e s  w a s  t o  g a t h e r  q u a l i t a t i v e  i n f o r m a t i o n  by 

which t o  assess t h e  performance of the Energy-Related I n v e n t i o n s  Program 

and t h e  outcomes r e s u l t i n g  from its implementat ion.  The e v a l u a t i o n  

e f f o r t  inc luded  t h e  fo l lowing  s u b t a s k s :  

e i n t e r v i e w i n g  a se lec t  number of p a r t i c i p a n t s  suppor ted  by 
t h e  Energy-Related I n v e n t i o n s  Program, 

@ i n t e r v i e w i n g  p e r s o n n e l  of t h e  N a t i o n a l  Bureau of Standards 
and t h e  Department of Energy, Energy-Related I n v e n t i o n s  
Program, 

e developing  case s tudies : ,  

meet ing w i t h  c o n s u l t a n t s  and conduct ing  f i e l d  work t o  d i s c u s s  
r e s u l t s ,  problems, s e l e c t i o n s ,  and p o t e n t i a l  recommendations, 
and 

Q producing a f i n a l  r e p o r t .  

Volume I i s  d i v i d e d  i n t o  t h r e e  parts. S e c t i o n  I c o n t a i n s  background 

informat ion .  S e c t i o n  I1 d e s c r i b e s  t h e  ERIP program and p r e s e n t s  t h e  

r e s u l t s  of t h e  e v a l u a t i o n .  S e c t i m  I11 p r e s e n t s  o u r  conclus ions  and 

recommendations. 
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SECTION 1: BACKGROUND 





A 
THE INNOVATION PROCESS 

A s  background t o  t h e  %RIP e v a l u a t i o n  t h e  a u t h o r s  cons ide r  i t  

impor tan t  t o  i n t r o d u c e  and d e f i n e  t h e  b a s i c  concep t s  used i n  descr5bing  

t h e  innova t ion  process, t o  d e s c r i b e  important. c h a r a c t e r i s t - k s  of that: 

p r o c e s s ,  and t o  provide  a framework for t h e  e v a l u a t i o n  of any f e d e r a l  

program des igned  to s t i m u l a t e  i n m v a t i o n .  T h Z s  framework acid t h e  

unde r ly ing  assumptions conta ined  in i t  have guided t h e  development and 

implementat ion of t h e  ERLP program e v a l u a t i o n  and are therefom essen- 

tial to unders tanding  the  r o l e  ERTP p l a y s  i n  s t i m u l a t i n g  innovat ion  i n  

t h e  United States.  

The fo l lowing  p o i n t s ,  which may n o t  be readily apparent:, should be 

k e p t  in  mind about  t h e  innovat ion  pracess., 

@ T h e  i nnova t ion  process  i s  no t  s t a t i c  b u t  dynamic. 

* The terms and t h e  c l a s s i f i c a t i o n s  used t o  d e s c r i b e  the  
innova t ion  process  are n e i t h e r  s t a t i c  nor  r i g i d .  

@ The p rocess  is not  l i n e a r .  

* An i n d i v i d u a l  may e n t e r  t h e  p r o c e s s  a t  any p o i n t ;  however, 
most a l l  t h e  s t e p s  must be t aken  a t  some p o i n t  in the  process,  

* The p rocess  may be i t e r a t i v e ;  t h a t  is, some a c t i v i t i e s  rnay be  
r epea ted  more than  once. 

@ There is  a l a r g e  gap between t h e  i n n o v a t i o n  and c o m e r c i a l i z a -  
t i o n  s t a g e s  and p a r t i c i p a n t s  i n  i n v e n t i o n  and innovat ion  
a c t i v i t i e s  most o f t e n  arc re luc tan t - .  t o  become p a r t  O F  t h e  
commerc ia l iza t ion  of  thz i r  i n v e n t i o n  o r  innova t ion .  

To complete  the innovat ion  p'rocess, an  i n d i v i d u a l  must possess or 

have a c c e s s  t o  a v a r i e t y  o f  d i f f e r e n t  s k i l l s  and r e sources .  

- * 
The l i t e r a t u r e  on inven t ion  and i n n o v a t i  on i s  b o u n t i f u l  and spans  

a number of d i s c i p l i n e s .  For a ecmprehexisive i n t r o d u c t i o n  to the 
t e c h n o l o g i c a l  i nnova t ion  process  bee K e l l y ,  P .  and M, Kranzberg e d s , .  
IbohnoSogicaZ IznouaLion: A C3iticul Reuiod  of ktr~e-nt  K- / iowld~s ,  sari 
F r i n c i s c o  p r e s s ,  I n c . ,  San Franc isco ,  1978. 

3 
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8 A t  t h e  i d e a  s t a g e ,  c r e a t i v i t y  i s  t h e  e s s e n t - i a l  element.  

@ A t  t h e  t e c h n i c a l  R&D s t a g e ,  technical .  e x p e r t i s e  i s  s i g n i f i c a n t .  

* A t  t h e  market i n t r o d u c t i o n  s t a g e ,  market ing s k i l l s  are of 
paramount imp o r  t anc  e. 

__. i n v e n t i o n  ........ and Innov???:oT 

The words " i n v e n t  ion" and " innovat ion" have c r e a t e d  c o n s i d e r a b l e  

confus ion  - i n  p a r t  because t h e y  are o f t e n  used in te rchangeably  by t h e  

u n i n i t i a t e d .  When c o n s i d e r i n g  how t o  s t i m u l a t e  t h e  t e c h n o l o g i c a l  

i n n o v a t i o n  p r o c e s s ,  i t  i s  c r i t i c a l  t o  d i s t i n g u i s h  betiween i n v e n t i o n  and 

innovat  ion .  

An i n v e n t i o n  ( i - e . ,  a new concept ,  d i scovery ,  o r  d e v i c e )  i s  on1.y 

the beginning  of t h e  t e c h n o l o g i c a l  innovat ion  process .  I:t  has  v a l u e  

i f ,  and only  i f ,  i.t i s  put  t o  u s e  by s o c i e t y  as (1) a b u i l d i n g  b lock  

f o r  f u r t h e r  development, ( i . e . ,  a n o t h e r  i n v e n t i o n )  o r  ( 2 )  a new p r o c e s s g  

product  o r  s e r v i c e  ( i .  e. i n n o v a t i o n ) .  A l l  those  a c t i v i t i e s ,  i n c l u d i n g  

i n v e n t i o n ,  which precede  arid f o l l o w  t h e  development of an i n n o v a t i o n  

are p a r t  of t h e  i n n o v a t i o n  process .  

innovati .on i s  a complex series of a c t i v i t i e s ,  beginning a t  f i r s t  

concept ion  o r  when an  o r i g i n a l  i d e a  i s  conceived,  proceedi~ng through a 

s u c c e s s i o n  of interwoven s teps  of research, development and manageme.nt 

decision-making and cu lmina t ing  i n  a product ,  which might be a t h i n g ,  

a technique ,  o r  a process  which i s  accepted i n  t h e  marketplace.  

The Nature  __.. of t h e  Technologica l  .... ___I innovat ion  Process  

The t e c h n o l o g i c a l  i n n o v a t i o n  process  can be g r a p h i c a l l y  presented  

a s  a sequence o f  e v e n t s  o r  a c y c l e  through which new p r o d u c t s ,  p r o c e s s e s  

and s e r v i c e s  normally p a s s  (see Fig.  1). Rarely does one i n d i v i d u a l  

havr  all t h e  s k i l l s  and r e s o u r c e s  n e c e s s a r y  t o  t r a v e r s e  t h e  innovati.on 

process .  Thus it i s  a p p r o p r i a t e  t o  v i e w  t h e  process  i n  terms of compo- 

n e n t  a c t i v i t i e s ,  p a r t i c i p a n t s  and needs ( s e e  Fig.  2 ) .  The v e r y  n a t u r e  

of the i n n o v a t i o n  p r o c e s s  mardates t h a t  any program designed t o  s t imul -a te  
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Fig. 1. The t e c h n o l o g i c a l  i nnova t ion  p rocess :  
new p roduc t s ,  p rocesses ,  and services normally pass  (Udell 1952) .  

a sequence of e v e n t s  through which 
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t e c h n o l o g i c a l  i n n o v a t i o n  must b e  s u f f i c i e n t l y  f l e x i b l e  t o  meet 

p a r t i c i p a n t s '  needs throughout .  Recogni t ion  of t h e  v a r i o u s  s k i l l s  and 

needs  of p a r t i c i p a n t s  i n  t h e  process  is  t h e  b a s i s  which should b e  used 

t o  d e f i n e  a t a r g e t  audience  and t o  de te rmine  a p p r o p r i a t e  services t h a t  

a program might p r o v i d e  t o  a s p e c i f i c  person  a t  a s p e c i f i c  p o i n t  i n  t h e  

p r o c e s s .  

_I_- I n n o v a t i o n  P r o c e s s  Components and Act iv i t ies  

A s  noted i n  Fig.  2 ,  t h e r e  are two g e n e r a l  components of t h e  innova- 

t i o n  process :  i n v e n t i o n / i n n o v a t i o n  and commerc ia l iza t ion .  Although an  

i d e a  may b e g i n  as an  i n v e n t i o n  ( i . e . ,  a n  e n t i r e l y  new p r o d u c t l y r o c e s s )  

or i n n o v a t i o n ,  i f  t h e  i d e a  a c h e i v e s  commerc ia l iza t ion ,  i t  must complete 

most of t h e  a c t i v i t i e s  d e p i c t e d  i n  F i g s .  1 and 2 a t  l eas t  once. L t  

should  be noted  t h a t  t h e  c l o s e r  i t  comes t o  rhe  p o i n t  of commercializn- 

tion, t h e  more l i k e l y  there is t o  be o v e r l a p  i n  t h e  ac t iv i t ies .  

It i s  clear t h a t  s k i l l s  i n  two b a s i c  areas are e s s e n t i a l  f o r  an 

e n g i n e e r i n g /  i n d i v i d u a l  t o  p a r t i c i p a t e  e f f e c t i v e l y  i n  t h i s  p r o c e s s :  

s c i e n t i f i c  and b u s i n e s s .  While a combinat ion of t h e s e  s k i l l s  i s  neces-  

s a r y  throughout  t h e  t e c h n o l o g i c a l  i n n o v a t i o n  process, t h e  s k i l l s  v a r y  i n  

importance a t  v a r i o u s  p o i n t s  i n  the p r o c e s s .  A t  t h e  r i s k  of overs impl i -  

f y i n g  t h e  i s s u e ,  i t  can b e  s a i d  t h a t  e a r l y - s t a g e  a c t i v i t i e s  require t h e  

p a r t i c i p a n t  t o  have s c i e n t i f i c  0: e n g i n e e r i n g  s k i l l s  h imsel f  o r  r e q u i r e  

him t o  b e  a b l e  t o  i n t e r a c t  s u f f i c i e n t l y  w e l l  w i t h  a second i n d i v i d u a l  

who can  b r i n g  h i s  i d e a  t o  l i f e .  L a t t e r - s t a g e  ac t iv i t i e s  r e q u i r e  t h a t  

t h e  p a r t i c i p a n t  unders tands  t h e  marke tp lace  w e l l  enough t o  b r i n g  t h e  

p r o t o t y p e  i n t o  i t  i n  such  a manner t h a t  i t  w i l l  a c h i e v e  commercial 

s u c c e s s ,  

P a r t i c i p a n t s  i n  the I n n o v a t i o n  Process 

I n v e n t o r s  
I- 

I n v e n t o r s  are persons  who create an  e n t i r e l y  new product  o r  process. 

Nost i n v e n t o r s  are c a l l e d  "casua l  i n v e n t o r s ; "  that  is, t h e y  perceive a 

problem t h a t  needs t o  be so lved  c r  t h i n k  of a b e t t e r  way t o  do something 
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and t h e n  proceed t o  i n v e n t  a device  o r  p r o c e s s  which w i l l  s o l v e  t h e  

problem o r  do t h e  t h i n g  b e t t e r .  TherP are a few p r o f e s s i o n a l  i n v e n t o r s  

( i . e .  t h o s e  who d e r i v e  t h e i r  incomes fro111 i n v e n t i n g )  and t h e r e  are 

some c o r p o r a t e  o r  i n d i i s t r i a l  i n v e n t o r s  WIKJ i n v e n t  as a p a r t  of t h e i r  

j o b s .  There are  only  a handfu l  o r  i n v e n t o r s  who have t h e  s k i l l s  o r  

d e s i r e  n e c e s s a r y  t o  b r i n g  t h e i r  i n v e n t j o n  i n t o  t h e  marke tp lace .  

Lnnovators ....____- 

I n n o v a t o r s  are  o c c a s i o n a l l y  i n v e n t o r s .  More o f t e n  than n o t ,  

i n n o v a t o r s  have e n g i n e e r i n g  backgrounds and so  are ab le  t o  a d a p t  e x i s t -  

i n g  i n v e n t i o n s  t o  o t h e r  environments.  

Technologica l  i n n o v a t o r s  are  a s u b s e t  of i n v c n t o r s / i r i n o v a t o r s  who 

p e r c e i v e  a p p l i c a t i o n s  of t h e i r  t e c h n o l o g i c a l  i-nvention which may be 

commercialized o r  a n  a p p l i c a t i o n  o f  tec .hnologica1 invezit ions devel-oped 

by o t h e r s  which iiiay b e  commercialized, These i n d i v i d u a l s  have s u f f i  .- 

c i e n t  t e c h n o l o g i c a l  and/or  s c i . e n t i f i c  backgrounds t o  deve lop  and a d a p t  

an e n g i n e e r i n g  p r o t o t y p e  t o  m e e t  a need of t h e  marke tp lace  and, there-  

f o r e ,  a c h i e v e  commercialization. They g e n e r a l l y  w l l l  n o t  p a r t i c i p a t e  

i n  commercial iz ing t h e  technol-ogy. 

E n t r e p r e n e u r s  

An e n t r e p r e n e u r  i s  d e f i n e d  as a person  who o m s  and manages h i s  

owii b u s i n e s s .  H e  may e s t a b l i s h  a technology-based v e n t u r e  by developing  

and commercial iz ing his own technology,  OK h e  may buy o r  1-lcense someone 

e l se ' s  technology f o r  comniercial izat ion purposes .  A s u c c e s s f u l  e n t r e -  

pre-neur must p o s s e s s  OK a c q u i r e  a v a r i e t y  of b u s i n e s s  ski1l .s  such as 

f i n a n c i n g ,  marke t ing ,  and b u s i n e s s  planning.  

S i n c e  i t  i s  t h e  n a t u r e  oE e n t r e p r e n e u r s  t o  m a i n t a i n  c o n t r o l ,  t h e i r  

b u s i n e s s e s  of t e n  remain sinall and a r e  designed t o  commerciali.ze a n  

e x i s t i n g  i n v e n t i o n  o r  i n n o v a t i o n  b u t  no t  t o  develop i t .  

On t h e  one hand, t h e  t e c h n o l o g i c a l  i-nnovator i s  b o t h  an  i n v e n t o r  

and i n n o v a t o r .  H e  has  s u f f i c i e n t  s c i e n t i f i c  background t o  develop new 

p r o d u c t s  and a s t r o n g  e n g i n e e r i n g  background whi-ch e n a b l e s  h i m  t o  apply  

and adapt  them i n  view of perce ived  market needs.  On t h e  o t h e r  hand, 



t h e  t e c h n o l o g i c a l  e n t r e p r e n e u r  i s  b o t h  a n  e n t r e p r e n e u r  and i n n o v a t o r .  

That is, h e  t y p i c a l l y  owns and o p e r a t e s  h i s  own b u s i n e s s  and has  an 

e a g f n e e r i n g  background. 

Technologica l  e n t r e p r e n e u r s ,  then ,  as p a r t i c i p a n t s  i n  t h e  innova- 

t i o n  p r o c e s s ,  are those. persons  who p e r c e i v e  the v a l u e  of an i n n o v a t i o n  

( r e g a r d l e s s  of who developed it) i n  t h e  marke tp lace  and have t h e  s k i l l s  

t o  commercial ize  i t .  

innmat.L.on irmi. the maz2katp?,acte .) 

and/or  s c i e n t i f i c  s k i l l s  a t  l e a i t  t o  generalle and d i r e c t  development 

and a p p l i c a t i o n  a c t h i t i e s  r e l a t e d  t o  t h e  priJduct or  p r o c e s s  ~ whi le  a t  

t h e  s a m e  tine p o s s e s s  s u f f i c i e n t  bus iness  s k i l l s  t o  commercial ize  t h e  

product  o r  process .  If h e  does not  p o s s e s s  t h e s e  s k i l l s  himsel-f ,  he 

w i l l  acknowledge h i s  need and buy t h e  service. 

b u s i n e s s  s k i l l s  t h a n  t e c h n i c a l  ones.  Although he may participate i n  

the i n i t i a l  s t a g e s  of t h e  i n n o v a t i o n  p r o c e s s ,  i t  is more l i k e l y  that h e  

w i l l  enter t h e  p r o c e s s  a t  midstream, inter f a c i n g  w i t h  a tec .hnologica1 

:innovator i n  the p r o c e s s  of reducing  t h e  i d e a  t o  p r a c t i c e ,  a s s e s s i n g  

t h e  market p o t e n t i a l .  f o r  t h e  i n n o v a t i o n ,  deve loping  t h e  business p l a n ,  

acqui . r ing  t h e  c a p i t a l ,  and es tab1i . sh ing  t h e  b u s i n e s s .  

~n a sense ,  -this prscin b r i d g e s  6hs gap hetwacn 

H e  must have s u f f i c i e n t  t e c h n o l o g i c a l  

Genera l ly ,  h e  has  more 

The l i t e r a t u r e  (Cooper 1 9 7 7 ,  Rober t s  1969) i n d i c a t e s  t h a t  techno- 

l o g i c a l  e n t r e p r e n e u r s  e x p e r i e n c e  a g r e a t e r  number of s u c c e s s e s  ~ w h i c h  

are o f t e n  of g r e a t e r  magnitude than. t h e  t y p i c a l  e n t r e p r e n e u r ' s .  The 

f a i l u r e  r a t e  of t e c h n o l o g i c a l  en t re .preneurs  is e s t i m a t e d  t o  b e  one- 

q u a r t e r  t h a t  o f  all e n t r e p r e n e u r s  d u r i n g  t h e  f i r s t  f i v e  y e a r s  of b u s i n e s s .  

T h e  lower f a i l u r e  rate i s  g e n e r a l l y  a t t r i b u t e d  t o  t h e  f a c t  t h a t  techno- 

l o g i c a l  e n t r e p r e n e u r s  have a sound e d u c a t i o n a l  background ( e i t h e r  i n  

b u s i n e s s  o r  i n  e n g i n e e r i n g ) ,  and, t h e r e f o r e ,  tend t o  p l a n  t h e i r  v e n t u r e s  

more ' c a r e f u l l y  and t o  engage i n  technology-or ien ted  b u s i n e s s e s  which 

grow more r a p i d l y  and have a h i g h e r  ra te  of r e t u r n .  

P a r t i c i p a n t s '  -_II_.--- S k i l l s  and --I_ Needs 

Bea r ing  i n  mind that the s t e p s  no ted  i n  F i g .  2 are g r o s s l y  d e f i n e d ,  

t h a t  t h e  p r o c e s s  i s  i n t e r a c t i v e  and dynamic bu t  is n o t  n e c e s s a r i l y  

l i n c a r ,  t h e  d i s c u s s i o n  of r e l a t i o n s h i p s  among a c t i v i t i e s ,  p a r t i c i p a n t s  
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and needs of p a r t i c i - p a n t s  are  impor tan t  t o  t h e  examinat ion of any 

e f f o r t  in tended  t o  s t i m u l a t e  innovat ion .  The p o i n t  emphasized by 

d e s c r i b i n g  t h e  p r o c e s s  i n  t h i s  way i s  t h a t  t h e  p a r t i c i p a n t s  and t h e  

s k i l l s  needed t o  b e  s u c c e s s f u l  i n  t h e i r  e f f o r t s  change throughout  t h e  

process .  That i s ,  b o t h  t h e  p a r t i c i - p a n t s  and t h e  s k i l l s  r e q u l r e d  t o  be 

s u c c e s s f u l  g e n e r a l l y  change i n  the  process  of conce iv ing ,  deve loping  

and commercial iz ing a technology.  Furthermore,  when t h e  technology i s  

ready  f o r  production/commercialization, t h e r e  i s  a "gray" area where 

s t e p s  ( e . g . ,  market s t r a t e g i . e s ,  b u s i n e s s  p lanning ,  and c a p i t a l  a e q u i s i -  

t i o n  e f f o r t s )  are  f r e q u e n t l y  r e p e a t e d .  This  ''gray'' area i s  i l l - d e f i n e d  

and d e s c r i b e d  by ex i -s t ing  r e s e a r c h ,  and t h e  prc-market and market 

segments are  o f t e n  t r e a t e d  as d i f f e r e n t  d i s c i p l i n e s  -- j u s t  as engineer -  

i n g  and b u s i n e s s  c u r r i c u l a  are maintained as  d i s t i n c t  d i s c i p l i n e s  i n  

most e d u c a t i o n a l  i n s t i t u t i o n s .  

Genera l ly ,  t h e  f i r s t  two s t e p s  i n  t h e  p r o c e s s  r e q u i r e  i n v e n t o r s /  

s m a l l  businessmen t o  have s c i e n t i f i c  and/or  e n g i n e e r i n g  e x p e r t i s e  

t o g e t h e r  w i t h  c a p i t a l  t o  perform the r e q u i r e d  r e s e a r c h  and development. 

Most o f t e n  a n  i n d i v i d u a l  i n v e n t o r  o r  s m a l l  businessman can "boot leg" 

r e s o u r c e s ,  u t i l i z i n g  e x i s t i n g  materials and s l a c k  r e s o u r c e s  t o  develop,  

e v a l u a t e  and c o n t i n u e  developing  an  i d e a .  However, about  t h e  t i m e  h e  

completes  development and moves toward commercial . ization, f u l l - s c a l e  

product ion  p r o t o t y p e s  must be b u i l t ,  b u s i n e s s  p l a n s  developed,  and 

c a p i t a l  a c q u i r e d  f o r  v e n t u r e  i n i t i a t i o n .  I n  s h o r t ,  g r e a t e r  and g r e a t e r  

r e s o u r c e s  are needed. And t h a t  i s  most o f t e n  t h e  t i m e  a t  which an  

i n d i v i d u a l  o r  s m a l l  businessman has  reached t h e  l i m i t  of h i s  r e s o u r c e s ,  

and perhaps t h e  l i m i t  of t h e  r e s o u r c e s  of t h o s e  who have been f i n a n c i n g  

him. 

Two t h i n g s  change as  an i n d i v i d u a l  o r  s m a l l  businessman e n t e r s  t h e  

gray" area between complet ion of t h e  t e c h n i c a l  work and i n i t i a t i o n  of 

a v e n t u r e  based on t h e  t e c h n i c a l  work: t h e  s o u r c e s  of c a p i - t a l  and t h e  

s k i l l s  r e q u i r e d  t o  pursue  t h e  p r o j e c t .  P e r s o n a l  assets, f r i e n d s ,  

and t h e  government may b e  major s o u r c e s  of c a p i t a l  f o r  r e s e a r c h  and 

e a r l y  development, b u t  as commerc ia l iza t ion  is approached more formal  

s o u r c e s  of c a p i t a l  ( e .  8. , bank, v e n t u r e  capifal .  o r g a n i z a t i o n s )  are used  

t I  
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t o  o b t a i n  s t a r t - u p  o r  expansion c a p i t a l .  A t  t h e  same t i m e ,  s k i l l s  

r e q u i r e d  t o  s u r v i v e  v e n t u r e  i n i t i a t i o n  change. Rather  t h a n  t e c h n i c a l  

s k i l l s ,  t h e  i n d i v i d u a l  needs b u s i n e s s  s k i l l s  t h a t  range  from f i n a n c i a l  

t o  market ing,  p lanning ,  l e g a l ,  and management s k i l l s ,  and he must be 

a b l ~  t o  demonst ra te  t h e s e  s k i l l s  i n  o r d e r  t o  a c q u i r e  c a p i t a l .  Thus, t h e  

t y p i c a l  deve loper  of a technology i s  f a c e d  w i t h  a new set of a s s o c i a t e s  

w i t h  whom h e  has d i f f i c u l t y  coriversing. Bankers,  v e n t u r e  c a p i t a l i s t s  

and o t h e r  s o u r c e s  of c a p i t a l  expec t  t o  d e a l  w i t h  an  exper ienced  manager 

of a growth-oriented company 01- w i t h  a l a r g e r  c o r p o r a t i o n  when, i n  f a c t ,  

they may be d e a l i n g  w i t h  a n  inexper ienced  e x t r e p r e n e u r  , an rxper ienced  

s m a l l  businessman, o r  an  i n d i v i d u a l  inventor/engineer/scientist. The 

i n d i v i d u a l  e x p e c t s  t h a t  h e  wi l : -  b e  a b l e  t o  s e l l  h i s  i d e a  t o  t h e  new 

s o u r c e s  of c a p i t a l  i n  the  same way he s o l d  them t o  h i s  f a m i l y  and 

f r i e n d s .  C l e a r l y ,  n e i t h e r  e x p e c t a t i o n  i s  r ea l i s t i c .  





EVALUATION APPROACH 

In under tak ing  an  e v a l u a t i o n  of any program des igned  t o  p r o v i d e  

services and s u p p o r t  t o  a popula t ion ,  t h e  de5; i re  1s p r e s e n t  t o  have an 

e v a l u n t i o n  s t r a t e g y  which u t i l i z e s  a r i g o r o u s  exper imenta l  r e s e a r c h  

d e s i g n  t o  e s t a b l i s h  c a u s a l  r e l a t i o n s h i p s .  E v a l u a t o r s  and p o l i t i c i a n s  

a l i k e  would l i k e  t o  re la te  t h e  a c t i o n s  of  t h e  program t o  t h e  perce ived  

changes i n  t h e  p o p u l a t i o n  i n  a c. iusal  manner. T h i s  d e s i r e ,  however, i s  

most o f t e n  u n r e a l i s t i c .  Such is  t h e  case when e v a l u a t i n g  t h e  Energy- 

R e l a t e d  I n v e n t i o n s  Program. 

An exper imenta l  des ign  w a s  r u l e d  o u t  f o r  several reasons .  First, 

random assignment  t o  t h e  program i s  n o t  p o s s i b l e :  t h e  program was 

a l r e a d y  underway w h e n  t h i s  e v a l u s t i o n  e f f o r t  began,  and i t  i s  obvious ly  

a d m i n i s t r a t i v e l y  unacceptab le  t o  al ter i t s  o p e r a t i o n  f o r  random assign-  

ment of g r a n t s  t o  program a p p l i c a n t s  now. Yn a d d i t i o n ,  t h e  t a s k  of 

i d e n t i f y i n g  a comparable c o n t r o l  group i s  d i f f i c u l t ,  g iven  the number of 

v a r i a b l e s  which can b e  used t o  d i s t i n g u i s h  one s u b s e t  O F  t h e  p a r t i c i p a n t /  

technology p o p u l a t i o n  from a n o t h x  ( e .  g. e d u c a t i o n ,  e x p e r i e n c e / s t a g e  of 

development,  t y p e  of technology) .  F i n a l l y ,  i n v e n t o r s  and small b u s i n e s s e s  

f u n c t i o n  w i t h i n  a dynamic environment where many f a c t o r s  may affect t h e  

d e c i s i o n s  which t h e  inventor  makes o r  t h e  p r o g r e s s  of t h e  technology 

toward commercial izat ion.  I d e n t i f y i n g  and s e p a r a t i n g  t h e s e  f a c t o r s  from 

t h e  e f f e c t  of t h e  program is  i n  many i n s t a n c e s  n o t  p o s s i b l e .  

The i n a b i l i t y  t o  u t i l i z e  an e x p e r i m e n t a l  d e s i g n  does n o t  r u l e  o u t  

A sample survey  s’s c l e a r l y  a q u a n t i t a t i v e  approach t o  t h e  e v a l u a t i o n .  

one o p t i o n  open t o  t h e  e v a l u a t o r s .  

t h i s  a l t e r n a t i v e  was n o t  considered an o p t i m a l  f i r s t  c h o i c e ,  however, 

i n  t h e  E R I P  e v a l u a t i o n .  Two important  f a c t o r s  i n  t h e  decis imi  a g a i n s t  

a survey  w e r e  t h e  t i m e  r e q u i r e d  t o  complete  t h e  survey  ( e s t i m a t e d  a t  

o v e r  a y e a r )  and t h e  amount of money. These f a c t o r s  w e r e  of g r e a t e s t  

concern t o  t h e  program managers who needed t u  obtain in for ina t ion  i n  a 

t i m e l y  Fashion a t  minimal c o s t  i n  o r d e r  t o  modify t h e  program, 

a d d i t i o n ,  t h e  e v a l u a t i o n  team f e l t  that more i n fo rma t ion  was needed on 

t h e  c h a r a c t e r i s t i c s  of t h e  t a r g e t  p o p u l a t i o n  b e f o r e  a survey  could be 

There wei -e  several r e a s o n s  why 

Ym 
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used e f f e c t i v e l y .  The  tea^ a l so  recognized t h a t  t h e  program had been 

i n  rxistence n r e l a t i v e l y  s h o r t  per iod  o f  tihe f r o m  t h e  p e r s p e c t i v e  of 

dp_%-i.:iing i t s  impact 011 the  innovat ion  process ,  and t h a t  any survey 

resiilts at t h i s  t i m e  wo1nl.d be pre l iminary .  For t h e s e  reasoris t h e  

e v a l u a t i o n  p l a n  w a s  d e s i g n e d  u s i n g  i n i t i a l l y  a qua1i ta t : ive r a t h e r  than  

q u a n t i t a t i v e  approach, and case s t u d i e s  of  30 g r a n t e e s  w e r e  undertaken.  

These case s t u d i e s  are t o  h e  supplemented l a t e r ,  u s i n g  a v a r i e t y  of  

r e s e a r c h  techniques  (Grad, M. I,. and J. Balpern,  1980) .  k 

Case S t u d i e s  

The case studies e x p l o r e  t h e  c h a r a c t e r i s t i c s ,  p e r c e p t i o n s ,  and 

e x p e r i e n c e  o f  i n v e n t o r s  and agen-cy p c ? - r r ~ ~ ~ i n e l  who have p a r t i c i p a t e d  i n  

t h e  ERIP  process .  The case s t u d i e s  address  three broad program evalu- 

a t i o n  i s s u e s :  

8 t h e  t a r g e t  audience ,  

8 t h e  program s e r v i c e s / o p e r a t i o n ,  and 

Q t h e  outcomes ati.r%buf:ed t o  t h e  program. 

G i v e n  the lirni.tations of the s a m p l e  -.-- i t s  s i z e  and composi t ion - t h e  

concl-usions are  necessari.1.y pre l iminzry .  However, t h e  d a t a  from t h e s e  

cases do p r o v i d e  R s o l i d  f o u n d a t i o n  on which t o  buiJ.d hypotheses  about 

tihe o p e r a t i o n s  and u t i l i t y  of t h e  program. Moreover, they suggest: a 

v a r t e t y  of avenues of r e s e a r c h  which need t o  be pursued n o t  on ly  for 

e v a l u a t i n g  the program b u t  f o r  unders tanding  t h e  needs of t h e  i n d i v i d u a l ,  

non-corporate  h v e n t o r .  'This l a t t e r  informat ion  is an  impor tan t ,  i f  

secondary,  r e s u l t  of the evnl.uation. 

.......__ ^. ~ * 
F u t u r e  eval .uat ion r e s e a r c h  w i l l  b u i l d  on t h e  c a s e  s t u d i e s  e 

Further case s t u d i e s  of gra~i tees  are p lanned ,  as w e l l  as  a survey  of 
t h o s e  r e j e c t e d  f.rom t h e  program. In a d d i t i o n ,  e x p e r t s  from t h e  p r i v a t e  
s e c t o r  are be ing  c o n s u l t e d  through a series of workshops t o  e x p l o r e  
f u r t h e r  t h e  r o l e  which t h e  E R I P  program has  been playing  in  t h e  innova- 
tion p r o c e s s  and t o  develop p o s s i b l e  changes i n  the o p e r a t i o n  of the 
program. F i n a l l y ,  i n d i v i d u a l  members of the evaluat:i.on team will 
develop issue papers  on t o p i c s  r e l a t e d  t o  t h e  i n v e n t o r  o r  s m a l l  b u s i n e s s  
p o s i t i o n  i n  t h e  p r i v a t e  s e c t o r  and t h e  r o l e  of government i n  promoting 
i n n o v a t i o n  i .n t1ii.s s e c t o r .  
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To deve lop  t h e  cases analyzed i n  t h i s  volume, a team of c o n s u l t a n t s  

w i t h  e x p e r t i s e  i n  e v a l u a t i o n ,  e n t r e p r e n e u r s h i p ,  v e n t u r e  f i n a n c i n g ,  eco- 

nomics,  i n v e n t i o n  and innovat io , i ,  and s m a l l  b u s i n e s s  development w a s  

r e c r u i t e d  t o  conduct t h e  f i e l d  v o r k  and write t h e  cases. Each consul. tant 

w a s  r e s p o n s i b l e  f o r  t h r e e  case s t u d i e s  and was expec ted  t o  c o n t r i b u t e  a 

unique  p e r s p e c t i v e  t o  t h e  o v e r a l l  e v a l u a t i o n  g i v e n  h i s / h e r  e x p e r t i s e  on 

t h e  i n n o v a t i o n  process .  Because of t h e  t i m e  and budget  c o n s t r a i n t s  on 

t h i s  p r o j e c t ,  o t h e r  i n d i v i d u a l s  w i t h  v a r i o u s  areas of e x p e r t i s e  were 
added t o  t h e  b a s i c  e v a l u a t i o n  team. 

Sample S e l e c t i o n  

The l i s t  of p o t e n t i a l  i n t e r v i e w e e s  f o r  t h e  case s t u d i e s  w a s  

developed (see Table  1 )  c o o p e r a t i v e l y  by t h e  ERIP p e r s o n n e l  and t h e  

e v a l u a t i o n  t e a m .  The u n i v e r s e  o i  t h e  1 9 1  g r a n t e e s  w a s  d i v e r s e  w i t h  

r e s p e c t  t o  t y p e  of technology,  s t a g e  of development of t h e  technology,  

t i m e  of e n t r y  i n t o  t h e  program, g e o g r a p h i c a l  l o c a t i o n ,  and s u c c e s s  i n  
t h e  program. The sample w a s  s e l e c t e d  p r i m a r i l y  on t h e  b a s i s  of t i m e ,  

budget ,  and geographic  c o n s t r a i n t s .  However, a n  e f f o r t  was made t o  

s e l e c t  a number of  p r o j e c t s  determined t o  be s u c c e s s f u l  by t h e  program 

o f f i c e r s  e q u a l  t o  t h e  number b e l i e v e d  t o  be u n s u c c e s s f u l .  N o  s p e c i f i c  

c r i te r ia  w e r e  e s t a b l i s h e d  t o  d e t e r m i n e  "success";  r a t h e r ,  t h e  o p i n i o n  

of t h e  program o f f i c e r  w a s  sought  concern ing  t h e  e x t e n t  t o  which he 

b e l i e v e d  t h e  p r o j e c t  s u c c e s s f u l .  

O f  t h e  1 9 1  p a r t i c i p a n t s  recommended t o  DOE f o r  funding by September 

1981, 30 cases were f i n a l l y  s e l e c t e d  f o r  in-depth s tudy .  Of t h e  30 cases, 

29 had r e c e i v e d  funding  and one had not .  The e x c e p t i o n  w a s  Case 8 7 2 ,  

Agar, who submi t ted  h i s  i n v e n t i o n  f o r  e v a l u a t i o n  i n  1976 and s o l d  h i s  

company t o  Redland Automation i n  May 1979.  Redland d i d  n o t  want t o  

p u r s u e  t h e  development of t h e  i n v e n t i o n s  and r e f u s e d  t h e  DOE g r a n t .  O f  

t h e  29 funded cases, 27 had completed t h e i r  g r a n t - r e l a t e d  work w i t h  D O E ,  

and two w e r e  s t i l l  i n  p r o g r e s s  a t  t h e  t i m e  of t h e  i n t e r v i e w .  The 

29 funded p r o j e c t s  r e p r e s e n t  an average  investment  of  approximate ly  

$85,000 p e r  case; only  e i g h t  p r o j e c t s  r e c e i v e d  o v e r  $100,000 i n  funding.  
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Grant<,< Project title Level of funding 

Agar (72)” 

Arthur (47) 

Hagby (9 1) 
Bauni (86) 

Ben-Shniuel (66) 

Chili (98) 

Croiirwcil (108) 

f>OFniei ( 5 6 )  

Durbin (69) 

Engdahl (31) 

Fitiercr ( 18) 

how:er (45) 

Gordon (99) 

Hasp& (111) 
Jabhi (75) 

Jonts (27) 

Karlson ( 104) 
Kennick ( IC9)  

Mahalia (64) 

Mzrks (9) 

Mattson ( 1  17) 

Noms (21) 

Parker (43) 

Rcss (76) 

Sachs (73) 

Secuda  (4) 
spd3c: (7) 

waod (53) 

Wahnnan (79) 

/ inn  (100)  

Iitilization of Waste Gas for Boilers and Furnaces in Refineries 
and Pctrmhernical Plants 

Wastewater Aeration Power Control Device 
Bagby Brattice, Highly Flexible Mine ’Tmnel Wall 

Cote Desulfurization Frocess 
Heat Extractor Demonstration 
Process Development to Conscrve Energy and Material by Cold-Working, 

Roll-Forming, and Stamping Lcaded Bronze Plates and Strips to 
Manufacture Bearings and Bushings 

Recovery of Aluminum Metat from Aluminurn Dross 

Ficxafla-The Wct Fucl Dryer 

Ionic Fuel Control for thc Internal Combustion Engine 
Chemica.1 Vapor Deposited (CVD) Ccramics h-bifie Rotor 
The Control of the Analysis of Low-Carbon Aluminum Steel 

Using Oxygen Sensors and Iron-Aluminuiii Alloy 

Bulk-Cure Tobacco-Barn Demonstration Program 
Light-Weight Composite Tiaiier Tubes 
IIaspc:nt Mining Systenrs 
Coke-Quenching Steam Gcncrator 
Waste Heat IJtilization for Commercial Cooking Equipillcnt 
Low Goirtinvous E o e r ~ y  Mass Separation System 
Hydrostatic Pressirrization of Pre-Rigor Red Meat 
The Mahalla Process: A Hydioinetallurgicd Method for Extracting Copper 

I#cat/Elcctric Povw Convcision via Charged herosols 

Solar Spm Prism Trap 
Waste Oil Utilization Systm; 

‘Thermal Gradient Utilization Cycle 
TCh: Ross Furnace for Expanding Perlite and Other Materials 
Integrated Concrete Technologies 
lhexon Dehydration Process 

Hydraulically Powered Food Waste Disposal Device 

Ablative Oil Well Bit beet 
Eldon Dircct-Fired Gas Heating System 
SoiaRoIl, A Solar Collector Construction System 

N/A 

$ 58,200 

62,664 

82,500 

125,000 

123,994 

158,029 

81,051 

11 1,220 

125,000 

99,000 

54,980 

96.000 

125,000 

1 19,400 

65,000 

83,015 

86,000 

88,933 

50,000 

98,700 

50,000 

40,000 

82, I 50 

87,230 

48,000 
28,000 

57,150 

12,600 

110,390 



The cases w e r e  g e o g r x p h i c d l y  d i s p e r s e d  : 

0 1 2  i n  t h e  N o r t h e a s t  snd Atlantic s ta tes  (New York, New Q;d r~ey ,  

9 4 i n  the  Southwest (Texas, Arizona);  

* 5 i n  t he  S o u t h  (Louis iana ,  North Carolina, Kentucky, Tennessee) ; 

@ 3 i n  t h e  Midwcst (Michigan, Wisconsin, O h i o ) ;  and 

@ 6 i n  t h e  West (Oregon, C a l i f o r n i a ) .  

Massachuse t t s ,  Pennsylvania ,  V i r g i n i a ) ;  

Some of t h e  cases are e a r l y  a p p l i c a n t s  t o  t h e  prugran, w h i l e  others 

a p p l i e d  la te :  6 a p p l i e d  i n  1 9 7 5 ,  5 i n  1976,  13  i n  1977 ,  and 5 i o  1978.  

l___._l_ D a t , i  C o l l e c t i o n  

Data f o r  t:%iis e v a l u a t i o n  were collecte-d from a n i m b e ~  of sources, 

These s o u r c e s  i n c l u d e  fil.es on submi t ted  :i.nventions main ta ined  a$ NBS 

and DOE, d i s c u s s i o n s  w i t h  DOE atid NBS program p e r s o n n e l  r e spons ib l e  f o r  

review and support of the various i n v e n t i o n s  ~ and onsite intervi.ews w i t h  

a sample of g r a n t e e s .  

A f t e r  sct:lecting the cases and r e c r u . i t i n g  t h e  n e c e s s a r y  consrll-tants , 
a b r i e f i n g  meet ing w a s  he ld  in Septenber 1981 t o  a c q u a i n t  the consui . tants  

w i t h  t h e  program and e v a l u a t i o n  d a t a  r e q u i r e m e n t s  and t o  d i s t r i b u t e  an 

i n t e r v i e w  p r o t o c o l .  I n t e r v i e w s  were conducted d u r i n g  September and 

October.  By t h e  f i r s t  week. i n  November t h e  cases w e r e  completed and 

a d e b - r i e f i n g  meet ing w a s  h e l d .  'This m e e t i n g ' s  p u r p u s e  w a s  t o  dlseuss 

ind iv- idua l  cases as well as  g e n e r a l  resul ts  of t h e  f i e l d  work, problems 

ident : i . f ied d u r i n g  the f ie ld  work, and program and p o l i c y  -Issues t h a t  

emerged from the data,  

The i n t e r v i e w s  w e r e  c.onducted w i . t h  the g r a n t  r e c i p i e n t .  I n  24 o f  

t h e  cases t h e  g r a n t e e  was the i n v e n t o r  o f  the technology. In  s i x  cases, 

the grantee and the i n v e n t o r  w e r e  d i f f e r e n t  peop1.e or there was a j o i n t  

a p p l i c a t i o n .  In most cases where someone o t h e r  t han  the i n v e n t o r  rece ived  

s u p p o r t ,  b o t h  t h e  i n v e n t o r  and t h e  g r a n t e e  wexi: i n t e r v i e w e d .  (See  case 

s t u d i e s  f o r  Dornier ,  Engdahl,  Gordon, Mahal la ,  Eaum, and Secunda.) This  

procedure  w a s  fol lowed i n  o r d e r  t o  provi.de as f u l l  a p i c t u r e  as p o s s i b l e  

of t h e  technology,  i t s  problems, and t h e  impact of E R I P .  
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I n t e r v i e w s  w i t h  g r a n t e e s  and program personnel  were guided by 

open-ended i n t e r v i e w  p r o t o c o l s .  

t o  provide  informat ion  on t h e  f o l l o w i n g :  

The g r a n t e e  i n t e r v i e w s  were s t r u c t u r e d  

background of t h e  g r a n t e e ,  

Q development of the i n v e n t i o n  p r i o r  t o  ERIP c o n t a c t ,  
-a t h e  i n v e n t o r ' s  e x p e r i e n c e s  w i t h  ERIP, 

t he  c u r r e n t  s t a t u s  of t h e  p r o j e c t ,  

0 outcomes of t h e  ERIP e x p e r i e n c e  ( t a n g i b l e  and i n t a n g i b l e ) ,  and 

a i d e n t i f i - c a t i o n  of s p e c i f i c  o p e r a t i o n a l  and p o l i c y  i s s u e s  of  
concern  t o  EKLP. 

The fo l lowing  i s s u e s  were explored  i n  d i s c u s s i o n s  w i t h  program 

personnel  : 

s e r v i c e s  - 

t h o s e  t h e  p r o j e c t  o f f i c e r  f e e l s  were needed by t h e  g r a n t e e  

those services provided  v i a  t h e  award staterrient of work 

89 problems encountered d u r i n g  t h e  p r o j e c t  per iod  -.. 

r e l a t e d  t o  t h e  g r a n t e e  

r e l a t e d  t o  t h e  s t a t e m e n t  of work 

r e l a t e d  t o  t h e  agency 

@ outcomes of t h e  p r o j e c t  ...- 

t a n g i b l e  

i n  t ang i h l e  

* i s s u e s  of concern --- 

o p ern t i on3 1 

p o l i c y  

Data Analysis- .._I..- 

I n  S e c t i o n  I1 (:he d a t a  from t h e  cases are aggrega ted  and organized  

t o  p r o v i d e  i n s i g h t  i n t o  how t h e  program is  f u l f i l l i n g  i t s  mandate and t o  

what e x t e n t  the  r e s u l t s  i n d i c a t e  i t s  e f f e c t i v e n e s s .  S p e c i f i c a l l y  t h e  

d a t a  a r e  organized  around (1) t h e  c h a r a c t e r i s t i c s  of t h e  t a r g e t  audience 

( i . e . ,  t h e  g r a n t e e  and t h e  technology) ,  ( 2 )  a d e s c r i p t i o n  of t h e  program 



1 9  

s e r v i c e s / o p e r a t i o n  ( i . e e 9  the grantee's e x p e r i e n c e  with atid assca_ssment 

of t h e  ERTP) , and (3) the tangible  and i n t a n g i b l e  outcomes o f  the pmjec@s,  

This  Informal: i o n  is  used t o  address  s p e c i f i c  evaluation q u e s t i o n s  a 

Target audience  : 

What is  t h e  mandated t a r g e t  audience? 

Is t h e  program r e a c h i n s  t h e  mandated target. audience? 

Program servi.cgslopera;iion: 

What services are mandared? 

What services are provided - mandated and others? 

HQW does t h e  program operate ,  and is i t  an effect3ve ~ecbiq i l ie  
f o r  d e l i v e r i n g  mandated serv ices? 

Outcomes of t h e  program: 

What are the tangible and i n t a n g i b l e  outcomes of the program? 

To what e x t e n t  are t h e  a n t i c i p a t e d  outcomes achieved? 

In S e c t i o n  IIT, program/poliey issues that emerged from the  cases 

are discussed. These issues are looked at more broadly  to eva lua te  the 

r o l e  which ERE? I s  p l a y i n g  i n  t h e  i n n o v a t i o n  process .  W I k  &fie d isc~as-  

sFon draws heavi ly  on the data in Lhe case s t u d i e s ,  t h e  experience and 

expert ise  of the e v a l u a t i o n  team m m b e r s  with rhe dynamics of rhe inno- 

vation p r o c e s s  are r e f l e c t e d  i n  the. i n t e r p r e t a t i s n .  





SECTION 11: THE ENERGY-RELATED INVENTIONS PROGKAM AND 
EVALUATION RESULTS 





DESCRIPTION OF THE PROGRAM 

With the passage of the Feaeral Non-Nuclear Energy Research and 

Development Act of 1974, the U . E .  Congress directed ERDA to initiate a 

program to evaluate "all promising energy-related inventions, particularly 

those submitted by individual inventors and small companies for the 

purpose of obtaining direct grants from ERDA." 

Statement of the Committee of Conference, Congress further directed NSS 

" to  keep ERDA currently advised of promising inventions that should be 

considered f o r  inclusion in the energy research, development, and demon- 

stration programs." Eligible inventions were defined in P.L. 93-57? 

as "any invention which may be used to conserve energy, provide a new 

source of energy or improve a method of harnessing known or discovered 

energy supplies except nuclear energy.'' 

In the Joint Explanatory 

A s  a result of this legislation, a new Federal program designed to 

stimulate invention and innovation in the private sector was formed. 

The program is relatively small with an annual budget of $5-6 million. 

The important characteristics o f  the program are: 

0 a target audience limited t o  individual inventors and small 
businesses with energy-related inventions, 

e a broad definition of invention which permits consideration 
of innovations as well as inventions, 

e acceptance of technolo.:ies at any stage in the RSLD process 
except "idea generatioq" and "full commercialization, 'I 

in-depth evaluation of the intrinsic technical merit of 
invent ions , 

small amorints of money to move a grantee one step toward 
commercialization, 

0 one-time-only funding, and 

- - ~  I_ * 
The legislative history of the program indicates that its development 

was a consequence of a perceived need by Congressmen who found themselves 
inundated with requests from inventors with ideas to solve the energy 
problems confronting the U.S. 

23 
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0 j o i n t  o p e r a t i o n  by two f e d e r a l  a g e n c i e s .  

ERIP Goals and .... O b j c c t i v e s  ~- ... 

The o v e r a l l  ERLP g o a l s  a r e  t o  s t i m u l a t e  innovar ion  by i n d i v i d u a l s  

and s m a l l  b u s i n e s s e s  i n  t h e  f i e l d  of  energy-re la ted  p r o d u c t s / p r o c e s s e s  

and t o  assist s e l e c t c d  i n d i v i d u a l  i n v e n t o r s  o r  s m a l l  b u s i n e s s r s  i n  

deve loping  promising energy-re la ted  i n v e n t i o n s  f o r  e v e n t u a l  commerciali-  

z a t i o n .  To accomplish t h i s  g o a l ,  Pnch agency has  i d e n t i f i e d  a see o f  

o b j e c t i v e s .  For NBS, t h e  o b j e c t i v e s  arc:  

0 t o  p r o v i d e  a p p r o p r i a t e  s e r v i c e s  t o  a l l  i n d i v i d u a l s  and small 
b u s i n e s s e s  who submit energy-re la ted  i n v e n t i o n s ,  

88 t o  improve t h e  q u a l i t y  of submissions by r e a c h i n g  i n v e n t o r s  
w i t h  more r e l e v a n t  e d u c a t i o n  and e x p e r i e n c e ,  

@ Lo respond t o  r e q u e s t s  f o r  icxchnical e v a l u a t i o n  i n  a t i m e l y  
f a s h i o n  and,  when a p p r o p r i a t e  and p o s s i b l e ,  t o  redvcc t h e  “Limes 
c u r r e n t l y  r e q u i r e d  ( i n  A p r i l ,  1980) t o  e v a l u a t e  e n e r g y - r e l a t e d  
i n v e n t  i o n s ,  and 

Q t o  correct1.y e v a l u a t e  t h e  t e c h n i c a l  merits of submi t ted  
energy-re la ted  i n v e n t i o n s .  

For the DOE, t h e  o b j e c t i v e s  are:  

ta t o  develop w i t h  each recommended a p p l i c a n t  a mutual ly  a c c e p t a b l e  
c o u r s e  of a c t i o n ,  w i t h  f e d e r a l  a s s i s t a n c e  as a next  s t e p  i n  
deve loping  t h e  i n v e n t i o n ,  

t o  encourage and assist each a p p l i c a n t  i ~ i  p lanning  follow-on 
a c t i o n  when f e d e r a l  a s s i s t a n c e  i s  completed,  and 

@ t o  reduce  t h e  t i m e  r e q u i r e d  t o  provide  f e d e r a l  a s s i s t a n c e  t o  
a p p l i c a n t s  t o  n o t  more t h a n  s i x  months from t h e  r ece ip t  of a 
recommendation by NBS. 

I f  t h e  above o b j e c l i v e s  are  achieved ,  i t  i s  a n t i c i p a t e d  t h a t  i n v e n t o r s  

r e c e i v i n g  f e d e r a l  a s s i s t a n c e  w i l l  b e  a b l e  t o  do one o r  more of t h e  

fo l lowing:  

@ compete e f f e c t i v e l y  i n  o b t a i n i n g  c o n t r a c t s  from o t h e r  s o u r c e s ,  
h c l u d i n g  e x i s t i n g  p u b l i c  programs, s o  as i o  p e r m i t  f u r t h e r  
development o f  t h e  i n v e n t i o n ,  
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assemble,  w i t h  some conf idence  of s u c c e s s ,  t h e  people  and c a p i t a l  
n e c e s s a r y  t o  product and m a r k p t  t h e  i c v e n t i  on through a b u s i n e s s  
e n t e r p r i s e  i n  which t h e  i n v e n t o r  i s  a major p a r t i c j p a n t ,  and 

0 n e g o t i a t e  mutua l ly  b e n e f i c i a l  arrangements  w i t h  an e x i s t i n g  
company t o  devel-op t h e  i n v e n t i o n  f o r  commerc ia l i sa t ion .  

The program p l a n  r e s u l t e d  :in t h e  ERIP being j o i n t l y  o p e r a t e d  by t h e  

O f f i c e  of Energy-Relat.ed I n v e n t i o n s  (OERT) a t  NBS and t h e  I n v e n t i o n s  

Support  D i v i s i o n  (I-SU) a t  ERDA ( F e d e r a l  R e g i k t e r ,  June  6, 1.975).  NBS 

e v a l u a t e s  a l l  submi t ted  i n v e n t i o n s  and recommends t o  DOE t h o s e  i n v e n t i o n s  

consi’dered r e l e w a n t ,  f e a s i b l e ,  and having i n t r i n s i c  t e c h n i c a l  m e r i t .  DOE 

rev iews  all- rec.ornmended i n v e n t i o n s  t o  determine  i f  f e d e r a l  a s s i s t a n c e  

ean be g r a n t e d ,  n e g o t i a t e s  the terms and. c o n d i t i o n s  of each p r o j e c . t ,  and 

a d m i n i s t e r s  a g r a n t  award. 

National.  Bureau of S t a n d a r d s  
II_ --- 1 1 ~ - -  

S i n c e  i t s  i n c e p t i o n ,  t h e  O f f i c e  of Energy-Related I n v e n t i o n s  a t  NRS 

ha.s been headed by George T x w e t t  and bas remained wi th in  t h e  same d i v i s i o n  

of NUS. Duri.ng the seven  y e a r s  J €  opera t i -on  the s t a f f  s i z e  h a s  f l u c . t u a t e d  

between 1 5  (1975) and 28 (1980) e A t  p r e s e n t ,  2 1  f u l l - t i m e - e q u i v a l e n t  

perfjO%PS are. empI.oyed by t h e  offi.~.:.~!. O f  these, t e n  are  a d m i n i s t r a t i v e  

pei:soonel. ~ e i g h t  are  e v a l u a t o r s ,  and t h r e e  ; a r e  e v a l u a t i o n  s u p p o r t  persons,  

Tn a d d i t i o n ,  NBS has a n  a c t i v e  l ist  of o u t s i d e  e v a l u a t o r s  c o n s i s t i n g  of 

p e r s o n n e l  from seven  c o n t r a c t  fi:cms, 13 government a g e n c i e s ,  and 240 

i n d i v i d u a l  c o n s u l t a n t s  (of whom :L50 are  u n i v e r s i t y  p r o f e s s o r s ) .  

The budget f o r  NBS h a s  ranged between $1,500,000 (1975) and 

$2,500,000 (1980). Approximately 45% of  t h e  budget is used f o r  e v a l u a t i o n s ,  

3.5% f o r  o p e r a t i o n s ,  and 20% f o r  :;upplementary a c t i v i t i . e s .  These a c t i v i t i e s  

inc1ud.e program development and suppor t  as we1.I  3s special. e f f o r t s  t o  

improve t h e  q u a l i t y  of subm:i.ssions by sponsor ing  t h e  N a t i o n a l  Innovat ion  

I J o ~ I G ~ o ~  series, Inventor I n f o r m a t  i.on Re.source Centers, and t h e  format:i.on 

o f  the Nat ional .  Congress of I n v e n t o r  O r g a n i z a t i o n s ,  

Liequests f o r  e v a l u a t i o n s  w e r e  r e c e i v e d  a:; soon as t h e  f e d e r a l  Non- 

Nuc.I.ear Energy Research and DeveJ.opment A c t  w a s  pas sed  by Congress i n  1 9 7 4 .  
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1975, when b o t h  t h e  NBS and DOE o f f i c e s  had been e s t a b l i s h e d ,  more t h a n  

100 r e q u e s t s  were a w a i t i n g  e v a l u a t i o n .  A s  of September 1981, NRS had 

r e c e i v e d  and processed  over  17,489 a p p l i c a t i o n s ;  of t h e s e ,  1 9 1  i n v e n t i o n s  

had been recommended t o  DOE l o r  funding  ( s e e  F ig .  3 ) .  

The NBS e v a l u a t i o n  p r o c e s s  c o n s i s t s  of f o u r  b a s i c  s t e p s :  

0 d i s c l o s u r e  review a n a l y s i s  (DRA), 

@ f i r s L - s t a g e  e v a l u a t i o n ,  

0, second-stage e v a l u a t i o n ,  and 

* recomnendation t o  DOE. 

These s t e p s  are d i s c u s s e d  on t h e  fol-Jwing page and t..e p r o c e s s  i s  

diagrammed i n  F i g .  3 .  

____- D i s c l o s u r e  R e v i e w  A n a l y s i s .  The p r o c e s s  € o r  s u b m i t t i n g  a n  h v e n t i o n  

f o r  c o n s i d e r a t i o n  by E R I P  b e g i n s  w i t h  t h e  i n v e n t o r  complet ing and s i g n i n g  

NBS Form 1019 and p r o v i d i n g  an  i n v e n t i o n  d i s c l o s u r e .  

r e q u e s t s  d a t a  r e g a r d i n g  t h e  s o u r c e  of  t h e  i n v e n t i o n  and c o n t a i n s  a 

Memorandum of Understanding s e t t i n g  f o r t h  t h e  c o n d i t i o n s  under which 

NBS a c c e p t s  a n  i n v e n t i o n  f o r  e v a l u a t i o n  (Federal Regis.ter, O c t .  1, 1974) .  

NBS Form 1019 

Upon submission of t h e  completed forms, NBS reviews t h e  i n v e n t i o n  

d i s c l o s u r e  t o  determini? whether ERIP  requi rements  have been m e t .  Sub- 

miss ions  which w i l l  n o t  be cons idered  f o r  e v a l u a t i o n  i n c l u d e :  

non-energy-related i n v e n t i o n s ,  

nuc lear -energy-re la ted  i n v e n t i o n s ,  

p r o p o s a l s  t o  i n v e n t  something where a n  i d e a ,  a product ,  o r  
a p r o c e s s  p r e s e n t l y  does  n o t  e x i s t ,  

t h o s e  w i t h  i n s u f f i c i e n t  t e c h n i c a l  depth  o r  d e t a i l ,  

p e r p e t u a l  motion machines and t h o s e  w i t h  obvious t e c h n i c a l  f l a w s ,  

t h o s e  r e q u i r i n g  e x c e s s i v e  f e a s i b i l i t y  a n a l y s i s ,  and 

t h o s e  w i t h  u n i n t e l - l i g i b l e  d i s c l o s u r e s  o r  o t h e r  communication 
problems. 



OANL-OWG 82-19007 

EVALUATK3W REQUESTS RECEIVED: 

COMPLETED INITIAL 17489 IN PROCESS OF 
DISCLOSURE REVIEW: DISCLOSURE REVIEW 

NOT ACCEPTED / '7466 \ 
23 

FOR EVALUATION ACCEPTED FOR EVALUATION 
8878 l- 68%) 

J AWAITING 

8788 

COMPLETED FIRST- 

247 

REJECTED AT FIRST- / \ CANDIDATES FOR SECOND- 
STAGE EVALUATION: STAGE EVALUATION 

7723 

29 

COMPLETED SECOND- 
STAG€ EVALUATION 

827 

REJECTED AT SECONO- 
STAGE EVALUATION. 

436 

TOTAL DECIWONS 
(REJECT OR RECOMMEND): 

17138 

EVALUATION: EVALUATION 
52 0 

RECOMMENDED 
TO DOE: 

191 (-30%) 

EXPECTED PERCENTAGE OF RECOMMENDATIONS 
-50% X -8% X-30% =-1.2% 

Fig. 3. Cumulative f l o w  statistics as of September 1981. Source: U.S. Department of Commerce, 
National  Bureau of Standards, Status Report or, the Efiergy-Related Inventions Program as o f  
Septembeza 30,  2981. 
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T e c h n i c a l l y  f e a s i b l e  submissions cons idered  t o  f a l l  w i t h i n  t h e  scope 

of t h e  program are forwarded f o r  f i r s t - s t a g e  evaluat . ion.  I n v e n t i o n s  

i d e n t i f i e d  as having p a r t i c u l a r  promise may b e  expedi ted  by s k i p p i n g  

s t a g e s  i n  the e v a l u a t i o n  process .  Others  t h a t  have promise and are  out- 

s i d e  of t h e  scope of t h e  program may b e  r e f e r r e d  t o  a p p r o p r i a t e  a g e n c i e s .  

F i r s t - S t a g e  Evalua t ion .  F i r s t - s t a g e  e v a l u a t i o n  c o n s i s t s  of a ser ies  

oE b r i e f  assessments  of t h e  i n v e n t i o n ' s  t e c h n i c a l  m e r i t  and, t o  a l i m i t e d  

e x t e n t ,  i t s  p o t e n t i a l  f o r  commerc ia l iza t ion /u t i l i za t ion .  A t  any p o i n t  i n  

t h e  series a d e c i s i o n  may b e  made t o  re ject  t h e  i n v e n t i o n  o r  t o  forward 

i t  i n t o  second-stage e v a l u a t i o n  as t rpromis ing ,"  g iven  t h e  fol.lowing 

c r i t e r i a  f o r  e v a l u a t i o n .  

p o t e n t i a l  f o r  energy c o n s e r v a t i o n ,  u t i l i z a t i o n ,  or p r o d u c t i o n ,  

t e c h n i c a l  f e a s i b i l i t y ,  and 

@ p o t e n t i a l  f o r  commercial.i.zat i o n / u t i l i z a t i o n .  

Assessments o r  reviews are conducted by one of seven f i r m s  

spec  i f  i c a1 

i n d  i v i d  u a l  

t h e  review 

Q, 

y c o n t r a c t e d  t o  perform f i r s t - s t a g e  e v a l u a t i o n s ,  o r  by a n  

vendor w i t h  a p p r o p r i a t e  t e c h n i c a l  e x p e r t  ise I* Upon r e c e i v i n g  

r e s u l t s ,  a n  NBS s t a f f  e v a l u a t o r  reviews t h e  f i l e  and detepmines:  

f t h e  i n v e n t i o n  should receive a n o t h e r  f i - r s t - s t a g e  assessment ,  

@ if t h e  i n v e n t i o n  should be r e j e c t e d ,  o r  

@ i f  t h e  i n v e n t i o n  should be forwarded i n t o  in-depth o r  second- 
s t a g e  e v a l u a t i o n .  

I f  a n o t h e r  review i s  d e s i r e d ,  t h e  i n v e n t i o n  i s  s e n t  t o  a d i f f e r e n t  con- 

t r a c t o r ,  i n d i v i d u a l  vendor ,  o r  NBS s t a f f  member, one of whoin conducts  an  

independent  f i r s t - s t a g e  review and r e p o r i s  t h e  r e s u l t s ,  All reviews are  

performed independent ly ,  w i t h  only  t h e  NBS s t a f f  e v a l u a t o r  a s s i g n e d  t o  

t h e  p r o j e c t  having a c c e s s  t o  a l l  review d a t a .  Most i n v e n t i o n s  receive 

two independent  reviews d u r i n g  t h i s  s t a g e ;  a t  minimum, one s t a f f  

e v a l u a t o r  assesses the i n v e n t i o n .  
- L F  a n  i n v e n t i o n  does n o t  warran t  f u r t h e r  rtJview, t h e  key r e a s o n s  f o r  

r e j e c t i o n  are i d e n t i f i e d  by an NBS s t a f f  member who d r a f t s  a r e j e c t i o n  
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l e t t e r  f o r  s i g n a t u r e  by t h e  program c h i e f .  

n o t  in tended  t o  d i scourage  an  inven to r  from f u r t h e r  a c t i v i t y ,  it must 

be w r i t t e n  so  t h a t  i t  cannot be m i s i n t e r p r e t e d  as an NBS endorsement.  

The r easons  f o r  r e j e c t i o n  must he c l e a r l y  s t a t e d  and, when a p p r o p r i a t e ,  

tlhe le t ter  must i n d i c a t e  t h a t  NE% w i l l  r e c o n s i d e r  i t s  p o s i t i o n  if t h e  

inven to r  can  p rov ide  s u f f i c i e n t  a d d i t i o n a l  i n f a r m a t i o n  j u s t i f y i n g  recon- 

s i d e r a t i o n .  

While a r e j e c t i o n  letter i s  

The rate of r e c o n s i d e r a t i o n s  is  approximate ly  15-20%. 

Second-Stage Evalua t ion .  I f  an i n v e n t i o n  appea r s  t o  be promising,  

i t  is  ana lyzed  i n  dep th  by a consultant w i t h  e x p e r t i s e  i n  t h e  techn-fcal  

f i e l d .  It i s  t h e  r e s p o n s i b i l i t y  of t h i s  i n d i v i d u a l  t o  de te rmine  t h e  

t e c h n i c a l  and /o r  commercial f e a s i b i l i t y  of t h e  i n v e n t i o n  and t o  r epor t  

h i s  f i n d i n g s  t o  NBS. When t h i s  a n a l y t i c  r e p o r t  is rece ived  by NBS, 

s t a f f  e v a l u a t o r s  rev iew t h e  p r o j e c t  and d e c i d e  whether  t o  recometid i t  

t o  DOE, based upon t h e i r  t e c h n i c a l  e x p e r t i s e  as w e l l  as t h a t  of t h e  eon- 

s d t a n t  r ev iewer ( s )  . If t h e  m e r  it ( e i t h e r  t e c h n i c a l ,  commercial, o r  

energy-impact) of t h e  inven t ion  is s t i l l  i n  doubt ,  a s t a f f  e v a l u a t o r  may 

e l e c t  t o  o b t a i n  ano the r  second-stage review. 

LE t h e  i n v e n t i o n  i s  r e j e c t e d ,  t h e  completed c o n s u l t a n t  r e p o r t  is 

s e n t  t o  t h e  i n v e n t o r  w i th  a letter which is reviewed and s igned  by the 

program c h i e f .  Again, t h e  inventor  may d e c i d e  t o  r e q u e s t  r econs ide ra -  

t i o n  of t h e  e v a l u a t i o n  i f  he provides  a d d i t i o n a l  i n fo rma t ion  upon which 

t o  base ano the r  e v a l u a t i o n .  Approximately 75% of t h e  second-stage 

r e j e c t i o n s  are r e t u r n e d  t o  NBS f o r  r e c o n s i d e r a t i o n .  

Recommendation t o  DOE. When an i n v e n t i o n  receives a p o s i t i v e  

second-stage e v a l u a t i o n ,  a r e p o r t  is developed which inc ludes  a l e t te r  

of recommendation, a l l  e v a l u a t i o n  r e s u l t s ,  and a c a s e  summary. The 

le t ter  a l s o  c o n t a i n s  sugges t ions  concerning t h e  type  of suppor t  DOE 

could  provide.  

as w e l l  as t h e  program c h i e f .  

This  package i s  r w i e w e d  by t h e  NBS s e n i o r  e v a l u a t o r  
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kdininistlraiioii of the  Frograiii on the DOE s i d e  has been less  stable 

than at NBS. 

beerr sh i f t ed  f r e q u e n t l y ,  as h a s  i t a  phys ica i  l o c a t i o n .  Turnover i n  

program chiefs h a s  been h i g h ,  w i t h  f o u r  c h i e f s  and no fewer than  

t h r e e  a c t i n g  c h i e f s  appo in ted  over the seven y e a r s  of o p e r a t i o n .  

a d d i t i o n ,  the n~mber  of p o s i t i o n s  a l l o c a t e d  t o  the program has been low. 

Nhen f i rs t  urganized, the program operated.  f o r  a year with  only  one 

person on the s t a f f .  Over the years, the staff  has  expander' and c u r r e n t l y  

The program's o r g a n i z a t l o n a l  l o c a t i o n  w i t h i n  the DOE has  

In 

nulllbcE s six peoplf. . 
D e s p i t e  t h e s e  administrative probl-ems, by September 1981 t h e  DOE 

o f f i r e  had processed approximately 95 of Lhe 191 i n v e n t i o n s  recommended 

by NBS. The grants awarded t o t a l e d  over  $7  million, with an average  

grant: size of $ /3 ,000 .  

(excluding t he  allocation t o  NRS) .  

The annual  DOE budget has  ranged from $1-2 m i l l i o n  

Once a recoimendatdon is forwarded t o  DOE, s t a f f  members perform 

thc  fo l lowing  t a s k s .  

@ review and ana lyze  t h e  NBS e v a l u a t i o n  r e p o r t  t o  de te rmine  
possi5ilities f o r  DOE a s s i s t a n c e ,  

@ n e g o t i a t e  w i t h  inventors t h e  n a t u r e  and amount of suppor t  t o  
be p rov ided  by DOE, 

8 seek a d d i t i o n a l  a s s i s t a n c e  for  i n v e n t o r s  from other r e s o u r c e s  
and 

ei monitor  g r a n t s  awarded a 

F i n a n c i a l  a s s i s t a n c e  i s  provided OR a "one-time-only" b a s i s ,  a l t hough  

DOE program personriel. may c o n t i n u e  t o  provide  non-monetary assistance 

( e . g . ,  adv ice  o r  c o n t a c t s )  as needed t o  f u r t h e r  develop t h e  inven t ion .  

Fimding may be provided f o r  t h e  fo l lowing  a c t i v i t i e s :  

proof o f  c o n c e p t l a p p l i e d  r e s e a r c h ,  

@ technology development, 

3 eng inee r ing  development,  

testing t o  g e n e r a t e  d a t a  r e l a t e d  t o  economics and i n s t i t u C i o n a l  
conformance, and 

@ development o f  market ing and b u s i n e s s  p l ans .  



CASE STUDY RESULTS 

The Target Audience 

'The Grantees 

The program is mandated ard designed to assist a specific target: 

group: 

It is therefore appropriate to review the background of the selected 

grantees to determine what population the program appears to be funding. 

TWO primary characteristics were examined: (1) current employment status 

and (2) size of business. Additional information, used to further define 

the target groups and assist in understanding the grantee's experience 

with the program, include 

individuals and small Eusinesses with energy-related inventions. 

invention activity, 

job experience, 

0 education, 

previous government funding experience, and 

cash or in-kind resources invested in technology prior t o  
submission. 

Current Employment Status. At the time of the interview, 27 o u t  uf 

the 3#0 grantees were principals or owners of private-sector €Frrns o r  

were self-employed. 

sector firms, and four considered themselves to be retired o r  semi- 

retired even though they were consulting. 

in the sample, one (Dornier) was employed by a small firm (Quality 

Industries) which applied to the programs for funding, and two were 

employed by universities. 

Two (Bagby and Ross) were also employed by private- 

Of the three remaining cases 

Size of Business. All of t h e  grantees are classified as individuals 

and/or small businesses, using the Small Business Administration's defini- 

tion of small business (i-e., less than 500 employees). All 27 businesses 

existed at the time the invention was submitted. Twenty-two interviewees 

reported businesses with 20 or fewer employees; three interviewees reported 
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having firms w i t h  21-  100 employees; oixlji t w o  i n t e r v i e w r r s  had f i r m s  raith 

101-500 mcployees .  Nine of t h e  above f i r m s  were e n g a g d  p r i m a r i l y  i n  

R&D; nine were engaged i n  manufac tur ing;  thr remailling were engaged 

Lf i  b o t h  R6D and manuf ac t u r i i l g  . 

.... I n v e n t i o n  ___..__ Act iv i ty ,  Most of tb.e g r a n t e e s  had some i.nventi.on 

exper ience  p r i o r  t o  s u b m i t t i n g  t h e i r  i n v e n t i o n  ( i ~ . e . $  t h e y  were t h e  

i n v e n t o r s  of t h e  technology submi t ted  t o  EKIP, had a h i s t o r y  of p a t e n t  

a c t i v i t y ,  o r  d e s c r i b e d  t h e i r  work a c t i v i t i e s  as i n v e n t i v e  o r  c rea t ive) .  

'I'we-iity-f our  g r a n t e e s  are  t h e  i n v e n t o r s  of t h e  technology suppor ted  by 

08E. 
- mcl-uding any p a t e n t  a c t i v i t y  r e l a t e d  t o  the ERIP  technology,  1.5 of 

t h e  30 grantees had no p r i o r  p a t e n t  h i s t o r y .  However, of  t h e  1.5 remaining 

g r a n t e e s ,  f o u r  hold between one and f i v e  p a t e n t s ;  € i v e  hold  6-10 p a t e n t s ;  

~.T.JO ho1.d between 1.0 and 1 5  p a t e n t s ;  one h o l d s  30 patents; one h o l d s  

38 U.S, p a t e n t s  and 150 f o r e i g n  p a t e n t s ;  one hol-ds more t h a n  100 lJ.S. 

patei?ts: sild one h o l ~ d s  100 U.S. p a t e n t s  and 250 f o r e i g n  p a t e n t s .  

When i n v e n t i o n  a c t i v i t y  r e l a t e d  t o  t h e  ERXP technology i s  combined 

1 % 7 i . t , 1 1  t h e  above i n f o r m a t i o n ,  most o f  t h e  g r a n t e e s  can be c h a r a c t e r i z e d  as 

- invent iv?  ( s e e  Table  2 ) .  However, only t w o  of t h e  t h i r t - y  g r a n t e e s  can 

b e  c l e a r l y  d e f i n e d  as  p r o f e s s i o n a l  i n v e n t o r s  ( i - e . ,  t h e  pr imary s o u r c e  

of  t h e i r  income i s  t h e i r  invent i -ons) .  The remainder are  i d e n t i f i e d  a s  

c a s u a l  i n v e n t o r s .  

_- Job F 3 e r i e n c c .  -- - A review C C  the  g r a n t e p s '  j o b  e x p e r i m c e  over  i h e i r  

p i o f e s ~ i o n a l  live.; indicate . ;  d i v e r s e  work exper iences .  Xany grantees mixed 

;I c o n 5 i d e r a b l e  number of  y e a r s  as rnployazs  of i n d u s i t y ,  government, and/or 

i i , i i v e c s i t i e s  w i t h  e n t r e p r e n e u r i a l  e f f o r t s  ( s e e  Table 2 ) .  A number of 

t h e  t e c h n o l o g i e s  developed by t h e  grantpns c l e a c l y  grew o u t  of  t h e i r  

considerable e x p e r i e n c e  i n  a p a r t i c u l a r  i n d u s t r y  ( e .  g . ,  C h i l l ,  Crorriwell, 

Mahal l a ,  Jab l i i r ,  and .Jones). 



Education Work expeiience Imention activity Experience with 
gover~rrent 

Agar 

Arthur 

Bagby 

Baum 
Ben-Shmuel 

Chill 

Master’s (physical chemistry) 

Doctorate (environmental engineering) 

High school 

Master’s (chemistry) 
High school 

High school 

Worked in instrunlentation field since i95?; 
owns Agar, Inc. 

Teacher for 16 years; owns three 
interrelated companies 

Employee in mining firm; built brattices 

Consultant on government projects 
Se!f-ernplcyeQ as realtor, scnipior, 
p e t ,  entrepreneur 

Bronze industry 45 years, now serni-retired 
from ccmpany he helped forin 

Cramwell 

Dornier 

Durbin 

Engdabl 

Fitterer 

Fowler 

Gordon 

HPlspeI? 

Jablin 

Jones 

Some college training 

Bachelor’s (rnechanicai engineering) 

Doctorate (physics) 

Bachelor’s (mechanical engineering) 

Doctorate (metaHurgica1 engineering) 

Bachelor’s (mechanical engineering) 

%me college training 
Bachelor’s (mechanical engineering) 

Bachelor’s (gw!ogy) 

Emplnyep a ~ ( !  entreprznzur iz 
aluminum industry for 30 years 

Six U.S. patents in 

Four U.S. patents plus one 

N o  patents or inventions prior 

No patenls 
30 US.  patents on non-hKIP technology, 

Worked on improvements of products; 

consen.ation/pollution fields 

for ERIP invention 

to ERIP invention 

10 more applied for 

only ERIP invention patented; 
one applied for 

Ciit fuicigri paient 

Related manufacturing induslry for 20 years; 
10 years with Quality Industries, designers and 
Manufacturers of marsh equipment 

Professor and mearcher in 
university environment 

Employee in industry for 
more than 30 years 

An acadcrnic for 38 years; 
consultant to indestry throughout career; 
formed OWB company 

Director of marketing for GTE, Sylvania; 
started three companies 

Owrxr of 5m matufactu~rizg 

QWRS miningjcanstrwtion R t D  company 

commercia! high-pressxs vesseis 

Steel mill eii!~meerlng/envibonmental 
montrol projects, 35 years. Now owner of 
Jsblin Asskx. Construction 

15 ycers in design and sales, veatilatmn 
systems; seils buiidiag products 

Ten patents on marsh equipment; 
not inventor of ERIP invention 

Limited 

Extensive 

None 

Limited 

None 

None 

Bone 

None 

12 U.S. patents plus many 

No patents but described 

Ten patents plus other 

ideas not patented 

as creative 

"inventiveness evidence” 

Six patents p h i  ERIP iavzntion 

15 patent3 

Ten patents pius EXLP invention 

Extensive 

Extensive 

Extensive 

None 

Liniied 

W 
w 





Educat ion.  Three g r a n t e e s  m l y  completed high schoo l ;  one also 

went t o  a technica l .  school.  Five had some c o I l . ~ g e ;  twelve have bachelor's 

d e g r e e s  ( e i g h t  i n  s c i e n c e  and f a i r  i n  t h e  ar ts) ;  three have master's 
degrees ;  s i x  have d o c t o r a t e s .  In i s  impor tan t  t o  note  tha t  nearly a l l  
have worked many y e a r s  i n  the industry i n  which t h e i r  invent:ion i s  

a p p l i c a b l e .  It i s  also i n t e r e s t i n g  t o  n o t e  t ha t ,  w h i l e  they  are  well 

educa ted  I" on ly  n i n e  have advanced college degrees 

Previous  Governmenr: Expr ience .  Seventeen out of the t - h t r t y  eases 

have iio p rev ious  government funding expe r i ence  o r  f a m i l i a r i t y  beyond a 

layman's knowledge of t h e  government gxant p r e c e s s .  

f o r  the government and are i d e a t i  fied as hawing limited experience; 

those who have secured numerous government g r a n t s  as a part  of thelr 

work expe r i ence  - s o p h i s t i c a t e d  grantsmen - a r e  Pdenkifiied i n  Table  2 as 

having e x t e n s i v e  exper ience .  Seven g r a n t e e s  fall i n t o  t h i s  latter 

ca tegory  

S i x  grantees worked. 

Resources I n v e s t e d  Prior t o  Submission. One important.  dimension of 

t h e s e  cases is  the  n a t u r e  and l e v e l  of resources the g r a n t e e s  h a w  

i n v e s t e d  i n  deve loping  t h e  invention p r i o r  t o  submi t r ing  tt to E R I P ,  

All. i n  all, t h e  g r a n t e e s  have i n v e s t e d  a great d e a l  of t i m e ,  cash, and 

other r e sources  i n  t h e  inven t lon '<s  development Whjle t h i s  in fc~m" ,~ r . in  

does not i n d i c a t e  e i t h e r  the p o t e n t i a l  s u c c e s s  of t h e  invention in the 

marketp lace  o r  i t s  t e c h n i c a l  v i a b i l i t y ,  i t  does i n d i c a t e  that the. invmtc9rs 

are s e r i o u s  about t h e i r  work and that  t h e y  have been working i n  their 

respective t e c h n i c a l  f i e l d s  f o r  some t i m e .  

The ave rage  e l apsed  time t h e  grantees have worked an t h e  pro 
10  years, while inventors !  estimates of cash inves tment  range from 

$10,000 t o  more t h a n  $I,OOO,QQO. These estimates f requent ly  do not 

i n c l u d e  in-kind inves tments  (e .g . ,  i n  t % m e  and equipment). 

Technologies  

The EKLP audience  i s  made up of i n d i v i d u a l s  and small tausinesselj 

w i t h  ene rgy- re l a t ed  inven t ions .  The previous section reviewed one 
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dimension of t h i s  t a r g e t  group - t h e  g r a n t e e s .  I n  t h i s  d i s c u s s i o n ,  

a t t e n t i o n  i s  focused 011 t h e  technologies .  The s p e c i f i c  t a s k  i s  t o  

d e s c r i b e  t:he 30 funded t e c h n o l o g i e s  and t o  determine i n  t h e  b r o a d e s t  

s e n s e  whether t h e s e  t e c h n o l o g i e s  a re  a p p r o p r i a t e  f o r  funding ,  g i v e n  t h e  

mandate of [:he program t o  suppor t  energy-re la ted  i n v e n t i o n s  and t h e  

s p e c i f i c  s e l e c t i o n  c r i t e r i a  a p p l i e d  by program managers. 

a t t e m p t i n g  t o  r e p l i c a t e  t h e  e f f o r t s  of t h e  NRS s t a f f  

beyond t h e  scope of t h i s  eval-uat ion.  I n s t e a d ,  u s i n g  t h e  NBS program 

c h i e f ' s  d e f i n i - t i o n  of energy-re la ted  i n v e n t i o n ,  w e  d e s c r i b e  i f  and how 

t h e  30 suppor ted  t e c h n o l o g i e s  f a l l  w i t h i n  %he scope of t h i s  d e f i n i t i o n .  

Then, a f t e r  reviewing t h e  s p e c i f i c  s e l e c t i o n  c r i t e r i a  used by NBS, t h e  

30 cases are ana lyzed  t o  provide  inEormation about how t h e s e  c r i t e r i a  have 

been a p p l i e d  arid t h e i r  e f f e c t i v e n e s s .  F i n a l l y ,  by reviewing t h e  p o t e n t i a l  

c o n t r i b u t i o n  of t h e  technologies  t o  bokh energy-re la ted  and non-energy- 

r e l a t e d  f i e l d s ,  w e  comnient on t h e  importance of t h e  t e c h n o l o g i e s .  Such 

a p e r s p e c t i v e  c o n t r i b u t e s  t o  t h e  unders tanding  of ERIP's v a l u e  t o  t h e  

n a t i o n  and i t s  importance w i t h i n  t h e  contex t  of o t h e r  f e d e r a l  programs. 

Tables  3 and 4 summarize t h e  major c h a r a c t e r i s t i c s  of the t e c h n o l o g i e s .  

We are n o t  

such  a t a s k  i s  

Energy-Related I n v e n t i o n s :  The D e f i n i t i o n .  --___ A b r i e f  rev iew of t h e  __.- 

30 cases i n d i c a t e s  t h a t  all are energy-re la ted ,  and i n  most i n s t a n c e s  

t h e  energy-re la ted  dimension i s  obvious.  

t o  d e f i n e  t h e  t e c h n o l o g i e s  as energy-re la ted  inven-tions are n o t  sa  

obvious,  however. 

The q u a l i t i e s  which permit  one 

The E R I P ' s  d e f i n i t i o n  of i n v e n t i o n  i s  n o n t r a d i t i o n a l .  While t h e  

program's d e f i n i t i o n  inc l -udes  t h e  d i c t i o n a r y ' s  no t ion  of i n v e n t i o n  

( i * e . ,  a new d e v i c e  o r  p r o c e s s  developed f o r  exper imenta t ion  and 

s t u d y )  and t h e  popular  not i -on of a major s c i e n t i f i c  advance wh.i.ch 

is  unique,  i t  i s  a l s o  more s p e c i f i c  and a t  t h e  same t i m e  b roader .  

It i s  more s p e c i f i c  i n  t h a t  t h e  new d e v i c e  o r  process  m u s t  r e p r e s e n t  

a new p o t e n t i a l  f o r  s a v i n g  energy  or enhancing energy supply.  Thus 

an  advance over  t h e  s t a t e - o f - t h e - a r t  would n o t  qual.i.ty a n  i d e a  f o r  

c o n s i d e r a t i o n  by t h e  program u n l e s s  i t  w e r e  energy-re la ted .  



Technology Perceived ptenda! applications Energy-related characteristics 
(other uses noted) 

Agar Control system to use waste 
gas f oil" 

Banm 

Wastewater aeration power 
control device' 

Cheap, light barrier for control 
of gases in underground mine tunnelsQ 

Chemical process whereby organic 
sulfur (up to 99%) can be removed 
from coke made from high-sulfur coal; 
process requires the introduction of 
sulfur during the coking processb 

Ben-Shmuel Heat extractor which utilizes water or 
an alternative fluid in direct contact 
with industrial stack gases to extract 
heata 

Chill Process for the continuous casting of 
bronze alloy in the form of a strip, 
of any width and thickness desired, 
that can be rolled and welded to form 
bushings and bearings* 

Oil refining industry 

Wastewater treatment plants 

Application in copper, coal, salt 
mines-may also be used as 
roof supports and stoppings for 
subways; estimated $90 million market 
in future saies 

Manufacture of metallurgical grade 
coke for steel industry, electrode 
grade coke for aluminum industry, 
production of pollutant-free fuel 

Widespread potential for adoption 
in any industrial or large 
residential unit that consumes 
significant quantities of energy in 
a combustion process 

Production of bushings and bearings; 
the process also makes available 
applications and markets for bronze. 
not now open, e.g., for ammunition and 
cladding steel 

Incremental energy conservative 
measure-refineries would utilize 
waste oil whish is now flared 
or burned 

Incremental energy conservation 
measure-system, regulates oxygen flow in 
wastewater-treatment plants 

Production improvement in energy. 
(To improve mine safety worker 
health) 

I f  successful, the process would 
permit u5e of high-sulfur coals with 
impact of increasing useable coal 
reserves; (production of pollutant 
fuel supply) 

Incremental energy conservation 
device which utilizes waste heat; 
(reduces pollutants-its pollutant 
removing capacity makes it particularly 
promising for use in power plants) 

Process uses less energy than 
existing process. Because process is 
completely enclosed with metal and the 
bronze enters and exits cold, it 
appears to be the only process available 
that can meet all the safety requirements 
of OSHA with regard to lead fumes) 



Table 3 (continued) 

Technology Perceived potential applications Energy-related characteristic5 
(other uses noted) 

Cromwell A mechanical process for recovering Aluminum industry 
aluminum from dross (a waste product 
from the production of aluminum j' 

Dornier 

Durbin 

Engdahl 

Fitterer 

Device which uses boiler flue gas 
to dry combustible process residues of 
fiber, pulp, and bagasse so as to 
improve burning characteristics, 
increase fuel value and assure 
useability as boiler finell' 

A system designed to measure the air 
intake of each cylinder of an 
engine and to determine the appropriate 
amount of fuel to mix with the existing 
air; key 30 system is ion-drift air 
mass, flow sensor meterb 

Process that makes possible the 
deposition of solid silicon carbide 
(sic) from gaseous state; Sic is 
circalatd in a gasmoas sfate either 
into a partern mold or oyer a metal part, 
preform& in desired final shap+ 

An industrial process which provides 
better control of the production of 
lowcarbon, aluminum-Wed (LCAK) 
steel by using iron-aluminara alloys 
in place of pure aluminum in deoxidation 
process and by use of oxygen probes' 

Low energy consumption; recovery of 
useable metal from waste produced by 
energy ifitensive aluminum industry; 
(Eliminates negative environmenral 
impact of current process; no waste by- 
products; high metal recovery, Le., 
increases available supply at low cost) 

Application was intended for 
sugarcane industry but potential 
for use in any industry which uses 
or could use dried waste material 
for fuel, e.g., wood pulp, grain, 
garbage 

With broad application, the process 
could increase supplies of biomass 
fuels 

Automobiles and other combustion 
engines 

May improve fuel consumption 
by making engines more efficient; 
(cuts hydrocarbon emissions, nitrogen 
oxide, and carbon monoxide) 

Variety of important scientiik 
applications; Engdahl's concern is 
with developing a turbine rotor for 
small generating systems 

Cerarnic rotor would permit power 
generation at higher efficiencies 
which would lead to energy savings 
(wouid permit more efficient 
decentralized power supply systems j 

Application in the LGAK steel 
industry and may have use 
in copper industry 

Incremental energy savings as a 
conseq~ence of more efficient process 
and the use of iron aluminum alloys 
instead of pule alulr' a m u r n  

w 
M 



Table 3 (continued) 

Technology Perceived potential applications Energy-related characteristics 
(other uses noted) 

~ _ _ _ _ _  

Fowler A tobacco curing barn fitted with roof- Drying tobacco 
top solar coUectors* 

Gordon Lightweight composite trailer tubes for Trucking industry 
transportation of hazardous materials 
such as compressed gases" 

Haspert 

Jablin 

Jones 

Karison 

Kennick 

A piece of mining equipment which could 
drill a large rectangular hole on a 
sloped heading' 

Coal, shale, gilsmite mining 

Method to recover waste heat from hot 
coke coming from coke ovens" 

Steel and allied industries 

Waste heat recovery system for use on 
gas-fired cooking appliances or other 
low-grade heat sources" 

Low-energy, continuous process for 
separation of chemical species or 
different isotopes in either the gas 
or liquid phase; invention combines 
any two or all three current separation 
techniques-chromatograph , electro- 

Process of hydrostatic pressurization 
of prerigor red meat round muscle 
to induce tendernessb 

phoresis, and centrifugation l 

Gas-fired cooking appliances in 
hotels, hospitals, schools, 
commercial kitchens and 
restaurants 
Extensive commercial and scientific 
applications, e.g, uranium isotope 
separation, nuclear waste disposal, 
oil and chemical industries, 
pharmaceutical production, 
saltwater purification 

Meat packing industry 

Incremental energy savings-limited 
seasonal use 

Substantially reduces shipping costs 
and gasoline use by supplanting 
existing heavier tubes 

Improves mining techniques which 
would eliminate cutting into overburden 
and underburden 

incremental energy conservation 
measure to the extent that waste 
heat i s  ~ l ! i z c d  fcr F&-U&II or hto:i;lg 
activities. (Eliminates air-pollution 
problem resulting from existing 
techniques for processing coke) 
Incremental energy conservation 
measure which utilizes waste heat 
from low-grade heat source for other 
purposes 
Current separation techniques are 
energy intensive; Karlson's process 
is not-substantial savings in energy 
use could result if technique 
adopted 

Incremental energy-saving measure in 
that it eliminates the necessity to cool 
and age meat; reduces fuel costs in 
shipping due to reduction in weight 
and volume; indirectly results in 
substantial energy savings by making it 
possible to substitute tenderized, grass-fed 
beef for grain-fed beef 
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Technology Perceived potential applicRtinns Energy-related characteristics 
(other lises noted) 

Moss 

Sachs 

Secunda 

Spelber 

Wahrman 

Process for beating, not melting 
mineral products such as perlite; the 
types of heating are expanding, 
exfoliation, calcining, sintering, 
roasting and drying; he has two 
types of furnaces for process' 

Building fabrication methodology 
utilizing permanent forms for 
construction of reinforced-concrete 
buildings; the panels, which 
compose the framework for the 
reinforced-concrete structural 
members of the building, come complete 
with thermal and sound insulation, 
v e p r  barrier, fireproofing, and 
interior and exterior veneers" 
Process which removes solutes such 
as coffee from solution by spraying 
the solution at high speeds, resulting 
in dried crystalsb 

Hydraulically powered waste-disposal 
device that utilizes rotary-driven 
cutters which move in an oscillary 
cutting motion and operate in 
conjunction with Fmed cutter' 

New composite bit insert made up of 
layers of complex microstructures, 
including tungsten and other carbides 
as well as cobalt nickel, cubic boron, 
nitride, diamond powder and carbon 
reinforcements" 

Ross envisioned pruduct being 
used to expand prlite--other 
commercial and scientific 
applications probable 

Although fabrication methodology 
can be utilized for all types of 
buildings, specified application 
was for high-rise structures 

Food industry (coffee, sugar, 
potatoes) is promising 
application; other applications 
may be found in area of 
pollution control 

Furnaces used in process are more 
efficient; product produced in 
process (perlite insulation) would 
assist in reducing energy 
consumption 

Insulation in panels results in 
reduced energy ux; existing 
high-rises constructed with panels 
use 5Clk more energy 

Home and commercial waste disposal Incremental energy conservation 
measure in that invention operates 
on water power not electricity; 
inventor estimates up to 1% savings 
in home energy consumption 

Wide variety of applications in 
drilling and mining industries; 
other applications are in 
ballistics snd for materials 
processing in space 

T%e new inserts are stronger, have 
sharper edges, and last longer than 
conventional types; as a result, downhole 
bit life is extended and drilling time 
reduced by s factor of 3 

Incremental energy conservation 
measure in that existing process- 
spray drying-requires massive 
induced energy; Secunda's Thexon 
process does not; (process may be used 
for poilution control) 



Table 3 (continued) 

Technology Perceived potential applicaticns 
Energy-related charactcristic~ 

(other u e s  noted) 

W d  The Eldon direct-fire gas-heating For commercial and industrial water 
system is a highly efficient gas-fired 
water heater in which a natural 
gas flame is blown directly into 
a “rain of water”“ 

heating 

Zinn Heat-plate solar collector which uses 
EPDM (Ethylene propylene diene monomer j 
synthetic rubber as the principal 
component’ 

For home and industrid solar 
and radiant heating 

Incremental energy conservation measure; 
inventor claims 100% efficient for his 
water heater as compared with existing 
hot water heaters which are about 7Q% 
(+ 10) efficient 
Low-cost, high-efficiency solar 
collector enhances the cost- 
effectiveness of solar energy and 
could result in its increased use 

~ 

“Product category. 
b ~ r o c e s s  category. 



Table 4. Stage of development at time of submission' 

Idea evaluation Product/process evaluation Venture initiation; product/process 
and development and refinement iiitroduction or expansion 

Agar 

Arthur (3rd-generation 

Baum 

respirometer) 

Engdahl 

Gordon 
Jablin 

Marks 

Parker 

Bagby (prototype development/ 

Chill (prototype development/ 

Cromwell (prototype development/ 

Durbin (prototype development/ 

Haspert (laboratory testing) 

Mahalla (laboratory testing) 
Jones (prototype development/ 

Karlson (laboratory testing) 

Kennick (working model) 
Woods (working model) 
Mattson (working model) 

Ross (working model) 

Secunda (testing/evaluation) 
Spelber (prototype development/ 

Wahrman (prototype development/ 

Ben-Shmuel (limited production/marketing) 

Dornier (limited production/marketing) 

Fitterer (limited production/marketing) 

Fowler (limited production/marketing) 

Norris (limited production/marketing) 
Sachs (limited production/marketing) 

Zinn (limited production/marketing) 

testing) 

testing) 

testing) 

testing) 

testing) 

testing) 

testing) 

OIn reviewing technologies, NBS places them into one of nine separate categories: concept definition, concept 
development, laboratory testing, engineering design, working model, prototype development, prototype test, produc- 
tion engineering, and limited production and marketing. 
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A t  t h e  s a m e  t i m e ,  ERLP's d e f i n i t i o n  of " invent ion"  i s  broader  because 

of t h e  i n t e r p r e t a t i o n  which t h e  program g i v e s  t o  t h e  co.ncept of "new." 

EKTP's d e f i n i t i o n  o f  "new" i s  1.i-nked t u  t h e  concepts  of "energy sav ings"  

and " i n c r e a s i n g  energy supply." An i d e a  may be. q u i t e  faiiiLIiar and have 

o r i g i n a t e d  with o t h e r s ,  but  i f  i n  i t s  present:  a p p l i c a t i o n  i t  r e p r e s e n t s  

a new p o t e n t i a l  f o r  s a v i n g  o r  producing energy,  i t  i s  d e f i n e d  by t h e  

program as a n  i n v e n t i o n .  

become p o t e n t i a l l y  f e a s i b l e  because of changes i n  market o r  t e c h n o l o g i c a l  

c o n d i t i o n s .  Eecause o f  t h e  above def ini..tion which ERIP app1i.e.s t o  inven- 

t i o n ,  many o f  t h e  i d e a s  submi t ted  t o  the program are i n n o v a t i o n s  as 

d e f i n e d  i n  t h e  i n n o v a t i o n  l i t e r a t u r e .  

Also,  an  i d e a  proposed y e a r s  ago might have 

* 
The 30 cases f a l l  Within t h e  scope of ERIP's broad d e f i n i t i . o n  of 

i n v e n t i o n .  A number or' cases r e p r e s e n t  advances over  t h e  s t a t e - o f - t h e -  

a r t  i.n a c e r t a i n  f i e l d .  H a s p e r t ' s ,  K a r l s o n ' s ,  Kennick 's ,  Mahalh 's ,  

Wahriiian's, Agar ' s ,  Bagby's, C h i l l ' s ,  Engdahl . '~ ,  and S p e l b e r ' s  t e c h n o l o g i e s  

are examples. Another group of cases r e p r e s e n t s  o l d  i d e a s  wi th  new 

a . p p l i c a t i o n s  t o  e n e r g y - r e l a t e d  problems. I n  t h i s  group one f i n d s  Gordon, 

Jones Marks, Secunda lJood, Ben-Shmuel, Dornier  Yaum, Fowler, ant1 

Norri-s.? 

come; t h a t  i s ,  t h e  i d e a ,  product  o r  p r o c e s s  may have been around a w h i l e  

but. c o n d i t i o n s  i n  t h e  p a s t  were not  r i g h t  f o r  i t s  development o r  use .  

Of t h e  30 cases, we c o n s i d e r  t h e  followi.ng t o  f a l l  i n t o  t h i s  I.atter 

A t h i r d  group of cases r e p r e s e n t s  i-deas whose t i m e  may have 

J; 
There are  a number of  f a c t o r s  which have made an  i d e a  a t t r a c t i v e  

a n d / o r  workable now as opposed t o  an ea r l i e r  t i m e .  A b a s i c  f a c t o r  i s  
economics; t h a t  i s ,  how c o s t l y  I s  it t o  develop t h e  i d e a  and how cosf;- 
e f f e c t i v e  i s  t h e  product  o r  process?  The change i n  f u e l  p r i c e s  h a s  dra-  
matiically a l t e r e d  t h e  economics of energy p r o d u c t i o n  and h a s  made a va.r ie ty  
of c o n s e r v a t i o n  s t r a t e g i e s  c o s t - e f f e c t i v e .  A s  s c a r c i r y  o f  r e s o u r c e s  can 
make a new product  o r  p r o c e s s  a t t r a c t i v e ,  so can the a v a i l a b i l i t y  of 
new r e s o u r c e s .  A p l a s t i c  s o l a r  c o l l e c t o r  i.s n o t  a new i d e a ;  however, 
a d u r a b l e  p l a s t i c  f o r  such a c o l l e c t o r  w a s  n o t  a v a i l a b l e  u n t i l  r e c e n t l y .  

' F o r  example, h e a t  e x t r a c t o r s  have been around f o r  many y e a r s .  Ben- 
Shmuel, however, a p p l i e d  t h e  i d e a  t o  h e a t i n g  systems i n  m u l t i u n i t  housing 
i n  t h e  hope of r e a l - i z i n g  a new p o t e n t i a l  f o r  energy s a v i n g s .  

1- 



category: Cromwell, Jablin, Mattson, Parker, Sachs, Zinn, b x b i n ,  

and Fitterer. 

Selection Criteria. To be accepted for evaluation, submitted 

technologies must be: 

* energy-related, 

* nonnuclear, 

0 not obviously fallacious, and 

0 accompanied by sufficient information to proceed with the 
evaluation. 

A l l  of the 30 cases are energy-related and nonnuclear. In addition, 

because each made it through the NBS evaluatlon, none were obviously 

fallacious. 

sufficient information to procee3 with the evaluation. Such a conelusion 

is only partially correct, howevzr. There are two examples in our 

30 cases in which, at the time the case was originally submitted to NBS, 

the information provided was not sufficient. In one case (Nattson), the 

application initially was rejected, in part because his forms were poorly 

completed. 

hand -- and liked what they saw - the agency gave him assistance in filling 

o u t  the forms . 

One could a l s o  conclude that all were accompanied by 

When Mattson protested and when NBS saw his invention first- 

Once a technology is accepted by NBS, the following criteria are 

used for evaluation: 

0 technical soundness or intrinsic technical merit (inee9 the 
technology has the potential to work), 

* potential energy impact;, and 

9 commercial feasibility- 

TechnieaZ Soundness or Tctch&Xl Merit. This concept is interpreted 

by NBS to mean that _.L1 of the development and technical problems can be 
solved €or production. After funding, in 24 of the 30 cases the c ~ n ~ e p t  

has at least been demonstrated. In 16 cases a stage of development laas 
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been reached i n  which uzz important  developmental  and t e c h n i c a l  problems 

have been so lved .  I n  o n l y  one c a s e  w a s  t h e  t e c h n i c a l  soundness o r  

i n t r i n s i c  rneriL of t h e  concept  r e f x t e d :  t h e  coke d e s u l f u r i z a t i o n  p r o c e s s  

(Baum) . Its  t e c h n i c a l  i n f e a s i b i l i t y  was demonstrated w i t h  EKIP funds 

which WPKP used t o  r e p l i c a t e  t h e  i n v e n t o r ' s  r e s u l t s :  

r e p l i c a t e  was uzrsuccessful-  Of the  remaining cases, the s t a g e  of  develop- 

merit is  sn e a r l y  that a d e f i n i t i v e  answer cannot  b e  g iven ,  o r  o t h e r  

~ a c  t(91-s (unr e1 at ed t o  t ec hli ica 1 p r  obleiiis ) have p L tvent ed commerc ia l iza t ion .  

t h p  e f for l -  t o  

f 

Potential  Ennergy Tmpac't. P o t e n t i a l  energy impact i s  i n t e r p r e t e d  by 

NBS t o  incan tl-te poteiztial. f o r  significanl; energy impac t .  

"signiELcant" is  a r e l a t i v e  t e r m  and, as w i l l  be  seen  when rev iewing  t h e  

30 cases, i s  i n t e r p r e t e d  q u i t e  b r a a d l y .  

C l e a r l y ,  

TAile a l l  of t l r e  t e c h n o l o g i e s  reviewed a d d r e s s  energy-re la ted  

problem:; o r  needs ,  t h e i r  r e l . a t i v e  importance varies i n  terms of t h e  

p o t e n t i a l  c o n t r i b u t i o n  07: impact oE each.  More than half of the cases 

are des igned  t o  u se  less energy (see Table  3 )  which, given u t i . I . i z a t i o n ,  

r e s u l t  i n  energy savi.nga. A s  w i t h  m o s t  c o n s e r v a t i o n  t e c h n o l o g i e s ,  t h e  

poten t i ia l  impact o f  e a c h  of t h e  above 17  cases, w i t h  a few except.i.ons, 

is  incrementa l  ( i - e . ,  adopt ion  r e s u l t s  i n  s m a l l  r a t h e r  t h a n  massive 

energy s a v i n g s ) .  

F ive  of  t h e  30 c a s e s  reviewed €or t h e  eval.uation were a l s o  e v a l u a t e d  

by FfIT (Jansson and Neuton, 1980) The f i v e  cases were D o r n i e r ' s  F l e x a f l o  

d x y e r ,  Jones '  waste heat u t i l i z a t i o n  f o r  commercial cooking equipment,  

Wood's d i r e c t  Elane-contact ,  h i g h - e f f i c i e n c y  water h e a t e r ,  A r t h u r ' s  

aeration power-control d e v i c e ,  and F i t t e r e r '  s process  f o r  a n a l y s i s  of 

low--carbon aluminum stee1.s u s i n g  oxygen s e n s o r s  and i r o n  aluminum a l l o y .  

i n  investigaciag t h e  energy savings po te r i t i a l  of each, the  s t u d y  found 

t h e  p o t e n t i a l  energy s a v i n g s  t o  range  from 0.03% t o  0.6% of t o t a l  U.S. 

energy consumpti.an. Such f i g u r e s  r e f l e c t  o n l y  t h e  market p o t e n t i a l  and 

not  p e n e t r a t i o n .  They do,  however, s u p p o r t  t h e  eval-uat ion of t h e  NBS 

s t a f f  and of t h e  i n v e n t o r s  t h e n s e l v e s  t h a t  t h e  i -nvent ions  could save 

energy i f  adopted.  

Given the sirnilarif:ies of t h e s e  cases w i t h  the  o t h e r  cases reviewed 

f o r  this s t u d y ,  t h e r e  i s  reason  t o  be l - i sve  t h a t  sirnil-ar resul. ts  might a l s o  
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be found if an energy-savings-potential study were to be done for each. 

This is not to say that there are not relative differences in potential 

impact. Factors such as size of market, number of alternative applica- 

tions, and energy use affect the relative importance of one technology 

when compared with another. For example, relative to the other tech- 

nologies, Karlson's process for separation of chemical species or 

different isotopes may be more important. Not only is it a low-energy 

process which could replace an energy-intensive process if successfu1, 

but the range of potential applications also is substantial. 
Some of the technologies, if viable, commercialized, and adopted, 

w o u l d  expand our nation's energy supplies o r  improve our ability to 

obtain these supplies. These technologies include Baum's coke desul- 

furization process, Haspert's mining drill, Mark's power generation 

process2 Wahrman's drilling bit, Mattson's plastic solar collector, and 

Zinn's rubber solar collector. O f  these technologies, the potential 

contribution of some was more obvious than others. In the authors? 

opinion none could be written of f  as being of no benefit. 
Mattson's and Zinn's d i f  fei-ent solar collectors offer inexpensive 

alternatives to the existing g l a s s  and metal collectors which at p r e s e n t  

are only cost-effective with t h e  assistance of tax credits. 

credits are eliminared in 1985, these inexpensive collectors may be the 

salvation of the so lar  industry. Another important invention w a s  the 

coke desulfurization process. While ultimately it was found to be 

technically infeasible, the energy-supply potential of the technology 

was considerable. 

invention was important; unfortunately, the solution was wrong. 

When such 

There is no doubt that the problem addressed by the  

ConmerciaZ FeasibiZitg.  The third major criterion applied by NBS 

for evaluation is commercial feasibility. More than half of the cases 

are still at a stage in the R&D process where determination of the 

ultimate commercial feasibility is impossible. Of these, two are 

potentially commercially infeasible: 

conversion via charged aerosols and Parker's system for power genera- 

t i o n  utilizing atmospheric temperature gradients. The costs of 

developing Marks' are so high and the benefits to be derived so undefined 

Mark's heat/electric power 
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illat t h c  1 ong-rznge eomnrrelal p r o s p e c t s  of t he  technology are  q u e s t i o o -  

a b l e .  Tndced, Marks h a s  m e t  c o n s i d e r a b l e  ~ p p 0 ~ i t i o 1 - 1  1-0 his i d e a  w i t h i n  

L ~ ~ L  Lechiiiical. c o m u n i t y  f o r  these and other r'sasons. T,ikewi se, Pa? ber ' s 

technology,  w h i l e  riot o u t  of l iomds,  i s  s t j l l  c o s t l y  accord ing  t o  the 

economic f e a s i b i l i t y  s t u d y  i indertaken w i t h  EKT? funds  I The p o s i t i o n  of 

b n t h  Parker's and Marks i cchnologiee cou ld  change d r a s t i c a l l y ,  how0 wer, 

if t k r r  .]ere more drarnaric i n c r e a s e s  i n  o i l  prices and/or s h o r t a g e s .  

O f  t h e  remaining casez i n  which t h e r e  i s  E i r m  EvideiLce o f  c o m i e r c i a l  

f e a s i b i l i t y ,  ot-tly t h r e e  appear t o  have been demonstrated a t  'r'nis ?ime t o  

have f a i l c d  romaiercially:  Fowler's sclar  tobacco bac-n, Norr i s '  boi 1 er 

t u c l  a d d i t i v e ,  and Do-rnier's Flcxaf1.o wet f u e l  drypi-. The u l t i m a t e  

poi sntial- f o r  coxmercial i z a t i o n  of th rs r  t e c h n o l o g i e s  coiild changr i f  

t l ierc  are  changes in ~ i i e  market or if IPPW appl  i t i o n s  f o r  t h e  iuvent ior i  

a r e  r e a l i z e d .  For i?x.mple, Dorniey ' s  > l e x a f l o  7 ~ e t  f u e l  d r y e r  a p p e a r s  t o  

have f a i l e d  hecause oE a d q r e s s i o n  i c i  the sugar  i n d u s t r y  'In t h e  United 

S t a t e s .  If t.hls s i t u a t i o n  mre  to change o r  i f  nmc uiarkets were sough t  

o u i s i d ~  oE t h i s  i n d u s t r y ,  the  product  m i g h t  u l t i m a t e l y  bc f u l l y  

cor i jm;^r ia l izn~l .  

& I -  

S r l e c t i o n  Crttcria __ Not Applied.  -~ Having r e v i e ~ ~ d  t h e  c r i t c r i a  w f h i c h  __ _______ 

a i $  applied by NBS i n  evaluat i rng t h e  t e c h n o l o g i r s  recome:ided t o  IIOE 

f o r  s u p p o r t ,  i t  i s  important t o  bric3fly d i s c u s s  ~ a o r e  t r a d i t i o n a l  p r o j e c L  

sdcc t ioLi  crif-prie which a re  n o t  appl i ed  and which s i g n i : i c a n t l y  a f f e c t  

c l ~ e  scope of t k  i n v e n t i o n s  which arp supported by t h e  program. Trx 

evaluatiag the technologies FIBS does  riot consider  : 

t s rage  of development of the tcchns logy  ( e . g - ,  concspt ,  
en g i ne e Y in g 11 1-0 to t y p e ) , 

t y p e  oLr technology ( e . g .  prodllct ,  p rocess ) ,  

8 t y p e  of i n d u s t r y  (e.g., automotive,  metal p r o c e s s i n g ) ,  

i n c r e m e n t a l  vs  'lquantlim-1ea~~I1 advance i n  t h e  technical f L d d ,  
and 
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A s  would be  expec ted ,  t h e  30 cases  were a l s o  d i s t r i b u t e d  across the  

R&D s p e c t r u m  (see Tablc 4 )  as i d e n t i f i e d  when  their applicntjons were 

accepted by ERIP. 

e i g h t  were in the idea evaluatLion arid development s t a g e ;  15 were 

s t a g e  of pr-oduc t /p rocess  e v a l u a t i o n  and ref PIrernent (inclaidfnag laboratory 

t e s t i n g ,  engineer ing-des ign  working models, and p r o t o t y p e  development); 

and seven w e r e  i n  v e n t u r e  i n i t - h t i o n  ( i n c l u d i n g  p roduc t ion ,  marke t ing  

aid produc t ion  eng inee r ing )  (I 

>t They f a l l  g z n e r a l l y  w i th in  t'rarec broad W&l) ~ a t c q u r i e s :  

t he  

Likewise, t h e  techriologiies are sca t t e red  acress a w5de range of 

invention s u b j e c t  a r e a s  and i n d u s t r i e s  with no d i s c e r n i b l e  m - e i ~ s  c f 

concLhntration. Of t h e  30 cases, 28 are  c l a s s i f i e d  as psc8duct inven- 

t i o n s  and 10  are cPass iE ied  as p r o c e s s  invenkions. However, i n  several 

of  t h e  30 cases the invention can be defLned 3s both  ;a prod~ct and R 

process .  

While most of t h e  t e c h n o l o g i e s  can  be def ined  as "iacrenrcntal"  

advances as opposed t o  "quantum leaps9" t h i s  is expec ted ,  given ?he cot?- 

ventional view of  invent ion i n  t he  20th c e n t u r y  which hu1d.s tkar there 

art very few n e w  ideas .  T h e  fai:C Lhat some of t h e  t e c l n ~ ~ l o  

c l a s s i f i e d  as "qiiaritum--leapiq techno 4 og ies  i s  w e  t h i n k ,  eiri dence of the  

w i l l i n g n e s s  of  EREP t o  s u p p o r t  more lo i ig - r a~ge ,  hi gh-r isk terhnol.ogles 

F i n a l l y ,  newness i n  the p a t e n t  sense i s  n o t  a s e l r c t i o n  r r . i t ~ ~  !on 

applied; however, it is  i n t e r e s t i n g  t o  note  that, by the t i m e  the 

g r a n t e e s  were interviewed, 27 of the '38 technologies  had been pa ten ted ,  

.______^ Non-Energy-Kelated Characteristics. 111 So Ear, t e c h n o l o g i e s  have been 

d e s c r i b e d  along dimensions deemed impor tan t  t o  program managers. There 

aaie other attributes oE these technologies t h a t  deserve  a t t e ~ t i o n  and 

h e l p  u s  understand t h e  EKTP's v a l u e  t o  the n a t i o n  as  well as  its contri-  

bution to sol.iaing o t h e r  na t iona l .  problems 

I n  a d d i t i o n  t o  a y c a t e n t i d  f o r  saving energy,  o r  f o r  i n c r e a s i n g  the 

energy s u p p l y ,  some of the technologies  c o n t r i b u t e  t o  t h e  r e s o l ~ f i o n  of 

?E 
As mandated, the program does not: fund p r o j e c t s  f o r  idea genera t ion ;  

one m u s t  a l r e a d y  have an  i d e a  already before  corning to the program. 
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ocher  n a t i o n a l  problems. Bagby's mine b r a t t i c e ,  i f  adopted,  would sub- 

s tan t : i . a l ly  improve mine s a f e t y  and t h e  healt-.h of mine workers.  

coke d e s u l f u r i z a t i o n  p s o c e s s  ~ u l d  have so lved  a major po l l .u t ion  problem 

r e s u l t i n g  Erom t h e  use of h i g h - s u l f u r  c o a l s .  The i.nventi.ons of Ben- 

Shiiiuel , Gromwell. C h i l l ,  Durbin,  J a b l i n ,  and Mahalla could > through 

a p p l i . c a t i o n ,  reduce p o l l u t i o n  from e x i s t i n g  product ion  p r o c e s s e s .  In 

addition, b o t h  Engdahl 's  and Marks' i n v e n t i o n s  are des igned  i n  t h e  long  

ruii t o  p e r m i t  d e c e n t r a l i z e d  power systems. F i n a l l y ,  Croriiwell' s aluminum 

d ross  i n v e n t i o n  i n c r e a s e s  t h e  a v a i l a b i l i t y  of a scarce r e s o u r c e .  

Baum' s 

A number of  i n v e n t i o n s  are a lso  important  because they  have t h e  

p o t e n t i a l  t o  a l t e r  a n  i n d u s t r y  and t o  e f f e c t  t h e  development of o t h e r  

t e c h n o l o g i e s ,  and/or  t h e i r  a p p l i c a t i o n s  are d i v e r s e  and p l e n t i f u l .  

'The coke d e s u l f u r i z a t i o n  p r o c e s s ,  i f  i t  had been s u c c e s s f u l ,  would 

have brought  about  a major change i n  t h e  c o a l  i n d u s t r y .  The same iiiay b e  

s a i d  f o r  t h e  impact of Karlson's p r o c e s s  f o r  l o w  cont inuous mass s e p a r a t i o n  

on the uranium i s o t o p e  s e p a r a t i o n  i n d u s t r y .  Other exaiiiples of i n v e n t i o n s  

which could change a n  i n d u s t r y  are  Wahrman's a b l a t i v e  o i l  w e l l  b i t  i n s e r t ,  

Mahalba's  h y d r o m e t a l l u r g i c a l  method of e x t r a c t i n g  copper ,  and Sach ' s  

i n t e g r a t e d  c o n c r e t e  t e c h n o l o g i e s .  

Several of t h e  i n v e n t i o n s  would a f f e c t :  t h e  development of o t h e r  

t e c h n o l o g i e s :  Engdahl 's  CVD cerarnics technology,  i f  s u c c e s s f i i l ,  wi.l.1. 

f u r t h e r  t h e  devel.opment of other:  t e c h n o l o g i e s  t h a t  are  dependent on 

t h e  a v a i l a b i l - i t y  of t h e  ceramics technology.  

F i n a l l y  many of  t h e  i n v e n t i o n s  have i u l - t i p l e ,  d i v e r s e  a p p l i c a t i o n s  

which enhance t h e i r  u s a b i l i t y ;  f o r  example., Secunda's Thexoil p r o c e s s ,  

Ragby's b r a t t i c e ,  Dornier '  s F l e x a f l o  w e t  f u e l  d r y e r s  Engdahl 's  ceramic 

p r o c e s s ,  and Karlson's new cont inuous  mass s e p a r a t i o n  system. To 

i l l u s t r a t e :  K a r l s o n ' s  p r o c e s s  is  a p p l i c a b l e  t o  r a d i o a c t i v e  waste d i s -  

p o s a l ,  uranium i s o t o p e  s e p a r a t i o n ,  plnaimaceutical  producti .on,  and water 

p u r i f i c a t i o n .  The d i v e r s e  a p p l i c a t i o n s  expand t h e  m a r k e t a b i l i t y  of t h e  

technology g r e a t l y  and enhance i t s  ,importance.  
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Summary 
_.Î___. . 

The t a r g e t  audience  inc ludes  both  t h e  g r a n t e e s  and t h e  s t a p p a r t e d  

technologies. .  Idi t h  respect t o  the. g r a n t e e s  we conclude  the fol l .cmhg:  

The 30 g r a n t e e s  are eir-her  indepeiitlent i n v e n t o r s  or s m a l l  
b u s i n e s s e s .  

The i r  j o b  experience is  d i v e r s e ,  w i t h  mmy grantees mixing a 
c o n s i d e r a b l e  number of y e a r s  as employees w i t h  m-tt reprenevriai 
e f f o r t s  

The g r a n t e e s  are moderately well educa ted ,  a l though  t h e r e  is 
a mix of e d u c a t i o n a l  background 
t e c h n i c a l  expe r i ence  i i i  t he  i n d u s t r y  fn which .the invention is  
a p p l i c a b l e  - 

arid most have c o n s i d e r a b l e  

Most. g r a n t e e s  have some i n v e n t i v e  h i s t o r y ;  however, relatively 
few have had exper ience  i n  o b t a i n i n g  govertment. g r a n t s  

With r e s p e c t  t o  the t echno log ie s  we conclude that 2 

8 The 36 i n v e n t i o n s  are  ene rgy- re l a t ed ,  

The i n v m t i o n s  funded s~ere d i v e r s e  and spanned the R&D spectrm, 

e Given t h e  c r i t e r i a  of i n t r i n s i c  worth,  p o t e n t i a l  energy impact ,  
and economic f e a s i b i l i t y ,  t h e  30 t e ~ h ~ i o l o g i ~ ~  were appropr ia te .  

Most of the i n v e n t i o n s  are i n t e r e s t i n g ,  important: and have 
c h a r a c t e r i s t i c s  which are i n  t h e  n a t i o n a l  i n t e r e s t .  

Experience __llll____._ with  t h e  Prc>$rmi 

__ Serv ices  and Opera t ion  

Given t h e  above background on  t h e  g r a n t e e s  and t h e i r  t e c h n o l o g i e s ,  

t h e  focus  of t h i s  d i s c u s s i o n  t u r n s  t o  t h e  expeccations and expe r i ences  of 

the g r a n t e e s  r e l a t i v e  t o  t h e  o p e r a t i o n  of the  program and t o  t h e i r  

assessments  of NBS and DOE, 



52 

and e x p e c t a t i o n s .  bh i le  most of t h e  g r a n t e e s  had t e c h n i c a l  problems to 

r e s o l v e  b e f o r e  t h e i r  t e c h n o l o g i e s  were ready f o r  commerc ia l iza t ion ,  non- 

t e c h n i c a l  problems were most o f t e n  c i t e d  as t h e  reason f o r  a p p l y i n g  t o  

t h e  program. When g r a n t e e s  were asked expl ic i t1 .y  why t h e y  submi t ted  

t h e i r  i d e a s  f o r  e v a l u a t i o n ,  n o n t e c h n i c a l  reasons  (e .g . ,  t h e  need f o r  

money a n d / o r  t o  e s t a b l i s h  c r e d i b l l i t y )  were most o f t e n  c i t e d  ( s e e  

Table  5) .  
e x c e p t i o n s  focused on a c q u i r i n g  moncy and ga in ing  c r e d i b i l i t y .  The 

s i m i l a r i t y  of r e s p o n s e s  regard ing  NBS and DOE sugges t  t h a t  a fcw respon- 

d e n t s  d i d  n o t  c l e a r l y  d i s t i n g u i s h  between t h e  r o l e s  of NBS and IIOE, a t  

least a t  t h e  beginning  of t h e  program. I n  some i n s t a n c e s  t h e  confus ion  

w a s  due t o  a l a c k  of in format ion ,  w h i l e  i n  o t h e r s  the  g r a n t e e s  knew t h a t  

t h e  a c t i v i t i e s  of DOE were dependent oa t h o s e  of  NBS. 

S i m i l a r l y ,  t h e i r  e x p e c t a t i o n s  of b o t h  NBS and DOE wi%h few 

Experience w i t h  NBS. NBS receives all a p p l i c a t i o n s  t o  t h e  ERLP. 

It is  t h e  r e s p o n s i b i l i t y  of  NBS t o  e v a l u a t e  t h e s e  a p p l i c a t i o n s ,  u s i n g  

t h e  c r i t e r i a  d i s c u s s e d  p r e v i o u s l y ,  and t o  reject  them o r  t o  forward 

i n v e n t i o n s  t o  DOE f o r  funding.  The review p r o c e s s  c o n s i s t s  of t h r e e  

s t a g e s :  (1) a n  i n i t i a l  d i s c l o s u r e  review stage, ( 2 )  a p r e l i m i n a r y  

e v a l u a t i o n  s t a g e  where a n  o u t s i d e  c o n s u l t a n t  reviews materials p r e s e n t e d  

by t h e  i n v e n t o r  2nd submi ts  comments t o g e t h e r  w i t h  a recommendation t o  

c o n t i n u e  e v a l u a t i n g  t h e  technology o r  t o  re jec t  i t ,  and ( 3 )  a n  i.n-depth 

eva lua t i .on  s t a g e  where a n  NBS s t a f f  e v a l u a t o r  se lects  a c o n s u l t a n t  t o  

conduct a d e t a i l e d  a n a l y s i s  and p r e p a r e  a r e p o r t .  

An i n v e n t o r  can b e  r e j e c t e d  a t  any s t a g e ,  and n o t  many i n v e n t i o n s  

are f i n a l l y  recommended t o  DOE f o r  s u p p o r t .  I f  t h e  i n v e n t i o n  is  r e j e c t e d ,  

t h e  a p p l i c a n t  receives a le t ter  s t a t i n g  the r e a s o n s  f o r  reject: i .on; i f  a 

t e c h n i c a l  e v a l u a t i o n  r e p o r t  i s  a v a i l a b l e  ( a s  w i t h  the second-stage eva l -  

u a t i o n s ) ,  i t  i s  inc luded .  I n v e n t o r s  who are turned  down may resubmit  

i n v e n t i o n s  w i t h  new i n f o r m a t i o n  f o r  r e c o n s i d e r a t i o n .  Only two of t h e  30 

cases reviewed were formal.ly r e j e c t e d  - Zinn and Mattson. 

p r e s e n t i n g  informat ion ,  and b o t h  p e r s i s t e d  and resubmi t ted .  Several o t h e r s  

had troublesome review p r o c e s s e s :  

r e j e c t e d  by o u t s i d e  consoltants, b u t  NBS o v e r r u l e d  t h e  d e c i s i o n ;  Secunda 

Both had problems 

D o r n i e r ' s  and Sach's i n v e n t i o n s  w e r e  



Table 5. Grantees expectations of agencies 

Reason for submitting invention 
for evaluation Grantee Expectations of NBS Expectations of DOE 

Agar 
Arthur 

Bagby 

Baum 
Ben-Shmuel 
Chill 

Cromwell 
Dornier 

ihrbin 

Engdahl 

Gordon 

Fitterer 

Fowler 
Haspert 

Jablin 

Jones 
Karison 
Kennick 

Mahalla 

Marks 

Technical assistance and money 

Money 
Concept validation 

Evaluation (2nd opinion) 
Evaluation 

Credibility 

Money, marketing 

Money 
Advice and help in testing; 

not money 

Money 
Credibility, money 

Money 

Money 

Money 
MOrlGy 

Money, support 

Money 

Concept validation 

Money, credibility 
Money, credibility, 

Money 
Money 

Money 
Money 
Money, endorsement 

technical assistance 

Money 

Money 
Credibility, money 
Credibility 

Nothing 

Money 
High expectations 

Money 

Money 

Money 
Credibility 
Evaluation 

Evaluation 

Evaluation, money 

Money 
Money, market 

Money, evaluation, 
endorsement 

None/maybe recornmendation 

Money 

Not aware of shift 
Nothing 

Evaluation, fast action 
Evaluation process over; 

Expected recommendation would be 

funding expected 

followed and would get support 

Contract within 30-45 days 
for money 

Money 
Money 
Request for statement, 

Money, lab study, pilot plant 
Money after prompt evaluation 

Money 

growth, funding 

Approve grant 
No more evaluation--‘action” 

Money 

and grant 
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and Woods were about  t o  be  r e j e c t e d ,  b u t  d i s c u s s i o n s  w i t h  NXS changed 

t h e  agency ' s  d e c i s i o n .  

grounds t h a t  t h e  i n v e n t i o n  c o u l d n ' t  work. 

working model. 

f o r  funding .  

I n  Wood's case, NBS te lephoned t o  reject on 

Woods t o l d  them t h a t  h e  had a 

NBS came t o  see t h e  model and recommended t h e  i n v e n t i o n  

Three i s s u e s  r e g a r d i n g  NBS' a c t iv i t i e s  were examined: 

0 t e c h n i c a l  e v a l u a t i o n ,  

* l e n g t h  of t i m e  r e q u i r e d  t o  complete  a t e c h n i c a l  e v a l u a t i o n ,  and 

0 NBS a d m i n i s t r a t i o n .  

il'echnical Evalua&-ion. The e v a l u a t i o n  of each  i n v e n t i o n  i s  t h e  

pr imary s e r v i c e  provided  by NBS, and t h a t  s e r v i c e  i s  provided  t o  DOE, 

no t  t o  t h e  i n v e n t o r .  NBS e x p e c t s ,  however, t h a t  t h e  e v a l u a t i o n  should  

a l so  he u s e f u l  t o  t h e  i n v e n t o r .  

Ques t ions  were asked d u r i n g  t h e  interviews t o  e l i c i t  t h e  g r a n t e e s '  

op in ion  of t h e  t e c h n i c a l  e v a l u a t l o n .  The g r a n t e e s  were asked t o  ra te  

t h e  t e c h n i c a l  c o n t e n t  and q u a l i t y  of t h e  e v a l u a t i o n ,  i t s  c l a r i t y ,  and 

t h e  h e l p f u l n e s s  of t h e  e v a l u a t i o n  ( s e e  Table  6 ) .  
were ob ta ined :  

The fo l lowing  r e s u l t s  

* A m a j o r i t y  of r e sponden t s  (16)  were s a t i s f i e d  o r  very 
s a t i s f i e d  w i t h  t h e  t e c h n i c a l  con ten t  and q u a l i t y  of t h e  
e v a l u a t i o n .  Only f i v e  of t h e  respondents  were d i s s a t i s f i e d  
o r  very  d i s s a t i s f i e d .  The remainder  r a t e d  t h e  e v a l u a t i o n  
"average.  " 

0 Only t h r e e  g r a n t e e s  were d i s s a t i s f i e d  w i t h  t h e  c l a r i t y  of  
t h e  e v a l u a t i o n .  
s a t i s f i e d .  

E ighteen  were e i t h e r  ve ry  s a t i s f i e d  o s  

The r e sponse  of t h e  g r a n t e e s  changed somewhat when asked t o  r a t e  

t h e  h e l p f u l n e s s  of t h e  e v a l u a t i o n :  

0 Nine r e sponden t s  were e i t h e r  d i s s a t i s f i e d  o r  v e r y  d i s s a t i s f i e d  
w i t h  t h e  h e l p f u l n e s s  o t  t h e  e v a l u a t i o n ,  w h i l e  t e n  r a t e d  it as 
average ,  and on ly  t e n  were s a t i s f i e d  o r  very  s a t i s f i e d .  

Fo r  many of t h e s e  g r a n t e e s  t h e  e v a l u a t i o n  w a s  of l i m i t e d  u s e f u l n e s s  i n  

s o l v i n g  t h e i r  t e c h n i c a l  proble.ms. The q u a l i t a t i v e  s t a t e m e n t s  i n  'Table 7 

sugges t  t h a t  t h i s  may be  because many of t h e  i n v e n t o r s  l e a r n e d  no th ing  new 
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Table 7. 

Technical assistance 
from NBS Grantee 

Agar NO 

Arthur No 

N O  

Baum No 

hn-Shmuel NO 

Chill 

Cron1well 

Dormier 

Durbin 

Engdahl 

Yes 

No 

Unclear 

No 

NO 

Comments on evaluation process 
--__ .- 

OK, but took too long. 
His expectation was that NBS would perform a 
te&nical evaluation. He was surprised that 
an outside consultant was used as an evaluator; 
in NSF proposals, peers are used. In July, 
he was contacted by second-stage evaluator 
whom Arthur believes knew little about the 
wasiewater treatment field. 
According to Bagby, the NBS evaluation had an 
enormous impact on his invention. This impact may 
be attributed to the exceptional quality of the 
evaluator chosen for the second-stage evaluation. 
Dr. Ernest M. Spokes is an articulate and respected 
authority in mine ventilation who is known both 
academically and commercially as an expert and 
authority. 
Evaluation was fair-no technical assistance. 

Never talked to an NBS evaluator; the evaluation 
merely c o n f i e d  what he already knew. He speaks 
positively of NBS. Since NBS evaluation substantiated 
his own claims, he thinks the evaluators had a 
‘‘lot on the ball.” 

Obtained “servicess” in the form of 
contact with one of the technical evaluators at the 
University of Maryland whom he visited and who gave 
him iseful advice. 
The NBS evaluation didn’t tell him anything 
he didn’t already know. The only direct contact 
Crornwell had with the program came via second-stage 
evaluator, a professor from Carnegie-Melbn 
University who visited the plant, observed 
the process in operation, then submitted his 
report to NBS. Crornwell talked to him on the 
phone two or three times. 

He dad not expect nor did he receive much technical 
assistance. In fact, Dornier couldn’t recall very 
much contact with NBS. 
Durbin feels that he had to ”educate” the NBS 
evaluators--bath internal and external-and clearly 
states that he did not rmeive any technical 
assistance from them. Ne had been working on the 
solution to the problem for many years, and 
be did not need assistance. He did need funding 
to continue his work. 
NBS provided no special services to the inventor, 
because the situation did not require such services. 
The iiiventor i s  a sophisticated technical person who 
knows his field, 



Technical assistance 
from NBS Grantee Comments on evaluation process 

.. . . .... . . . . . ..... ____... 

Fitterer No Felt that technical contentfquality of the 
evaluation was g o d  but of 110 particular value to 
him. 

contact, and helpfulness of the evaluation 
very high. Furthermore, while not requiring 
technical assistance, Fowler did feel that NBS 
evaluation forewarned him of the LP gas industry’s 
reluctance to accept his invention. 

Fowler No Rated the technical content, personncl 

Gordon 

Haspert 

Jablin 

Jones 

Karlson 

Kennick 

Mahalla 

Marks 

Mattson 

No 

NO 

NO 

No 

No 

No 

No 

No 

Yes 

Dissatisfied with helpfulness of evaluation- 
technical cantentfquality a-wrage. 

He “had no idea” what NBS would do for him “other 
than some kind of evaluation.” What resulted from 
submission was two conversations with a Dr. Chugh of 
the University of Southern Illinois at Carbondale. 
Dr. Chugh contacted the Bureau of Mines and found 
out that the Bureau was evaluating this same 
technology. BOM concluded that the technology 
would work. 

He feels that the NBS evaluation was an unnecessary 
delaying factor in obtaining a DOE grant. Jablin 
i s  a sophisticated inventor and a knowledgeable, 
expert consultant to the steel. industry. 
The fact that the invention being passed on to DOE was 
the greatest benefit derived fron the PJBS technical evaluation 
process. We did not change the hydracoil system in any way 
because of the evaluation. 
Overall assessment of the NBS cvaluation i s  that 
it was good, but the time was too long. 
No direct contact; impressed with the quality and 
thoroughness of the NBS technical evaluation. 

and positive evaluation. Had contact with second-stage 
evaluator; QO change in invention as result of NBS 
influence. 

S minimal; hoped for g d  review 

Only expected to lend credibility to concept; thought 
NBS did a fair and professional job. 
Expected NBS to show interest, maybe evaluate 
product firsthand, and eventually provide money for 
future development. Meeeived a form letter saying 
technology was state-of-the-art and one that government 
could not encourage them to pursue. Initially 
Mattson was disappointed. At Mattson’s resistance, 
NBS sent out a set of application forms to him for 
completion. Application rejected; Mattson 
persisted. NBS responded by sending a consultant, 
After seeing product and assisting with application, 
the invention was accepted. 
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Technical assistance 
from NBS Grantee Comments on evaluation process 

Norris 

Parker 

ROSS 

No Thirteenth in program, two years to get through. 
Wanted program to give credibility and prestige 
t3  product. 

Sees no real benefit from NBS evaluation. 
Worst experience was getting the evaluators to 
believe it worked. 

Expectation was to get positive evaluation and 
hopefuIly a recommendation for funding to the DOE. 
Talked to NBS contact (Robb) several times. He feels 
be received no technical assistance during the evaluation 
process. He was not encouraged to talk to second-stage 
evaluator. Perception was that NBS did not want a lot of 
communication. Evaluation confirmed idea. 

No 

NO 

Sachs 

Secunda NO 

Spelber No 

Wahrman NO 

Wood No 

Zinn No 

View of function of NBS was to validate concept at best. 
At worst, the analysis and report would provide additional 
valuable information. Sachs was turned down by outside 
evaluators and NBS overruled them. Sachs viewed this 
overruling as confirmation of the working of NBS staff. 

NBS provided no technical assistance, but did 
recommend. Secunda thinks highly of Sidney Weiser. 
His only reported contact with NBS was 
receiving copies of the NBS letter of recommendation 
and the NBS final report. His experience with NBS 
was not negative; however, it was not strongly positive. 

Very supportive of NBS: “They gave me encouragement 
by their expert analysis in the latter-stage evaluation. 
It was very much appreciated.” 
The inventor did not approach NBS for technical 
assistance, because he believed that he already had 
the technical skills to develop the product. Expected 
to be recommended for funding. Nl3S rejected once 
because it said it couldn’t be done. Wood told them 
he had it working on his carport. NBS saw it and asked 
him to resubmit. 
Experience “a loser.” As far as hc was concerned, NBS 
provided no services except ultimate endorsement and 
that took an “unbelievable” length of time. Never 
trilked to second-stage evaluator. NBS did reject 
twice. Zinn fought back and NBS helped him marshal 
his arguments, rewrite proposals, and assemble 
demonstration that eventually mversed rejections. 
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from t h e  t e c h n i c a l  e v a l u a t i o n .  Some found t h e  eval .uat ion a nuisance ;  some 

understood t h a t  i t  w a s  necessary .  I n  a few cases, t h e  i n v e n t o r  d i d  l e a r n  

something from t h e  e v a l u a t i o n  which h e  recognized  as be ing  u s e f u l .  

When asked e x p l i c i t l y  about  a s s i s t a n c e  provided by  NBS, most f e l t  

Lhat no t e c h n i c a l  assistarice had been provided,  or t h a t  services were 

rriinimal. None of t h e  g r a n t e e s  f e l t  t h a t  t h e i r  i n v e n t i o n  changed d u r i n g  

t h e  e v a l u a t i o n  p r o c e s s  as a consequence of t h e  e v a l u a t i o n .  

A p o s i t i v e  e v a l u a t i o n  was n o t ,  however, ignored  by SQIX g r a n t e e s .  

When t h e y  were asked t o  c i t e  t h e  g r e a t e s t  b e n e f i t  f rom eompl.eting t h e  

NBS p r o c e s s ,  one " f e l t  b e t t e r , "  s i x  s t a t e d  t h e r e  w a s  "no b e n e f i t , "  

13 c i t e d  e i t h e r  t h e  ' 'recommendation f o r  funding" o r  t h e  "funding" i t s e l f ,  

and 10 c i t e d  credibility r e s u l t i n g  from e v a l u a t i o n .  

T i m e .  For ALL a p p l i c a n t s  t o  NBS, t h e  average  t i m e  f o r  e v a l u a t i n g  

an accepted  a p p l i c a t i o n  is  10  weeks, w i t h  a range  of between t w o  and 

36 months. NBS i s  aware t h a t  f o r  some a p p l i c a n t s  the e v a l u a t i o n  p r o c e s s  

seemed t o  t a k e  t o o  long.  A s  a consequence, t h e  g r a n t e e s '  p e r c e p t i o n s  

of t h e  t i m e  r e q u i r e d  f o r  t h e  pKoCeSS were explored .  

A s  i n d i c a t e d  i n  Table  6 ,  20 of   he respondents  are " d i s s a t i s f i e d "  

o r  "very d i s s a t i s f i e d "  w i t h  t h e  t i m e  r e q u i r e d  f a r  t h e  e v a l u a t i o n ,  

s i x  were " s a t i s f i e d , "  and f o u r  thought  t h e  t i m e  r e q u i r e d  w a s  "average. ' I  

T h i s  p e r c e p t i o n  was a g a i n  expressed  when i n t e r v i e w e e s  were asked t o  c i t e  

t h e  wors t  t h i n g  about  NBS; 20 c i t e d  t h e  t i m e  requ:i.red t o  move 'Lhrough t h e  

NBS e v a l u a t i o n  p r o c e s s ;  two c i t e d  communication; one found that convincing 

NBS of t h e  worth of h i s  i d e a  w a s  the most d i f f i c u l t  t h i n g .  

Table  8 i n d i c a t e s  t h e  a c t u a l  l e n g t h  of time i t  took  each  a p p l i c a n t  t o  

g e t  th rough t h e  NBS p r o c e s s ,  We checked t h e  t ime-in-process  of those 

2 0  who w e r e  d i s s a t i s f i e d  and found t h a t  t h e  r a n g e  of t i m e  w a s  from 

9 t o  27 months and f o r  t h o s e  s a t i s i f e d  from 13  t o  20 months. Dissatis- 

f a c t i o n  a s  w e l l  as s a t i s f a c t i o n  a p p e a r s  t o  be u n r e l a t e d  t o  t h e  a c t u a l  

t i m e  involved - a t  least  f o r  t h e s e  30 g r a n t e e s .  One s u s p e c t s  t h a t ,  f o r  t h e  

g r a n t e e s ,  any t i m e  p e r i o d  i s  t o o  long,  and t h a t  t h e i r  responses  are a f f e c t e d  

more by e x p e r i e n c e ,  p e r s o n a l i t y ,  and need t h a n  by t h e  a c t u a l  time. These 

p e r c e p t i o n s ,  however, s e e m  t o  suppor t  NBS' contixiui.ng e f f o r t s  t o  reduce  t h e  

e v a l u a t i o n  p e r i o d ,  i f  f o r  no o t h e r  r e a s o n  t h a n  t o  reduce  t h e  a p p l i c a n t s '  

E r u s t r a t  Loris. 
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Table 8. Agonths in ERIP process 

NBS 

1-6 months ( I )  7-12 months (7) 13-18 months (12) 19-24 months (8) 27 months (1) 

Cromwell Gordon Baurn Arthur Agar 

Ben-Shmuel Chill Fowler 
Karlson Jablin Sachs 
Dornier Ba&Y Durbin 
Wood Zinn EngdahR 
Parker Kennick Jones 
Spelber 

___ - 

-. -. .- ~ 

- .- - 

Haspert Secunda 
Mahalla Wahrman 
Mattson Ross 
Norris 
Fitterer 
Marks 

DOE 

1 4  months (2) 7-12 months (19) 13-18 months ( 6 )  

_._l_l 
l_l_ ~ -..-I -___ 1__1_. 

_I_-- 

-- ._...__. ___ 

._ I I 

Dornier ROS5 Marb 
Ben-Shmuel Fitterer Norris 

Jones Secunda 

Spelber Wahrrnan 
Durbin Mahalla 
Engdahl Cromwell 
Haspelt 
Parker 
Sachs 
Fowler 
Arthur 
Mattson 
Wood 
Karlson 
J d b h  

Baum 

Bagby 
Zinn 
Kennick 
Chill 
Gordon 

. . - ~  
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It i s impor tan t  eo remember Lhat the eval i i a t ion  i s  a s e r v i c e  

provided t o  DOE. 

p r o c e s s i n g  t o  b e  t o o  l o n g ,  f r o m  Lhe p e r s p e c t i v e  of DOE personnel  t h e  

ra te  a t  which recommendations are  rece ived  i s  s a t i s f a c t o r y .  

While many g r a n t e e s  perce ived  the  t i m e  r e q u i r e d  f o r  

A d d n i s  brution. 'The g r a n t e e s  are q u i t e  p o s i t i v e  about  o t h e r  a s p e c t s  

of the program a d m i n i s t r a t i o n  a t  NBS. Most found the p e r s o n a l  c o n t a c t  

w i t h  NBS s a t i s f a c t o r y ;  most w e r e  s a r i s f i e d  wtth the c l a r i t y  of t h e  

e v a l u a t i o n  form,  t h e  tone  and wording of  the correspondenccB and NBS 

at~ention t o  c o n f i d e n t i a l i t y .  

Experience w i t h  . . . . . . .- DOE. -_ Upon be ing  recommended f o r  s t ippor t  , t h e  

inventor r e c e i v e s  ,z letter from DOE acknowl-edging t h e  recommendation and 

d e f i n i n g  what t h e  i n v e n t o r  needs t u  do t o  ac tua l - ly  receive funding.  

The most irnpoxrtant s t e p  i n v o l v e s  the devel.opment of a mutua l ly  

agreed--upon wcrk statement. Pote.nt . ial  g r a n t e e s  are  asked t o  submit 

a p r o p o s a l  t o  rd-ii-ch DQE responds.  The process  u s u a l l y  i n v o l v e s  a p e r i o d  

G F  n e g o t i a t i o n  d u r i n g  wh.ich DOE n o t  o n l y  evaluates t h e  p r o p o s a l  b u t  a l s o  

the inverz'ior. I h  de te rmining  what should b e  inc luded  i.n the work state- 

menr., DOE i s  i n f l u e n c e d  main1.y by three f a c t o r s :  (1) the s t a g e  of develop- 

merit of the i n v e n t i o n ,  ( 2 )  t he  NBS e v a l u a t i o n  which u s u a l l y  d e f i n e s  t h e  

"next- step" t h e  i n v e n t o r  should t a k e ,  and (3) the amount of  funding 

a v a i l a b l e  
- During t h e  t i m e  when t h e s e  c a s e s  were be ing  processed ,  DOE con- 

s i d e r e d  it  a p p r o p r i a t e  t o  Eund a range o f  a c t i v i t i e s  in t h e  pre-  

commercialization phases  o f  t h e  RhD p r o c e s s .  T h e  a c t i v i t i e s  f a l l  i n t o  

f i v e  major c a t e g o r i e s :  basic R&D, e a r ly  t e s t i n g ,  l a te  t e s t i n g ,  proto-  

t y p e  b u i l d i n g ,  an3 b u s i n e s s  and product ion  planning.  A s  an  a d m i n i s t r a t i v e  

d e c i s i o n  the DOE has  n o t  funded  tasks s p e c i f i c a l l y  d i r e c t e d  a t  marke t ing ,  

although  SON^ grariiees perce ived  t h a t  t h e  o f f i c e  gave some indi rec t :  

rnairkethg a s s i s t a n c e ,  

A s  with t h e  NBS, w e  reviewed t h e  e x p e r i e n c e s  and p e r c e p t i o n s  of  t h e  

g r a n t e e s  r e l a t i v e  t o  t h e  DOE process .  A t  t h e  t i m e  of t h e  i n t e r v i e w  
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all of the interviewees had negotiated work statements and, with the 

exception of Agar, had received funding. Some of the grantees, however, 

were still completing the work required under the DOE contract. 

When the work statements wire negotiated, eight grantees were in 

the idea-evaluation-and-development stage; 15 were in product/process 

evaluation and refinement (e.g., early or late testing and prototype 

construction), and seven were aL the new-venture initiation stage. 

Table 9 includes a summary of the tasks defined in the work statement 

for a l l  the grantees. Cases are grouped according to the stage of 

development of the technology a': the time of submission. Six grantees 

received money for basic research. This work included feasibility 

studies, development of bench scale models, etc.  Two grantees received 

funds to undertake early testing of their product/process; 11 were 

funded for late testing; 14 were funded to construct prototypes; 

four were given funds for business and production planning. 

number exceeds 30,  because some work statements included two or more 

tasks. 

(The total 

In addition to receiving funds which permitted them to further 

develop their inventions, the grantees identified other forms of 

assistance received from DOE (see Table 10): contacts/referrals to 

government, business, or academia; technical and clerical advice; and 

information. 

While the expectations of many inventors were that as soon as rhey 

were recommended to DOE the money would be forthcoming, their experience 

was different. 

of the first check ranged from 6 to 15 months. A s  with NBS, a number of 

grantees ( 1 2 )  experienced frustration with the time required to process 

their project: (see Appendix for Harry Wood's colorful account). One 

specific concern of the grantees was the delay resulting from the 

procurement process (that is, the time it took from finalizing the work 

statement with a program officer, to receipt of contract, to receipt of 

funds). 

The time from receipt of the negotiation letter to receipt 

In addition to the above operational problems, the paper-pushing 

and bureaucratic maze were identified by several grantees as the greatest 
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Table 9 ~~Q~~~~~~~~ 

RedtS  Task in work W ~ r k  sratement 
Grantee statement completed 

Stage at time 
of  submission _- 

Prototyp development 

Prototype development 
and testing 

and testing 

Prototype development, 
testing (Gromwell had 
a working model which 
was used in limited 
production of product) 

Prototype development 
and resting 

Prototype development 
and testing 

Prototype testing 

Working mdel  prototype 

Laboratory examhatim 

Build and test brattice 

Completion of protorype development 

in mine; refine design 

and tests by respectable 
technical organization 

Construct prototype to test 
design and complete modifications; 
S Q ~ V ~  remaining technical problems; 
acquire impact mil1 and define an 
appropriatt: design 

Build and test three 
breadboard prototypes; 
assess production factors; 
select most promising prototype 

Safety testing by 
reputable laboratories 

Build larger prototype 
and do more testing 

Test initial consumes 
acceptance studies 

Xdentify variables that 
influence gr~wtb rate of 
crystals; alter ~ ~ ~ s ~ ~ a ~  
 et^ of the cell 

~~~o~~ col$stor 

analysis; pwos ~~~~~~t~~~ atiaarstes 

Build test facility; 

BUkld f K h € d 3  XBdd of 

~ ~ ~ s ~ ~ ~ ~ t ~  study; mnomic 

In progress 

Yes 

‘Yes 

Yes 

Ye5 

Ye3 

In progress 

Yes 

Limited production arid 
marketing 

Chili is  between 
prototype d e ~ i e l Q p ~ ~ n t  and 
limited marketing 

Six months away from 
full p ~ ~ M ~ ~ ~ O n / ~ ~ r ~ ~ ~ ~ l ~  
(orders are in hand,  facto^ 
being completed) 

P K O K O ~ ~ ~ Z  ~ ~ v ~ ~ o p ~ ~ ~ t  
testing; ~ W Q  working models 
have been tested, and research 
laboratory in Canada 
~ s t a b ~ ~ s ~ e ~  to continue work 

Limited ~~~~~~~~g 

Larger prototype testing 

Limited marketin 
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Stage at time 
of submission Grantee Task in work 

statement 
Work statement 

completed Results 

Limited production Fowler Operate demonstration 
and marketing project to manufacture 

four barns; install 
and monitor 
performance 

(In conjunction with effort 
received $360,000 line of 
credit from SBA) 

Limited production 
and marketing 

Norris Market study 

Sachs Testing by reputable laboratories for Yes 
seal of approval on product 

*. z3;m Testing UT product r e8 

Discontinued production 

Discontinued 

Limited 

Fuii production and 
marketing 
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Contncts/Rcferrals Publicity Advice Information Miscelbneons 

Arthur Arthur Bagby Haspert Kcnnick (time extension) 

Durbin Dornier Jablin Baum Marks (additional support to 
Naval Postgraduate School 
at Monterey) 

Ben-Shmnel Mahalh Mattson 

Karlson %ChS S X R S  

s x u n a a  Wahrman Baum 
Ross 
Nomk 
Wahman 
Zina 



d i f f i c u l t y  w i t h  t h e  DOE o p e r a t i o n .  

enough; two s t a t e d  t h a t  t h e  a d d i t i o n a l  e v a l u a t i o n  of t h e  i n v e n t i o n  by DOE 

w a s  unnecessary ;  one c i t e d  a rude  s e c r e t a r y ;  and f o r  one t h e  g r e a t e s t  

d i f f i c u l t y  w a s  g e t t i n g  marke t ing  a s s i s t a n c e .  S ix  g r a n t e e s  had no 

d i f  f l c u l t i e s  . 

Two mentioned t h a t  t h e  money wasn ' t  

l a e n  asked t o  c i t e  the " b e s t  t h ing"  about  t h e  DOE o p e r a t i o n ,  a more 

p e r s o n a l  dimension of t h e  progr,sm w a s  r evea led .  Idhile g e t t i n g  r h e  money 

w a s  most f r e q u e n t l y  c i t e d ,  a number of g r a n t e e s  made s p e c i f i c  r e f e r e n c e  

t o  h e l p f u l  program pe r sonne l .  

..___I O v e r a l l  Assessment of t h e  Program by Grantees  

With few excep t ions  t h e  g r a n t e e s  are v e r y  p o s i t i v e  about  t h e  program. 

They would resubmi t  t o  t h e  program i f  they  had o t h e r  i n v e n t i o n s ,  o r  they  

would recommend the program t o  other i n v e n t o r s .  Moreover, t h e i r  response  

t o  t h e  q u e s t i o n  '%hat i s  t h e  b e s t  t h i n g  t h a t  happened t o  you as a r e s u l t  

of p a r t i c i p a t i n g  i n  t h e  ERIP?"  i n d i c a t e s  t h a t  most i n v e n t o r s  g o t  what 

they  wanted from t h e  program ( i , e . ,  money and /o r  c r e d i b i l i t y  o r  endorse-  

ment of  t h e i r  i d e a ) .  The t i m e  r e q u i r e d  t o  g e t  Eundlng from t h e  program 

w a s  most o f t e n  c i t e d  as t h e  most d i f f i c u l t  t h i n g  about  p a r t i c i p a t i n g  i n  
the program. 

When t h e  g r a n t e e s  were que r i ed  as t o  s p e c i f i c  changes which each  would 

make i n  t h e  o p e r a t i o n  of t h e  program, t h e i r  r e sponses  are s p e c i f i c .  

I n t e r e s t i n g l y ,  t h e y  do n o t  f o c u s  on t h e  t i m e  problem as much as one 

might expec t  from p rev ious  comments b u t  i n c l u d e  i s s u e s  r e l a t e d  t o  

communication, m a r k e t i n g l p u b l i c i z i n g ,  level of funding ,  and t e c h n i c a l  

e v a l u a t i o n  ( s e e  Table  11). 

Summary 

Eased on t h e  p r e c e d i n g  d i s c u s s i o n  we conclude  I 

0 The g r a n t e e s '  op in ion  of t h e  s e r v i c e s  provided by NBS and DOE 
i s  s a t i s f a c t o r y .  

e NBS i s  most f r e q u e n t l y  perce ived  as a condu i t  through which 
a n  i n v e n t i o n  m u s t  pas s  t o  g e t  funding ,  a l though  a f e w  g r a n t e e s  
perceive b e n e f i t s  t o  be de r ived  from a n  independent  e v a l u a t i o n .  
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9 The t i m e  r e q u i r e d  t o  move t h e  i n v e n t i o n  from t h e  submiss ion  
s t a g e  t o  t h e  funding  s t a g e  i s  perce ived  t o  b e  t o o  long .  

* ,Ill phases  of  t h e  E R I P  p r o c e s s  are p e r c e i v e d  t o  c o n t r i b u t e  t o  t h e  
t i m e  d e l a y s .  

e The NBS e v a l u a t i o n  i s  perceived t o  provide  l i t t l e  t e c h n i c a l  
a s s i s t a n c e  t o  t h e  g r a n t e e .  

I n d i v i d u a l  DOE s t a f f  mzmbers w e r e  s p e c i f i c a l l y  c i t e d  as having  
performed t h e i r  j obs  we11 - 

0 The recommendations f o r  funding and c r e d i b i l i t y  are most 
f r e q u e n t l y  tnentioned a:; a b e n e f i t  from t h e  NBS e v a l u a t i o n .  

A d d i t i o n a l l y ,  program p a r t i c i p a n t s  made t h e  f o l l o w i n g  g e n e r a l  

assessment  of  t h e  program: 

Q Grantees  are p o s i t i v e  about  t h e  program. 

* T h e  b e s t  t h i n g s  about  t h e  program which were c i t e d  were "money" 
and " c r e d i b i l i t y .  ' I  

0 The t i m e  r e q u i r e d  f o r  p r o c e s s i n g  w a s  most o f t e n  c i t e d  as t h e  
most d i f f i c u l t  t h i n g  about p a r t i c i p a t i n g  i n  t h e  program. 

Q I n  a d d i t i o n  t o  t i m e ,  problems are  c i t e d  re la t ive  t o  
communication, marke t ing ,  p u b l i c i z i n g ,  l e v e l  of funding ,  arid 
t e c h n i c a l  e v a l u a t i o n .  

0c.t comes 
-l_l- 

I n  t h i s  s e c t i o n  w e  review t h e  outcomes of t h e  program. Because 

the program i s  r e l a t i v e l y  young, and t h e  t i m e  r e q u i r e d  f o r  some funded 

t e c h n o l o g i e s  t o  p r o g r e s s  through the i n n o v a t i o n  p r o c e s s  is  s o  l o n g ,  t h e  

outcomes i d e n t i f i e d  do n o t  i n c l u d e  a11 p o s s i b l e  outcomes. However, 

t h e r e  is  s u f f i c i e n t  ev idence  a t  t h i s  e a r l y  d a t e  t o  s t a t e  t h a t  t h e  program 

i s  meet ing i t s  g o a l s  and o b j e c t i v e s .  Not o n l y  d i d  t h e  p r o j e c t s  move one 

s t e p  as d e f i n e d -  by t h e  work s t a t e m e n t ,  b u t  near ly  50% o b t a i n e d  a d d i t i o n a l  

s u p p o r t  and,  s u r p r i s i n g l y ,  s i x  of t h e  g r a n t e e s  have a l r e a d y  commercialized 

p r o d u c t s .  T h i s  l a t t e r  fac t  exceeds a11 e x p e c t a t i o n s  f o r  so e a r l y  a 

r e v i e w  of the outcomes of the program. 

I11 e x p l o r i n g  the q u e s t i o n  of outcomes, g r a n t e e s  were asked LO 

i d e n t i f y  two classes of  outcomes: t a n g i b l e  and i n t a n g i b l e .  
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Tangib le  outcomes are  d e f i n e d  as t h o s e  which a r e  d i r e c t :  y o b s e r v a b l e ;  

i n t a n g i b l e  outcomes are  t h o s e  which cannot  b e  seen ,  touched, OT e a s i l y  

q u a n t i f i e d  (e*,g. ,  a n  i n c r e a s e  i n  knowledge, improved a b i l i t y  t o  e s t a b l i s h  

a c o m m r c i a l  v e n t u r e )  - When t h e s e  a l e  combined a r e a s o n a b l y  complgte 

p i c t u r e  of t h e  outcomes r e s u l t i n g  from p a r t i c i p a i - i o n  i n  the program i s  

obr a i n e d .  

' l 'aneible Outcomes 

A rev iew of tile e v e n t s  i d e n t i f i e d  as t a n g i b l e  outcomes by respondents  

r e s u l t e d  i n  our  s e l e c t i n g  f o u r  g e n e r a l  c l a s s i f i c a t i o n s  : 

* complet ion of work s t a t e m e n t ,  

* t h i n g s  t h a t  r e s u l  t e d  i n  i i i c r e a s i n g  t h e  c r e d i h i l i r y  and v i s i b i l i t y  
of t h e  g r a n t e e  whjch i n  t u r n  improved h i s  chances of a c q u i r i n g  
c a p i t a l  i n  o r d e r  t o  c o n t i n u e  h i s  work o r  to licerise, sell-; or 
o t h e r w i s e  commercial ize  t h e  i n v e n t i o n ,  

@ e v e n t s f o c c u r r e n c e s  t h a t  changed t h e  s t a t u s  of t h e  g r a n t e e s '  
busi .nesses,  and 

@ i n c r e a s e d  sales of product  or o t h e r  e v e n t s  i n d i c a t i n g  t h e  
p r o d u c t l p r o c e s s  achieved commerc ia l iza t ion .  

Work ___ Statement .  -. . Completion of t h e  work s t a t e m e n t  i s  cons idered  

a t a n g i b l e  outcome: i t  r e p r e s e n t s  t h e  mutual1.y nego.ti.ated scope of  

work s e t t i n g  f o r t h  t h e  ERLP and g r a n t e e  p e r c e p t i o n s  of t h e  lrnext s t e p r r  

which must b e  completed with t h e  one-time Eunding i n  o r d e r  t o  p r o g r e s s  

toward commerc ia l iza t ion .  Completion of the work s t a t e m e n t  shou ld  1.eave 

t h e  g r a n t e e  i n  a good p o s i t i o n  t o  ob ta in  suppor t  f rom o t h e r  s o u r c e s  i f  

necessary .  

I f  t h e  g r a n t e e  completes  t h e  work s t a t e m e n t ,  t h e n  a c c o r d i n g  t o  t h e  

DOE a n t i c i p a t e d  outcomes ( s e e  S e c t .  I) h e  should b e  a b l e  t o :  

compete e f € e c t i v e l y  i n  o b t a i n i n g  c o n t r a c t s  from o t h e r  s o u r c e s ,  
( i n c l u d i n g  e x i s t i n g  p u b l i c  programs) t o  pel-mit f u r t h e r  develop- 
ment of t h e  i n v e n t i o n ;  o r  

assemble,  w i t h  some conf idence  of s u c c e s s ,  t h e  people  and cap i t a l  
n e c e s s a r y  t o  produce and market t h e  i n v e n t i o n  through a b u s i n e s s  
e n t e r p r i s e  i n  which t h e  i n v e n t o r  i s  a major p a r t i c i p a n t ;  o r  
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0 n e g o t i a t e  m u t u a l l y  b e n e f i c i a l  arrangements  w i t h  a n  e x i s t i n g  
company t o  deve lop  the in-gention f o r  commerc ia l iza t ion .  

Table  9 i d e n t l f i e s  and d .escr ibes  t h e  s t a t u s  of t h e  p r o j e c t  and 

b r i e f l y  d e s c r i b e s  the work tasks conta ined  i n  the g r a n t .  

O f  t h e  2.5 g r a n t e e s  who completed t h e  work s t a t e m e n t ,  48% (12)" 

r e p o r t e d  b e i n g  i n  the p r o c e s s  of t a k i n g  the next  s t e p  O K  having  a l r e a d y  

taken i t  ( i . e . ,  having ac.hli.eved t h e  ERIP  a n t i . c i p a t e d  outcome) - T h i s  pe r -  

c e ~ i t a g e  would b e  o v e r  50% i f  Bagby were i n c l u d e d ,  because  h e  i s  c u r r e n t l y  

s e l l i n g  h i s  product .  

I:n one case, t.hat of Agar, t h e  g r a n t  w a s  no t  made; t h e r e f o r e ,  h e  

i s  n o t  i n c l u d e d  i n  the t a b u l a t i o n  o f  r e s u l t s .  I n  f o u r  cases t h e  work 

s t a t e m e n t  i s  n o t  complete;  i n  two of t h e s e  cases (Kennick and Ragby) 

p ~ o g r e s s  was made, b u t  t h e  g r a n t  is n o t  y e t  t e r m i n a t e d ;  i n  t w o  cases 

(Marks and Gordon) t h e  g r a n t e e s  were u n a b l e  t o  complete  t h e  work w i t h  t h e  

f u n d s  r e c e i v e d  - i t  a p p e a r s  that  there w a s  t o o  much work r e q u i r e d  f o r  the 

funds a l l o c a t e d .  For t h e  purpose  of t h i s  s e c t i o n ,  complet ion i s  d e f i n e d  

as 1iavi.ng the f i n a l  r e p a r t  i n  p r o g r e s s  o r  already submi t ted  t o  t h e  ERIP. 

C r e d i h i l i Q  ._____._._____.__II_. and V i s i - b i l u .  In some cases, e v e n t s  occur red  t h a t  

l e d  t o  i n c r e a s e d  c r e d i b i l i t y  and v i s i b i l i t y  f o r  t h e  g r a n t e e  and h i s  

p-rrodul;.% o r  process.. The i n t e r v i e w e e s  r e p o r t e d  t h e s e  as t a n g i b l e  e f f e c t s .  

Most of these e v e n t s  f e l l  i n t o  t x o  c a t e g o r i e s :  p u b l i s h e d  ar t ic les  o r  

r e p o r t s  and a t t e n d a n c e  at t h e  D r .  Dvorkovi tz  Technology E x p o s i t i o n  i n  

A t l a n t a .  The f i r s t  r e s u l t e d  i n  p u b l i c  acknowledgment of t h e  technology ' s  

v a l i d i t y  and v a l u e ;  t he  second had t h e  s a m e  e f f e c t  and w a s  a l s o  a n  oppor- 

t u n i t y  f o r  the g r a n t e e  t o  d i s p l a - y  h i s  t e c h n o b g y  and m e e t  o t h e r s  who w e r e  

:i r i t e r e s t e d  i n  i t s  development and commerc ia l iza t ion .  Whether t h e s e  

contacts will resu l t  i n  a c t u a l  sales o r  l i c e n s i n g  agreements  remains t o  

be seen. Nonethe less ,  t h e  i n t e r v i e w e e s  r e p o r t e d  the.m as t a n g i b l e  outcomes 

of t h e i r  p a r t i c i p a t i o n  i n  EKIP (see Table 1 2 ) .  

A 

J n b l i n ,  Cromwell, Durbin,  Mattson, S p e l b e r ,  IJahrman, Wood, Zinn, 
Sachs Ben-Shmuel, Ar thur  and C h i l l .  



Table 12. Tangible outcomes 

Grantee Credibility and 
visibiiit y 

Financial and 
business 

Agar 

Arthur 

Bagby 

Baum 
Ben-Shmuel 

Chill 

Cromwell 

Dornier 

Durbin 

Engdahl 

Fitterer 

Fowler 

N/A 
Exhibited a t  “Tech Ex”; 
M I T  case study; 5-Star 
Award from Pollution 
Engineering Magazine 

Coal Age article by well- 
respected member of 
mining industry 

None 

None 

Exhibited a t  “Tech Ex”; 
testified at OSHA 
hearings 

NBS technical evaluation 
and DOE grant generated 
credibility in acquiring 
capita i 

Technical paper published 
by M I T  professor 

Established RCD lab in 
Vancouver; Canadian policy 
changes including a $5 million 
commitment from government 
for R&D; conducted a world 
conference on use of methane 
in motor vehicles 

None 

None 

None 

N / A  

$l00,008 SBA loan; submitted 
other proposals to support 
related work; wrote business 
plan; hired one technician 

Used NBS evaluation report 
in technical report and 
business brochure 

None 

$400,000 SBA loan; now has 
250 employees 

Grant from Department of 
Defense for 540,000 to 
develop spccific application 
of cold process 

$200,000 SBA-guaranteed loan; 
$450,000 private capital 
$700,000 from city; leased 
building with option to buy 

Kone 

None 

Product / process 
cornmercidization 

N / A  

Sold two units; developing new 
applications 

Sold some units to western coal 
companies 

None 

Increased sales from a few units to 
$25 million per year 

Beariags and bushings are being sold 

Letters of commitment in hand 
represent an excess of $10 million 
in first-year sales; production 
initiated early in 1982 

None 

None 

None None 

Business bankrupt 

Kept business alive one year 

Increased use of product by industry 

.None 



Table 12 (continued) 
~ ~~ ~~~ ~~~ 

Credibility and Financial Prc!duct/process 
visibility business commercialization Grantee 

Haspert 
Gordon 
Jablin 

Jones 

Karlson 
Kennick 

Mahalla 

Mattson 

Marks 

Norris 

Parker 
Ross 
Sachs 

Secunda 

Spelber 

World Mining article 
None 
None 

None 

None 

Published research findings 

Exhibited at ‘Tech Ex”; 
formulated a solid 
technical report 

None 

None 

None 
None 
None 
Exhibited at “Tech Ex”; 
received three awards 

None 
None 

Hired two people 

None 
Company offered to buy his 
company; he refused 

Grant covered administrative 
and overhead costs; helped 
him start business 
None 

Hired scientist 
None 

Established contact with 
marketing firm; employed about 
six people; business became 
=realn upon DOE funding 
Referred to another funding 
source; obtained R&D funds 
None 

None 
None 

Finalized two new business 
arrangements to market his 
technology; developing business 
plan 
None 

None 

None 

None 
None 

None 

None 

None 

None 

Established small production 
facility; sold turnkey plant to 
Phillipines; increased sales to 
about $2,600,000 per pear 

None 

None 
None 
Bid jointly on construction 
venture; awaiting news of award; 
negotiating for support from 
State of Michigan 

None 
Raised $2 million from 
public offering 

old 



Table $2 (cosmtieued) 

Credibility and Financial Product/process 
commercialization visibility business Grantee 

Wahrman Exhibited a i  “Tech Ex“; Expanded business; Sandia Lsbs None 
generated publicity and 
contacts; appointed to $150,OOO 
President Reagan’s Energy 
Council 

performed tests valued a t  over 

Wood None Sold design rights to a company Sold 8 custom-built units 

Zirin Exhibited at “Tech Ex” $358,000 SBA !om a t  7% None 

that subsequently sold five wits 

interest 
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Business and Financial. In nearly all of the cases, events occurred 

which impacted on t.he business and financial status of the grantee. 

events include hiring personnel to work on the project, capital acquisi- 

tion, business expansion, and making contacts with potential buyers. 

These 

ProductlProcess Commercialization. Items noted in Table 12 are 

tangiblF outcomes identified by interviewees which demonstrate comer- 

cialization (i.e., sale of at least one unit) of inventions. 

The reader w i l l  note that in nine cases the product has been sold 

o r  the amount of product sold has increased. This outcome i s  only an 

indicator of the potential impact of the program, since most of the 

grant work statements have been completed during the pa.st year. An 

annual interview over a period o f  seven to ten years would provide much 

more reliable information regarding commercialization of ERIP-supported 

technologies. 

Intangible Outcomes 

During the course of the interview, grantees were asked to identify 

intangible outcomes of their participation in the ERIP.  

broad spectrum of such outcomes were identified, most fell within groups 

which could be termed "increased knowledge" and "increased skills, '' 
Table 13 contains of list of these outcomes. 

Although a 

Intangible outcomes are important to this evaluation, because they 

are results of program participation that may obviate the need fo r  a 
grantee to seek government support or assistance in the future. It 

appears that, upon completing an ERIP  project, a grantee is more 

aware of the importance of carefully completing such tasks as planning; 

therefore, he is better prepared to complete the necessary tasks 
successfully without government guidance or financial support. 
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Bnsreasd skills 

L E X ~ E ~  to deal ifviih federal bureaimacy 
Increased ability to get federal. fun& 
rGa;ned Bo# eo patcne inventions and make money 
Ga in4  expxienm in dcvelopirng fv d i n g  S(PUTCe8 
Isarmed inportzncc of planning 

IRCTeamd ~~~~~~~~ and ~~~~~~~~~ 

Incrcasd knowledge of industry interas; market 
IPeightened interest in technology by industry 
More knowlcdge about limnsing ~ r o 6 e s s  
Awareness of the “painfully s l o ~  rate of innovation within large 

Pctkr hiowledge of how to deal with major manufacturers 
Increasd knowledge of the techrical fiield/problem 
Improved knowledge of government system/ERHP 

Anacrican auto csmpanie-” 

Ificreascd rate of progress on project 

Whea 

Government seal of approval is uscful 
Able to help another ERIP participant 
Cpportuaity to wsrk with industry 
Positive working relationship with ERXP personnel 
ZBSt time 
Dzw.clsp@d negative view of ERRIP 
Univeisitjr g a h d  some increase in stature 
Negatiivc view of functioning of bureaucracy 
Learned energy conservation was not a critical 

Deve:!opd spin-off invsntion/idea 
national conwm 

Opprturaity for inventor’s pr~fes~iorpal dcvcbpment 
E~.tablishcd good relationship with local 

financial community 

Ben-Shmuei 
Dornier, Barker 
Mattson 
Cromwell 
Crcu.mwell 

Durbin, Fowlcr 
Kennick, Fitterer 
Durbin 
Durbin 

Dnrhin 
Dornicr, Ross 
Haspert, Gordon 
Marks 
Mahalla, Wood 
Arthur, Parker 
Sachs, Karlson, Fitteree, 
Arthur, Engdahl 
Kennick. Cromwell 

Agar 
Chill 
Durbin 
Dornier, Wood 
Jahlln 
Norris 
Mahalla 
Zinn 
Fowler 

Cromwell, Karlson 

Mahalla 
Cromwell 

wood 
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Eased on the preceding discussion, the outcomes may b e  summarized 
as follows: 

* The tangible results of participating in the program identified 
by the grantees included increased visibility and credibility as 
well as  additional business and financial support. 

* Five of the 30 cases achieved full commercialization. 

* In all but three cases the gran tees  have moved one s t e p  as 
defined by the work statement. 

0 In 48% of the cases t h e  grantees were able t o  acquire other 
support after completing the work statement (representing ''one- 
step, one-time" funding), thereby achieving ERIP's anticipated 
outcomes. 

* Intangible results most frequently mentioned were credibility 
and visibility. 
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The NBS i s  performing i t s  mandat.ed service f o r  DOE -- e v a l u a t i n g  
and recommending promising i n v e n t i o n s .  

The DOE meets i t s  o b j e c t i v e  of deve loping  a mutua l ly  a c c e p t a b l e  
c o u r s e  of a c t i o n  t o  b e  pussued, by e a c h  recommended a p p l i c a n t ,  
w i t h  f e d e r a l  a s s i s t a n c e .  Given t h e  number of  g r a n t e e s  who com- 
p l e t e  t h e  work s t a t e m e n t s ,  DOE i s  e f f e c t i v e  i n  d e f i n i n g  t a s k s  
which can b e  accomplished wi-th t h e  money provided.  

U h i l e  t h e  e v a l u a t i o n  p r o c e s s  a t  NBS seems t o  provide  1 - i t t l e  
t -echnica l  a s s i s t a n c e  t o  g r a n t e e s ,  i t  i s  n o t  obvious t h a t  such  
a s s i s t a n c e  i s  needed o r  wanted. 

The perce ived  need of t h e  mandated audience  f o r  c r e d i b i l i t y ,  
v i s i b i l i t y ,  and money sclggest t h a t  f i n a n c i a l  s u p p o r t  i s  n o t  
a lways t h e  most cfsective means O K  s u p p o r t i n g  i n v e n t o r s  who 
come t o  t h e  program l a c k i n g  b u s i n e s s  e x p e r i e n c e  and/or  having  
l i m i t e d  r e s o u r c e s .  

On t h e  whole, E R I P  i s  d e l i v e r i n g  che mandated s e r v i c e s .  However, 
t h e r e  a re  a number of areas which need a t t e n t i o n  ( e . g . ,  corrnnuni- 
c a t i o n ,  expans ion  of t h e  range  of s e r v i c e s ,  t i m e  t o  p r o c e s s  t h e  
g r a n t ,  t h e  mechanism f o r  NBS e v a l u a t i o n ) .  

h jo in t -agency  mode of o p e r a t i o n  has  surv ived  t h e  test of  t i m e  
and provided s p e c i a l  b e n e f i t s  f o r  program g r a n t e e s .  

The outcomes from t h e  30 cases have l e d  t o  the fo l lowing  c o n c l u s i o n s :  

Given t h e  number of cases which have moved (one s t e p )  forward,  
a c q u i r e d  a d d i t i o n a l  s u p p o r t ,  o r  achieved commerc ia l iza t ion ,  t h e  
program i s  meet ing i t s  mandated g o a l s  and o b j e c t i v e s .  

@ 'The number of  cases which reached commerc ia l iza t ion  w a s  
unexpectedly l a r g e ,  g i v e n  t h e  s h o r t  p e r i o d  of t i m e  i n  which t h e  
program has been o p e r a t i n g .  T h i s  outcome i s  a consequence of 
funding  a number of t e c h n o l o g i e s  c l o s e r  t o  commercia1izati.o-n. 

@ Given t h e  number of c a s e s  where commerc ia l iza t ion  o r  f u r t h e r  
s u p p o r t  w a s  ach ieved ,  t h e  DOE p o l i c y  of one-step,  one-time 
fundi-ng i s  e f f e c t i v e  i n  p r e p a r i n g  t h e  g r a n t e e  t o  c o n t i n u e  
development a t  t h e  t e r m i n a t i o n  of t h e  g r a n t .  

@ The i n t a n g i b l e  outcomes of c r e d i b i l i t y  and v i s i b i l i t y  a s s i g n e d  
t o  t h e  t e c h n i c a l  e v a l u a t i o n  r e p o r t  s u g g e s t  t h a t  c a r e f u l  
a t t e n t i o n  b e  paid t u  r h e  u t - i l i t y  and importance of t h e s e  
outcomes b e f o r e  roodifying t h e  e x i s t i n g  i n v e n t i o n  and e v a l u a t i o n  
p r o c e s s .  







DISCUSSION ISSUES 

T h i s  s e c t i o n  o f  t h e  r e p o r t  c o n t a i n s  a d i s c u s s i o n  of the major 

e v a l u a t i o n  i s s u e s  i d e n t i f i e d  p r i o r  t o  and d u r i n g  t h e  e v a l u a t i o n ,  as w e l l  

as t h e  recommendations of t h e  e v a l u a t i o n  t e a m .  The d i s c u s s i o n  i s s u e s  

are t h o s e  t y p i c a l l y  r a i s e d  duri- ig  a f e d e r a l  program e v a l u a t i o n  t o  

p r o v i d e  program managers w i t h  i , i format ion  on which t o  b a s e  management 

d e c i s i o n s  and t o  develop and r e c o n s i d e r  p o l i c i e s  f o r  t h e  program. They 

are: 

0 the t a r g e t  audience ,  

0 t h e  ERIP  services, 

* t h e  ERIP  o p e r a t i o n ,  arid 

0 the r o l e  of t h e  program i n  t h e  i n n o v a t i o n  p r o c e s s  as def ined  
by t h e  outcomes ( b o t h  t a n g i b l e  and i n t a n g i b l e ) .  

I n  d i s c u s s i n g  t h e s e  i s s u e s ,  b o t h  t h e  e v a l u a t i o n  d a t a  and e x p e r t i s e  

of e v a l u a t i o n  t e a m  members are t a k e n  i n t o  account .  The r e a d p r  w i l l  f i n d  

c o n v e n t i o n a l  wisdom, r e s u l t s  of p r e v i o u s l y  conducted r e s e a r c h ,  and t h e  

ERIP e v a l u a t i o n  r e s u l t s  interwoven i n  t h e  d i s c u s s i o n  of each i s s u e .  

F i n a l l y ,  recommendations are made w i t h o u t  any discussion because  

t h e y  are  s e l f - e v i d e n t  when t h e  i s s u e  d i s c u s s i o n  and t h e  e v a l u a t i o n  

r e s u l t s  are cons idered .  

- T a r g e t  Audience 

The t e r m  " t a r g e t  audience" r e f e r s  t o  t h e  s p e c i f i c  group a program 

a t t e m p t s  t o  r e a c h  and serve. I n  t h e  case of t h e  Energy-Related Inven- 

t i o n s  Program, t h e  t a r g e t  audience  i s  mandated by e x i s t i n g  l e g i s l a t i o n ;  

t h e  program must e v a l u a t e  " a l l  promising e n e r g y - r e l a t e d  i n v e n t i o n s ,  

p a r t i c u l a r l y  t h o s e  submi t ted  by i n d i v i d u a l  i n v e n t o r s  and s m a l l  com- 

p a n i e s  . . . I '  With r e s p e c t  t o  t h e  f i r s t  e lement ,  "all promising energy- 

r e l a t e d  i n v e n t i o n s , "  t h e  NBS program c h i e f  has d e f i n e d  t h e  t a r g e t  

85 
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audience  a s  t e c h n o l o g i e s  (newly i n v e n t e d  o r  a l . ready e x i s t i n g )  which have 

a p p l i c a t i o n s  t h a t  w i l l  r e s u l t  i n  g e n e r a t i n g  o r  s a v i n g  energy.  k 

Given t1ii.s d e f i n i t i o n  and t h e  r e s u l - t s  of t h i s  e v a l u a t i o n ,  i t  i s  

c lear  t h a t  t h e  EKLP i s  e v a l u a t i n g  and s u p p o r t i n g  such t e c h n o l o g i e s ;  s o  

i t  i s  s e r v i n g  a n  a p p r o p r i a t e  t a r g e t  audience  as s e t  f o r t h  i n  t h e  

e x i s t i n g  l e g i s l a t i o n .  

With r e s p e c t  t o  t h e  second element oE t h e  t a r g e t  audience ,  i t  i s  

c l e a r  t h a t  ERIP  f o c u s e s  i t s  a t t e n t i o n  on i n d i v i d u a l  i n v e n t o r s  snd s m a l l .  

companies w i t h  energy-re la ted  i n v e n t i o n s .  T h i s  i s  demonstrated i n  t h e  

l i t e r a t u r e  r e g a r d i n g  t h e  program, d i s c u s s i o n s  w i t h  program p e r s o n n e l ,  

and i n  t he  cases recommended t o  DOE f o r  s u p p o r t .  A l l  g r a n t e e s  in te rv iewed 

as part of thi .s  e v a l u a t i o n  are i n d i v i d u a l s  o r  s m a l l  b u s i n e s s e s .  

Given t h e  r e s u l t s  of t h e  f i e l d  work and t h e  i n f o r m a t i o n  p r e s e n t e d  

i n  t h e  p r e v i o u s  s e c t i o n ,  t h e  e v a l u a t i o n  t e a m  concluded t h a t  t h e  audience  

i s  even more a p p r o p r i a t e  t h a n  i s  obvious a t  f i r s t .  The g r a n t e e s  i n t e r -  

viewed are h a r d w o r k i n g ,  s e r i o u s ,  creat ive,  p e r s i s t e n t  people  w i t h  a 

s t r o n g  i n t e r e s t  i n  e n s u r i n g  t h a t  t h e i r  i n v e n t i o n s  are  u t i l i z e d  arid 

consequent ly  r e a p i n g  t h e  a t t e n d a n t  economic b e n e f i t s .  Indeed,  we found 

t h e  i n t e r v i e w e e s  p a r t i c u l a r l y  adept  a t  i d e n t i f y i n g  and d e s c r i b i n g  t h e  

energy-re la ted  c h a r a c t e r i s t i c s  of :heir  i n v e n t i o n s  and p e r s i s t i n g  i n  

overcoming t h e  problems involved  i n  d e a l i n g  wi.th t h e  f e d e r a l  government. 

We found t h a t  they did not fit the Rube Goldberg stereotype of inventors 

a s  e c c e n t r i c ,  i s o l a t e d  i n d i v i d u a l s  i n t e r e s t e d  i n  c o l l e c t i n g  p a t e n t s .  

Over t h e  l i f e t i m e  of t h e  program, DOE p e r s o n n e l  have increas ing] -y  

emphasized s u p p o r t i n g  p o t e n t i a l  g r a n t e e s  w i t h  a n  e n t r e p r e n e u r i a l  b e n t ,  

thereby  i n c r e a s i n g  t h e  p o t e n t i a l  f o r  commerci-al izat ion;  t h i s  h a s  developed 

-1- 

T h i s  i n t e r p r e t a t i o n  of t h e  d e f i n i t i o n  of t h e  term " invent ion"  i s  
a t  odds w i t h  t h a t  used by t h e  1J.S. P a t e n t  atid Trademark O f f i c e ,  a s  w e l l  
a s  t h a t  of most s t u d e n t s  of i n n o v a t i o n .  A d i s c u s s i o n  of t h e s e  d i f f e r e n c e s  
may b e  found i n  S e c t i o n  I1 of t h i s  dociiment. Because i n n o v a t i o n s  as 
w e l l  as i n v e n t i o n s  are  accepted  by t h e  program, t h e  s t a g e  of development 
of a n  i d e a  need n o t  be a c r i t e r i o n  a p p l i e d .  A s  a consequence, tech-  
n o l o g i e s  a c r o s s  t h e  R&D spectrum are funded - even t h o s e  t h a t  are 
n e a r i n g  commerciali a a t i o n .  
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i n t o  an  in fo rma l  c r i t e r i o n  f o r  p y i o r i t i z i n g  cases recommended by NBS 

f o r  suppor t .  

en t r ep reneur"  as d e s c r i b e d  p r e v i o u s l y .  A review of t h e  d a t a  p re sen ted  

i n  t h e  p rev ious  s e c t i o n  i d e n t i f i e s  most of t h e  g r a n t e e s  in t e rv i ewed  as 

p r i n c i p a l s  i n  o r  s o l e  owners of small b u s i n e s s e s .  Thus, program personxel 

h a m  selected those most l i ke l y  to succeed i n  commerciaZizing a technology 

of any t y p e  - t h e  t e c h n o l o g i c a l  en t r ep reneur .  Th i s  i s  a l s o  t h e  type  

of person  who e s t a b l i s h e s  a b u s i n e s s  t h a t  f a l l s  i n t o  t h e  20% average  

f a i l u r e  rate as opposed t o  t h e  o m r a l l  f a i l u r e  rate f o r  smaS.1 b u s i n e s s  

(approximate ly  f o u r  times g r e a t e r  t h a n  t h a t  of t h e  technology-based 

b u s i n e s s ) .  

Th i s  k ind  o f  g r a n t e e  may be  termed a " t e c h n o l o g i c a l  

* 

In summary, t h e  e v a l u a t i o n  team found t h a t  t h e  E R I P  m e t  i t s  
mandate w i t h  respect t o  t h e  t a r g e t  audience  and exceeded i t  
t o  t h e  e x t e n t  t h a t  i t  e s p e c i a l l y  encourages t e c h n o l o g i c a l  
e n t r e p r e n e u r s  who are shown by t h e  l i t e r a t u r e ,  conven t iona l  
wisdom, and o u r  expe r i ence  t o  have t h e  g r e a t e s t  po ten t i a l .  f o r  
s u c c e s s  i n  commercial iz ing technology. -f- 

Program S e r v i c e s  

Another element of t h e  ERTP i s  t h e  s e r v i c e  i t  p rov ides  t o  i t s  

t a r g e t  audience :  

* t e c h n i c a l  e v a l u a t i o n  oE i n v e n t i o n s  and recommendations of 
promising i n v e n t i o n s  fisr DOE suppor t  and 

0 suppor t  of recommended i n v e n t i o n s .  

:k 
During ou r  i n t e r v i e w  and s ibsequen t  d i s c u s s i o n s ,  t h e  i s s u e  of 

expanding t h e  t a r g e t  audience  t o  i n c l u d e  i n v e n t o r s  of non-energy- 
r e l a t e d  d e v i c e s  and p rocesses  w a 3  r a i s e d .  While we  r e p o r t  t h i s  f i n d i n g ,  
we be.l ieve i t  i s  o u t s i d e  t h e  scope of t h i s  e f f o r t  t o  exp lo re  it. 

numbers o f  s u c c e s s e s ,  o f t e n  of g r e a t e r  magnitude t h a n  the t y p i c a l  
e n t r e p r e n e u r s .  The f a i l u r e  r a t e  of t h e  t e c h n o l o g i c a l  e n t r e p r e n e u r  is 
es t ima ted  t o  be  one-quar te r  t h a t  of a l l  e n t r e p r e n e u r s  du r ing  t h e  Eirst 
f i v e  y e a r s  of bus iness .  
t o  t h e  f a c t  t h a t  t e c h n o l o g i c a l  e n t r e p r e n e u r s  have a sound e d u c a t i o n a l  
background ( e i t h e r  i n  b u s i n e s s  o r  i n  eng inee r ing )  ; they  t h e r e f o r e  tend 
t o  p l a n  t h e i r  v e n t u r e s  more c a r e f u l l y  and t o  engage i n  teclirnology-oriented 
b u s i n e s s e s  which grow more r a p i d l y  and have a h ighe r  ra te  of r e t u r n .  
(Rober t s ,  1968 and Copper, 1973)  

1. 

' S t u d i e s  i n d i c a t e  t h a t  t e c h n o l o g i c a l  e n t r e p r e n e u r s  expe r i ence  g r e a t e r  

'The lowzr f a i l u r e  r a t e  i s  g e n e r a l l y  a t t r i b u t e d  



88 

T e c h n i c a l  e v a l u a t i o n  and DOE s u p p o r t  a r e  mandated by law, whereas t h e  

one-step,  one-time approach t o  s u p p o r t  and mutua l ly  agreed-upon 

d e f i n i t i o n  of  t h e  work s t a t e m e n t  a r e  means used t o  p r o v i d e  t h e  mandated 

s e r v i c e s .  

Technica l  E v a l u a t i o n  . .- 

C l e a r l y ,  NBS i s  conduct ing t e c h n i c a l  e v a l u a t i o n s  of  energy-re la ted  

i -nvent ions t o  i d e n t i f y  and recommend t h e  most promising f o r  DOE s u p p o r t ;  

over  17,000 i n v e n t i o n s  have been e v a l u a t e d  t o  d a t e ,  and c l o s e  t o  200 

have been recommended. 

While i t  i.s n o t  w i t h i n  our  scope of work t o  review t h e  t e c h n i c a l  

a s p e c t s  of  t h e  NBS e f f o r t ,  our  review of t h i r t y  cases yi.el.ded t h e  i n f o r -  

mation t h a t  about  one- th i rd  of them have achieved  commerc ia l iza t ion  i.n 

t h e  form of p r o d u c t i o n  and s a l e s .  The p e r c e n t a g e  a c h i e v i n g  commer- 

c i a l i z a t i o n  i n c r e a s e s  i f  one i.nc.ludes t h o s e  producing samples f o r  

buyer t e s t i n g .  

verg good means of sorting out the energ$-related inuerz-tions tha t  hold 

promise f o r  being u t i l i z e d ,  t h e r e b y  a c h i e v i n g  t h e  o b j e c t i v e  o f  improving 

t h e  energy s i t u a t i o n  i n  t h e  IJnited S t a t e s .  

Thus the  evaluation team agrees that- NBS hus developed a 

It i s  impor tan t  t o  remember t h a t  t h e  purpose of t h e  t e c h n i c a l  

e v a l u a t i o n  i s  t o  p r o v i d e  DOE wi-th informati-on r e g a r d i n g  recommended 

i n v e n t i o n s .  I n  t h i s  respect, we n o t e  t h a t  t h e  NBS t e c h n i c a l  e v a l u a t i o n  

r e p o r t  or "black book" i s  used a s  a guide  by DOE program personnel  to 

h e l p  d e f i n e  t h e  n e x t  s t e p  t h e  i n v e n t o r  needs t o  t a k e  t o  move toward 

commercial i z a t ion .  

From t h e  i n v e n t o r ' s  p e r s p e c t i v e ,  trhe t e c h n i c a l  eva lua t i -on  p r o c e s s  

i s  t o o  long  ( r e g a r d l e s s  of t h e  t i m e  i t  t a k e s )  and does n o t  t e a c h  him 

milch, i f  a n y t h i n g ,  b u t  most concede t h a t  i.t 's ' 'worth i.ti' t o  get t o  t h e  

DOE g r a n t ,  and some a c t u a l l y  have used t h e  "b lack  book" a s  l e v e r a g e  t o  

o b t a i n  c a p i t a l .  

Thus, n o t  o n l y  i s  NBS f u l f i l l i n g  i t s  mandate t o  e v a l u a t e  tech- 

n o l o g i e s ,  b u t  i t  i s  p r o v i d i n g  u s e f u l  i n f o r m a t i o n  t o  DOE and impor tan t  

b e n e f i t s  t o  t h e  t a r g e t  audience .  
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---_ One-s t ep ,  One-time Suppor t  

Support  by DOE i s  a l s o  mandate'd, and o v e r  t h e  l i f e t i m e  of t h e  

p.rogram i t  h a s  been i n t e r p r e t e d  as p r o v i d i n g  one-s tep ,  one-t:i.me ass is t -  
ance. 

o n l y  r e c e i v e  funding  once,  i n  t h e  form of a g r a n t  which can  n o t  b e  

renewed. 

nol-ogy development one s t e p  forward.  

based on t h e  recoinmendation made by  NBS, i n f o r m a t i o n  obtai-ned from t h e  

p o t e n t i a l  g r a n t e e ,  and t h e  knowledge of t h e  DOE program o f f i c e r .  I n  

rev iewing  t h e  30 cases, w e  found o n l y  two examples i n  which t h e  "aext  

step! '  a s  d e f i n e d  by t h e  work s t a t e m e n t  may n o t  have been a p p r o p r i a t e  

( i . e e 9  t o o  much work w a s  r e q u i r e d ,  g i v e n  t h e  amount of t h e  g r a n t  and t h e  

g r a n t  p e r i o d ) .  

program o f f i c e r  b e a r s  i n  mind t h e  program o b j e c t i v e  t h a t  a f t e r  t h e  

t e r m i n a t i o n  of t h e  g r a n t  t h e  g r a n t e e  should  b e  i n  a p o s i t i o n  t o  o b t a i n  

any s u p p o r t  needed t o  c o n t i n u e  development o r  commerc ia l iza t ion .  

That  means t h a t  t h e  p o t e n t i a l  g r a n t e e  i s  advised  t h a t  h e  wj.11. 

Furthermore,  t h e  g r a n t  money i s  t o  be used t o  c a r r y  t h e  tech-  

The d e f i n i t i o n  of "one s t e p "  i s  

Throughout t h e  development of a work s t a t e m e n t ,  t h e  IIOE 

'To determi-ne i f  t h i s  service and t h e  t e c h n i q u e  used t o  p r o v i d e  i t  

w e r e  reasonmble, w e  made p r e l i m i n a r y  i n q u i r  ies i n  t h e  ve.nture  c a p i t a l  

community t o  expl-ore whether  t h e  service provi-ded meets unmet f i n a n c i a l  

needs i n  t h e  p r i v a t e  s e c t o r .  We w e r e  to1.d t h a t  c a p i t a l  i s  most d i f f i c u l t  

t o  obt:ai.n when t h e  technology i s  s imple ,  u n s o p h i s t i c a t e d ,  and r e p r e s e n t s  

an i n c r e m e n t a l  development i n  t h e  t e c h n i c a l  f i e l d .  When t h e s e  f a c t o r s  

are c m b i n e d ,  many i n d i v i d u a l  and s m a l l  b u s i n e s s  i n v e n t o r s  are hard  

p r e s s z d  t o  g e n e r a t e  the c a p i t a l  r e q u i r e d  t o  commercial ize  t h e i r  i n v e n t i o n  

r e g a r d l e s s  of i t s  worth.  Thus, p r o v i d i n g  development c a p i t a l  f o r  t h e s e  

i n v e n t i o n s  seems most a p p r o p r i a t e .  

At: t h e  same t i m e ,  ' 'cutt ing-edge' '  t e c h n o l o g i e s  t h a t  are a t t r ac t ive  

to i n v e s t o r s  are v e r y  c o s t l y ,  r i s k y  inves tments  i n  t h e  e a r l y  s t a g e s .  I n  

g e n e r ~ l . ,  t h e  inves tment  community i s  h e s i t a n t  t o  make aay s u b s t a n t i a l .  

inves tment  u n t i l  the p o t e n t i a l  r e t u r n s  are clear .  Many government 

; a g ~ r r c i e s  are  a l s o  r e l u c t a n t  t o  i n v e s t  i n  them because of t h e  h i g h  cost 

( e . g . ,  i o  t h e  cases of Engdahl,  Kar l son ,  Marks). By funding  such 

innovat ions e a r l y  i n  t h e  R&D process ,  ERIP  may be f u l f i l l i n g  a n  unmet 

i-teed i n  t h e  p r i v a t e  s e c t o r  as w e l l  as supplementing government i n v e s t -  

ment . e f f o r t s .  



The ERIP one-step,  one-time funding h a s  he lped  grant-ees  t o  r e a c h  a 

p o i n t  where they  can a t t r a c t  o t h e r  suppor t  and,  i n  some cases, t o  t h e  

p o i n t  where t h e  technology i s  cotnmercialized. This  approach t o  funding 

( i . c . ,  ruinimal f i n a n c i n g  f o r  a s h o r t  p e r i o d  of t i m e  w i t h  no second--round 

f i n a n c i n g  t o  fo l low)  i s  v i r t u a l l y  u s e l e s s  f o r  long-term r e s e a r c h  o r  

r e s e a r c h  i n  "cut t ing-edge" a r e a s ,  because of r i s k ,  c o s t ,  and t h e  l e n g t h  

of t i m e  r e q u i r e d  t o  complete  development of t h e  p r o j e c t s  - u n l e s s  t h e  

funding  i s  b r i d g i n g  c a p i t a l  used t o  o b t a i n  R&[) funds r e q u i ~ r e d  t o  a c h i e v e  

commerc ia l iza t ion  i n  t h e  long  t e r m .  Thus, i..E i n v e n t i o n s  of t h i s  n a t u r e  

are  t o  be  recommended t o  DOE f o r  s u p p o r t  t h e r e  must be s u f f i c i e n t  ERIP 

personnel  t o  develop c o n t a c t s  i n  t h e  p u b l i c  and p r i v a t e  sect :ors .  This  

w i l l  h e l p  g r a n t e e s  t o  s e c u r e  ongoing suppor t  from o t h e r  groups con- 

t i n g e n t  upon s u c c e s s f u l  c o n c l u s i o n  of t h e  DOE g r a n t .  

Other  S e r v i c e s  

I n  a d d i t i o n  t o  t h e  c o n g r e s s i o n a l l y  mandated s e r v i c e s  and t h e  p o l i c y  

of p r o v i d i n g  s u p p o r t ,  ERTP personnel. p r o v i d e  more informal.  s e r v i c e s  and 

a s s i s t a n c e ,  such as developing  c o n t a c t s  w i t h  p r i v a t e - s e c t o r  groups and 

o r g a n i z a t i o n s  t h a t  can h e l p  t h e  g r a n t e e ,  fac i .1 . i ta t ing  h i s  c o n t a c t i n g  

of o t h e r  f e d e r a l  a g e n c i e s  and f e d e r a l l y  funded programs, o b t a i n i n g  

informati-on,  and be ing  a v a i l a b l e  t o  work through i d e a s  and problems. 

I n  s h o r t ,  t h e  program o f f i c e r  i n  many i n s t a n c e s  i s  a "hel.pmate" f o r  t h e  

g r a n t e e .  The c r e d i b i l i t y  r e s u l t i r i g  from an  NRS t e c h n i c a l  e v a l u a t i o n  

and a DOE g r a n t  are important: f a c t o r s  i n  c o n t i n u i n g  technical .  development, 

and t h e y  are recognized  as such by t h e  g r a n t e e s .  

I n  a d d i t i o n  t o  deve loping  t h e i r  i n v e n t i o n s ,  i n v e n t o r s  would l i k e  

more a s s i s t a n c e  i n  d e a l i n g  w i t h  t h e  b u r e a u c r a t i c  p r o c e s s e s  from f i l l i n g  

o u t  t h e  a p p l i c a t i o n s  t o  d e a l i n g  w i t h  t h e  procurement p r o c e s s  and managing 

t h e i r  budgets .  When such a s s i s t a n c e  was a v a i l - a b l e ,  t h e  i n v e n t o r s  were 

q u i t e  v o c a l  i n  e x p r e s s i n g  t h e i r  a p p r e c i a t i o n .  There are some i n s t a n c e s  

i n  wh:i.c.h t h e  d e s i r e  of a g r a n t e e  f o r  more a s s i s t a n c e  i s  unques t ionably  

j u s t i f i e d .  There i s  no r e a s o n  a g r a n t e e  should have t o  make a s p e c i a l  

t r i p  t o  Washington o r  make long-d is tance  te lephone  c a l l s  every  day i n  

o r d e r  t o  s e c u r e  c o n t r a c t  funds  from DOE. Moreover, w h i l e  an  argument 
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may b e  made t h a t  t h e  rest of  t h e  problems ( e . g . ,  f i l l i n g  o u t  forms) are 

all p a r t  o f  s e c u r i n g  government funds ,  one should  n o t  l o s e  s i g h t  of who 

t h e  g r a n t e e s  a r e .  The ERIP funds  i n d i v i d u a l s  and s m a l l  b u s i n e s s e s  who 

may n o t  b e  exper ienced  grantsmen (most of t h e  30 g r a n t e e s  were n o t ) .  

These people  do n o t  have t h e  r e s o u r c e s  o r  e x p e r t i s e  t o  g e t  through t h e  

p r o c e s s  a l o n e ,  and s p e c i f i c  a t t e n t i o n  should  b e  g iven  t o  f a c i l - i t a t i n g  

t h e i r  p r o g r e s s .  

Summary 

It i s  c l e a r ,  based  on t h e  i n t e r v i e w  d a t a ,  t h a t  the ERIP is provi&ng 

khe mandated services.  Furthermore,  based on t h e  f a c t  t h a t  a t  least 

o n e - t h i r d  o f  t h e  cases reviewed 

t h e  consensus of t h e  e v a l u a t i o n  

support approach t o  stirnuIratiny 

A s  no ted  i n  t h e  f i r s t  p a r t  

t o  o b t a i n  j u s t  p r i o r  t o  v e n t u r e  

are i n  some s t a g e  of  product ion ,  i t  i s  

t e a m  t h a t  khe ons-step, one-time finunciai? 

-innovation is an exce 2 Zent technique. 
of t h i s  s e c t i o n ,  c a p i t a l  i s  most d i f f i c u l t  

i n i t i a t i o n  ~ e s p e c i a l l y  f o r  t h e  f i r s t -  

t i m e  businessman w i t h  no t r a c k  r e c o r d  who h a s  i n v e s t e d  a l a r g e  p a r t  ( i f  

n o t  all) of h i s  p e r s o n a l  assets i n  h i s  i n v e n t i o n .  Over t h e  l i f e  of t h e  

Energy-Related I n v e n t i o n s  Program, i t  h a s  provided a "small d e l t a  o f  

money needed f o r  t h e  i n v e n t o r  t o  g e t  a f a i r  h e a r i n g  i n  normal market 

channels"  (Shapero 1982) .  It i s  t h e  o p i n i o n  of t h e  e v a l u a t i o n  team t h a t  

t h i s  i s  a v a l u a b l e  and n e c e s s a r y  service n o t  a v a i l a b l e  i n  t h e  p r i v a t e  

s e c t o r ,  t h a t  i t  i s  w i t h i n  t h e  a p p r o p r i a t e  r o l e  of t h e  government, and 

t h a t  p r o v i d i n g  t h i s  s e r v i c e  w i l l  s t i m u l a t e  t h e  development and u t i l i z a -  

t i o n  of e n e r g y - r e l a t e d  t e c h n o l o g i e s .  

Program Operatior! 

The o p e r a t i o n a l  e lements  o f  a program are t h o s e  methods and 

t e c h n i q u e s  used t o  p r o v i d e  services and t h e  r e s o u r c e s  n e c e s s a r y  f o r  t h e  

ongoing maintenance of a program. Impor tan t  o p e r a t i o n a l  e lements  i n  

this program are: 

j o i n t  NBS/DOE o p e r a t i o n ,  

0 budget ,  
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a d m i n i s t r a t i o n ,  

0 t h e  ERIP as a s p e c i a l  i n v e s t o r ,  

* s i z e  of g r a n t  awards, 

@ i .nvention s t a g e  o f  development, arid 

* developing  l i n k a g e s  w i t h  o t h e r  r e s o u r c e s .  

J o i n t  NBS/DOE Program Opera t ion  -. .. .. - __.._____ 

The Congress mandated t h a t  NBS and DOE would c o o p e r a t i v e l y  o p e r a t e  

t h e  ERIP progra,m. Over a p e r i o d  of time, l e a d e r s h i p  a t  NBS h a s  remained 

c o n s t a n t ,  w h i l e  t h e  l e a d e r s h i p  a t  DOE h a s  changed f r e q u e n t l y .  Nonethe less ,  

t h e  two a g e n c i e s  have worked c o o p e r a t i v e l y  t o  a c h i e v e  t h e  g o a l s  and 

o b j e c t i v e s  of t h e  program. Furthermore,  t h e  s e p a r a t i o n  of t h e  e v a l u a t i o n  

and funding f u n c t i o n s  enhances t h e  v a l u e  of t h e  techni -ca l  e v a l u a t i o n ,  

because t h e  r e p u t a t i o n  of t h e  N a t i o n a l  Bureau of S tandards  a s  a r e p o s i t o r y  

o f  o b j e c t i v e  s c i e n t i f i c  and t e c h n i c a l  e x p e r t i s e  i s  g r e a t  and, over  t i m e ,  

i t  h a s  been less i n f l u e n c e d  by p o l i t i c a l  p r e s s u r e .  Thus, t h e  NKS can 

provi.de g r e a t  c r e d i b i l i t y  by p r o v i d i n g  a p o s i t i v e  t e c h n i c a l  e v a l u a t i h n .  

The f a c t  t h a t  t h e  government, v i a  t h e  Department of Energy, a c t u a l l y  

p r o v i d e s  g r a n t  monies (i.e., i n v e s t s  i n )  f o r  t h e  developinent of a tech-  

nology a l s o  g e n e r a t e s  c r e d i b i l i t y  and v i s i b i l i t y  f o r  t h e  i n v e n t o r  and 

h i s  i n v e n t i o n .  

Budget 

With r e s p e c t  t o  t h e  budget  a l l o c a t i o n  f o r  t h e  program, from i t s  

i n c e p t i o n  i t  has been small  i n  comparison L O  o t h e r  government programs. 

Based on o u r  d i s c u s s i o n s  w i t h  program personnel ,  i t  appears  t h a t  

the c u r r e n t  budget  i s  s u f f i c i e n t  t o  perEorm t h e  mandated a c t i v i t i e s ,  

c o n s i d e r i n g  t h e  requirement  of  working w i t h  i n d i v i d u a l s  and s m a l l  

b u s i n e s s e s  and t h e  l i m i t e d  level  of s t a f f i n g  a t  DOE.  \\Then viewed i n  

terms of t h e  outcomes produced - e s p e c i a l l y  c o n s i d e r i n g  t h e  Fact  t h a t  

about  one- th i rd  of t h e  cases i n d i c a t e  sales o f  p roduct  - k h e  government 

i s  g e n e r a t i n g  a g r e a t  d e a l  of p r i v a t e - s e c r o r  a c t i v i t y  w i t h  a v e r y  small 

i nves tmen t . 
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A major portion of the ERIP  budget is allocated f o r  technical 

evaluations. 

most promising inventors and technologies and that the information con- 
tained in the "black book" provides the initial basis f o r  determining 

the grant scope of work and level of funding, it is not surprising that 

the budget is allocated unequally. Furthermore, it is clear that the 

small  staff at DOE would have difficulty in handling more work than they  

already have even if they had more funds available for inventors. 

Several DOE program chiefs have stated this position and articulated the 

need for an expanded staff to better serve the grantees. (This issue is 

discussed in greater detail below.) 

Bearing in mind that this task is designed to select the 

Administration 

Program administration i s  a particularly important element to 

examine in evaluating innovation-related federal programs because these 

are most often low-budget, misunderstood programs that are considered 

mavericks within the federal agency structure. It is important to look 

at the staffing of such programs, as well as program management. In 

the case of the ERII', the evaluation team was also asked by both program 

chiefs (who suspected the time required might be t oo  long) to carefully 

examine the length of time it took firom the submission of an invention 

t o  NBS for evaluation to the completion of a grant. 

Staffing. On the one hand, staffing at NBS has grown with the 

program and appears to be adequate t o  complete the evaluation tasks; 

management of the program at WBS has been in the hands of one person 

from the program's inception. On the other hand, DOE has seen many 

program chiefs come and go, and the staffing level has not grown with 

the program. Moreover, during the time this evaluation has been 

underway, the physical location oE the office has changed at least three 

times -- disrupting files, time scliedules, and the provision of services 
to grantees. 

transferred. All of these probleins have created many difficulties in 

performing the tasks assigned to E R I P .  

And experienced qualified staff have been arbitrarily 
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The r e a d e r  i s  reminded t h a t  DOE program o f f i c e r s  are  r e s p o n s i b l e  

f o r  negot ia t i -ng  3 s t a t e m e n t  of work w i t h  p o t e n t i a l  g r a n t e e s ,  rnonitori-ng 

,grants, and p r o v i d i n g  m i s c e l l a n e o u s  s e r v i c e s  t o  g r a n t e r s .  All t l iese  

t a s k s  are v e r y  einie-csnsumlng and i n v o l v e  d i r e c t  c o n t a c t  w i t h  a n  

inexprr ie i iced  g r a n t e e .  Thus, i.t i s  d i f f i c u 1 . t  t o  handle  a l a r g e  number 

of cases a t  any t ime and do t h e  j o b  we1. l .  I f  t h e  ERIP i s  t o  c o n t i n u e  

work-ing primar-i.1-y w i  +h i n d i v i d u a l s  and smal l  b u s i n e s s e s  t h a t  t y p i c a l l y  

do riot have the e x p e r t i s e  o r  r e s o u r c e s  t o  deal  w i t h  t h e  f e d e r a l  government, 

the s t a f f i n g  l e v e l  a t  DOE w i l l  have t o  be increased  and s t a b i l - i z e d .  

n x a n d  .. I__. S e r v i c e s .  A review of t h e  d a t a  i .nd ica tes  a need t o  

move some communication and s e r v i c e  tasks i n t o  t h e  f i e l d  t h a t  a r e  now 

p e r  Frirmnd by program of I i.cers. W i  th t h e  d e c r e a s e  i t i  suppor t  f o r  t h e  

program (both  f i n a n c i a l  and nonfinancia.1.) over  a per iod  of t i m e ,  i t  h a s  

become very d i f f i c u l t  f o r  DOE program o f f i c e r s  Eo make s i t e  v i s i t s  LO 

g r a n t e e s  t o  e n s u r e  t h e i r  a b i . l i t y  t o  complete  t h e  scope of work, t o  

observe  p r o g r e s s  i n  coinpleting t h e  scope of  WOK^, o r  t o  determi-ne what 

can b e  done t o  h e l p  the g r a n t e e .  

Some attempts have been made t o  u s e  c o n s u l t a n t s  t o  prouide  s p e c i a l i z e d  
L ~ l e L p ,  b u t  they  have n o t  been p a r t i c u l a r l y  e f f e c t i v e .  The e v a l u a t i o n  

a g r e e s  t h a t  s e v e r a l  mr?chanisms t o  provide  o n s i t e  a s s i s t a n c e  should 

b e  examined. These i n c l u d e :  

c o o p e r a t i n g  w i t h  e x i s t i n g  f e d e r a l l y  funded p r o j e c t s  focus ing  
on i n n o v a t i o n  and technology development 

r e c r u i t i n g  and t r a i n i n g  i n d i v i d u a l s  who own (or  owned) small, 
technology-based b u s i n e s s ,  

working through u n i v e r s i t i e s  and/or  r e s e a r c h  i n s t i t u t e s  t o  
p r o v i d e  d i r e c t  a s s i s t a n c e ,  

working through l a r g e r ,  p r i v a t e - s e c t o r  corrrpanies i n t e r e s t e d  
i n  innovat ion  and new t e c h n o l o g i c a l  products ,  o r  

a combinat ion of t h e  above. 

The e v a l u a t i o n  team s u g g e s t s  t h a t  E R I P  a l s o  develop a network of c o n t a c t s  

among r e s e a r c h e r s  i n  the. f i e l d  who i n  turn can h r l p  i d e n t i f y  and q u a l i f y  

t h e  r e s o u r c e s  needed by grantees. 

program o f f i c e r  t o  a s s i g n  t h e  m o s t  a p p r o p r i a t e  i n d i v i d u a l  t o  h e l p  r7 

g r a n t e e .  

This  approach would permiL the DOE 



Management. The r e l a t i o n s h i p  between DOE management and ERIP  

p e r s o n n e l  h a s  been poor  a t  b e s t .  

tha t  of most o t h e r  f e d e r a l  a g e n c i e s ,  has d i f f i c u l t y  i n t e g r a t i n g  and 

s u p p o r t i n g  s m a l l  b u s i n e s s  programs o p e r a t i n g  w i t h i n  p r i v a t e - s e c t o r  

g u i d e l i n e s  ( e - g . ,  promptly,  e f f e c t i v e l y ,  w i t h o u t  a g r e a t  d e a l  o f  r e d  

t a p e ) .  I n  a d d i t i o n ,  d e a l i n g  w i t h  i n d i v i d u a l s  and s m a l l  b u s i n e s s e s  i s  

d i f f i c u l t  because of t h e i r  i n e x p e r i e n c e  w i t h  f e d e r a l  c o n t r a c t i n g  

procedures ,  t h e i r  c a s h  f low needs,  and t h e  a d d i t i o n a l ,  p e r c e i v e d  r i s k  

w i t h  r e s p e c t  t o  performance and q u a l i t y  of work. Over t h e  y e a r s  program 

management h a s  changed f r e q u e n t l y ,  as has t h e  o r g a n i z a t i o n a l  placement 

of t h e  program. 

o p e r a t i o n  w i t h i n  t h e  DOE as w e l l  as d i s r u p t i o n  i n  g r a n t e e  services. 

.I t  a p p e a r s  t h a t  DOE management, l i k e  

The r e s u l t  h a s  been s u b s t a n t i a l  d i s r u p t i o n  i n  t h e  ERIP  

Every change i n  ERLP l e a d e r s h i p  r e q u i r e s  t h a t  the new program c h i e f  

l e a r n  t h e  program t e n e t s  and procedures  "from t h e  ground up" and t h a t  lie 

e s t a b l i s h  working r e l a t i o n s h i p s  w i t h  h i s  s u p e r i o r s  and p e e r s  as w e l l  as 

w i t h  EKLP p e r s o n n e l .  From t h e  g r a n t e e ' s  p e r s p e c t i v e ,  service i s  o f t e n  

d i s r u p t e d  i n  t h e  s e n s e  t h a t  eve:cythiing t a k e s  l o n g e r  t o  g e t  done, t h e  

program o f f i c e r  i s  u n a v a i l a b l e  more o f t e n ,  and i t  i s  d i f f i c u l t  t o  r e a c h  

anyone t o  t a lk  t o .  

From a n  o r g a n i z a t i o n  placement p e r s p e c t i v e ,  moving t h e  ERIP  from 

place t o  p l a c e  w i t h i n  DOE means t h e  program g o a l s ,  o b j e c t i v e s  and 

procedures  change t o  a g r e a t e r  o r  lesser e x t e n t  each t i m e  ERZP is  

a f f i l i a t e d  w i t h  a n o t h e r  program:, o f f i c e ,  o r  branch.  Furthermore,  t h e  

program i s  perce ived  d i f f e r e n t l y  depending upon t h e  group of programs 

w i t h  which i t  i s  a f f i l i a t e d .  A s p e c i a l  e f f o r t  should  be  made t o  f i n d  a 

s t a b l e  o r g a n i z a t i o n a l  n i c h e  f o r  t h e  E R I P  and t o  "educate" management and 

program p e r s o n n e l  as t o  t h e  needs ,  c o n s t r a i n t s ,  and g o a l s  of b o t h  t h e s e  

groups and of t h e  ERIP g r a n t e e s .  

A s  noted  ea r l i e r ,  i n t e r v i e w e e  comments r e g a r d i n g  t h e  t i m e  r e q u i r e d  

t o  complete  t h e  p r o c e s s  a p p e a r s  t o  be u n r e l a t e d  t o  t h e  a c t u a l  t i m e  

involved .  One s u s p e c t s  t h a t  f o r  t h e  g r a n t e e s ,  any t i m e  p e r i o d  is t o o  

long  and t h a t  t h e i r  r e s p o n s e s  are a f f e c t e d  more by  t h e i r  e x p e r i e n c e ,  

p e r s c m a l i t y ,  and need t h a n  by ac tua l  t i m e .  The g r a n t e e s  a r e  n o t  a l o n e ,  
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i l u w v e r ,  because NBS and DOB program p e r s o n n e l  a l s o  be l ieve  t h a r  t h e  

p r o c e s s  takes t o o  long.  Thus, Lie g r a n t e e s '  p e r c e p t i o n s  serm t o  s l ippor t  

t he  managers' c o n t i n u i n g  e f f o r t s  t o  reduce ihe t i m e  r p q u i r e d  t o  move a 

techrmlogy through che e v a l u a t i o n  and  suppor t  p r o c e s s e s .  Tn p a r t i c u l a r ,  

i nterv i  ewees were d i  s s a t i s f  

DOE proeareraent p r o c e s s  and 

Once committed t o  p r o v i d i n g  

and pay  f o r  c o n t r a c t e d  work 

or s m a 7  1 company. 

ed ~ i t h  t h e  time r e q u i r e d  t o  complete  t h e  

t o  s b t a i  n funds f rain DOE d isbursements .  

s u p p o r t ,  D O E ' S  i n a b i l i t y  t o  i s s u e  a cont i -ac t  

may do norc damage than  good t o  a n  i n d i v i d u a l  

r l h z r e  are two q u e s t i o n s  wh ich  we t h i n k  need t o  be asked i.n a d d r e s s i n g  

the t i m e  problem: (1.) what changes car7 be made? and ( 2 )  should they  b e  

lUade? 

Something can be done t o  improve the ra te  a t  which g r a n t  p a p e r s  

move through the procurement p r o c e s s  a t  DOE. We are  n o t  s u r e ,  however, 

if or  how Lhe c v a l u a t t o n  p r o c e s s  a t  NKS and T)OE coi.iJ-d be speeded up. A 

number of s u g g e s t i o n s  f o r  s h o r t e n i n g  tine p r o c e s s  have been made ( e . g . ,  

€ ; l s t - . t rack ing  c e r t a i n  i n v e n t o r s  o r  i n v e n t i o n s  and/ o r  a l t e r i n g  t h e  t e c h n i c a l  

eval i ia t ioi i  p r m e d u r e s ) .  We have learned noth ing  about  t h e  o p e r a t i o n  of 

t h i . s  program which  provides  e v i d e n c e  "Lat t h e s e  o t h e r  approaches would 

b e  b e t t e r -  o r  worse t h a n  the p r e s e n t  system. Shoreening t h e  t h e  f o r  

evaluai-ion would b e t t e r  meet the e x p e c t a t i o n s  of t h e  i n v e n t o r s .  A t  t h e  

same time, f o r  sonit i n v e n t i o n s ,  d e l a y s  may cont r i .bu te  t o  s u r v i v a l  i n  t h e  

progran.  'The inLi- insic  worth of 213 i d e a  i s  o f t e n  n o t  r e a d i l y  a p p a r e n t  

even t o  e x p e r t s :  r e j e c t i o l i s  and r e c o n s i d e r a t i o n s  t a k e  time, IF new 

i n f o r m a t i o n  emerges which a l t e r s  p r e v i o u s  judgements by t h e  ngeEcy, 

then che a d d i t i o n a l  t y i m e  may be wor th  i.t t o  t h e  i n v e n t o r .  

Given the f o r e g o i n g  ambigtiit ies ,  t h e  e v a l u a t i o n  team s u g g e s t s  

t a b l i n g  the  q-uesti.on of how t o  s p e e d  up Cbe p r o c e s s  u n t i l  more i-nforrnation 

i s  o b t a i n e d .  S p e c i f i c a l l y ,  wc e h i n k  i t  a p p r o p r i a t e  t o  determine how o t h e r  

o r g a n i z a t i o n s  ( e . g . ,  c o r p o r a t i o n s ;  federal. a g e n c i e s )  perform similar 

t a s k s  and how long  i.t t a k e s  f o r  them t o  complete  the p r o c e s s .  Comparison 

w i t h  E K L P  would p o i n t  o u t  w ' l i i c h  t i m e  d e l a y s  are  inevi tab1.e  as opposed t o  

t h o s s  which can b e  changed. 



WIiile a11 t h e  grant.ees w e  interviewed i d e n t i f i e d  s p e c i f i c  t:.echnical 

problems t h e y  encountered ,  a b r i e f  rev iew of: t.he f i v e  cases i n  w11tc.h 

f u l l  prclduct.:ion w a s  ach ieved  r e v e a l s  t h e y  submi t ted  their tech~~.nS.ogy t o  

t h e  governmexiI: i n  o r d e r  t o  s b t a l n  t h e  c a p i t a l .  needed t o  c o n t i n u e  their  

l a r k ,  and t h e y  i d e n t i f i e d  l a c k  of c a p i t a l .  as t h e i r  pr imary nontechnical-  

probX.i?.m. I n  t h e s e  cases the government functioned as a n  2nvest:or 

i3roviding "pre-venture" o r  "seed" cap:i.tal; i n  o t h e r  words ~ t h e  br idgiTlg  

capi.t.aL necessary for 'she owner of  a teclinology t o  develop o r  a e q y i r e  

t h e  e x p e r t i s e ,  documentat ion o r  other materials necessary to acquire the 

major c a p i t a l  needed t o  e s t a b l i s h  a s o l i d ,  mchnology-based venture. 

The. government ( i .e. ,  ERIP)  s u p p o r t e d  i r ; ? ~ e n t i o n s  a t  a p o i n t  i n  the  

i n n o v a t i o n  p r o c e s s  where t h e y  w a - e  riot suppor ted  by e i t h e r  the  v e n t u r e  

c a p i t a l  community o r  i n d u s t r y .  

To il .lustrate, t h e  formal  v e n t u r e  c a p i t a l  community is v e r y  i n t e r e s t e d  

i n  i n v e s t i n g  i n  companies w.i.t:h s o l i d ,  exper ienced  mmagement and a crack 

r e c o r d .  A s  one i n v e s t o r  p u t  it, tie l i kes  t u  invest i n  i n d i v i d u a l s  who 

have s u b s t a n t i a l  exper ience  i n  top-level corporate  management e The 

i-r?ventors suppor ted  by  t h i s  program do not  meet t1-1at c r f t e r i c s n  -- (:hey 

a r e  more e n t r e p r e n e u r i a l  than. management o r i e n t e d  and they do n o t  have 

the r e q u i r e d  managerrrent e x p e r i e n c e  a 

.Also , many f o r m a l  v e n t u r e  c a p i t a l i s t s  are: see.kj.ng p r o j e c t s  i.ravoIvirig 
1 1  sexy" t e c h n o l o g i e s  - technologi:?s on t h e  "1.crading sdge" of t e c h n o l o g i c a l  

development - that represent  q u i c k  poten t . ia l  and l a r g e  returns on t h e i r  

inves tment  ~ Wli le  some o f  t h e  E'R'EP inven t-iotas may be c.haracterized. as 

11 1ead:ing edge," f e w  of them would b e  c l a s s e d  as "sexy" by t h e  v e n t u r e  

cap i ta l  i n d u s t r y .  

indicated t h a t  1 - k ~  had so many i n t e r e s t h g  and h i g h  p o t e n t i a l  p r o j e c t s  

submi t ted  t h a t  'ne would only  con.sider t h o s e  w i t h  a h i g h  p r o b a b i l i t y  of 

going p u b l i c  i n  s i x  o r  seven  y e a r s ;  that: i s ,  v e n t u r e s  t h a t  would grow 

ve-ry q u i c k l . ~ .  

One i n v e s t o r  , spec ia l i z ing  i n  R&D l i m i t e d  partners'nips 

There are  a l s o  reasons why : industry fai.3.s to s u p p o r t  new techrlolog:i.es. 

A s  one e v a l u a t o r  n o t e s ,  i n d u s t r y  r e j e c t s  c e r t a i n  '"iiinovation m i s f i t s "  

( e .  g. bridesmaid t e c h n o l o g i e s  and i-nvasionary t e c h n o l o g i e s )  . 



98 

A br idesmaid  technology i s  a technology which may b e  a t t r ac t ive  
t o  a p a r t i c u l a r  company b u t ,  g iven  o t h e r  investment  o p p o r t u n i t i e s  
i s  n o t  a t t r ac t ive  enough t o  be  i n c l u d e d  i n  the development p l a n  
of t h a t  company. (Always a br idesmaid ,  never  a b r i d e , )  

Another i n n o v a t i o n  m i s f i t  i s  t h e  i n v a s i o n a r y  technology.  
T h i s  i s  a technology t h a t  looks  t h r e a t e n i n g  t o  m o s t  f i r m s  i n  
a n  e s t a b l i s h e d  i n d u s t r y .  They d o n ' t  want i t  t o  happen. If 
such  technology were developed i t  might f o r c e  t h e  i n d u s t r y  t o  
change t h e  way i t  goes about  doing t h i n g s ,  p a r t i c u l a r l y  t h e  way 
i t  produces t h i n g s .  Don Schon of MIT w r o t e  a c l a s s i c  a r t i c l e  
about  t h i s  cal l -ed ' I n n o v a t i o n  by I n v a s i o n s , '  and B i l l  Abernathy 
a t  Warvard i n  h i s  book The Productivity DiZennza d e s c r i b e s  how 
i d e a s  f o r  new p r o d u c t s  are  squelched i n  t h e  i n t e r e s t s  of 
m a i n t a i n i n g  t h e  h i g h  p r o d u c t i v i t y  t h a t  comes w i t h  manufactur ing 
o1.d products .  

When an  e s t a b l i s h e d  i n d u s t r y  i s  confronted  w i t h  a n  i n v a s i o n a r y  
technology t h e  i n d u s t r y  e i t h e r  p r e t e n d s  t h e  technology d o e s n ' t  
ex i s t  o r  hopes i t  w i l l  s imply go away and d i e .  T c e r t a i n l y  
a g r e e  t h a t  government should  n o t  sponsor what i n d u s t r y  w i l l  
deve lop  on i t s  own. But t h e  government should c o n s i d e r  
sponsor ing  t h e  m i s f i t s  t h a t  i n d u s t r y  re jects  based on fear ,  
b l i n d n e s s ,  o p p o r t u n i t y  c o s t s ,  o r  gambler 's  r u i n .  (Myers, 1 9 8 2 ) .  

Of t h e  30 case3 reviewed, most were n o t  l i k e l y  p r o s p e c t s  f o r  

inves tment  b e f o r e  p a r t i c i p a t i n g  i n  t h e  ERIP  - by e i t h e r - i n d u s t r y  o r  t h e  

Venture  c a p i t a l  community. The p r o j e c t s  are n o t  i n  many 

i n s t a n c e s  t h e y  are " m i s f i t s "  and many g r a n t e e s  o f t e n  s e e n  t o  l a c k  t h e  

s k i l l s  t o  g a i n  support. when t h e y  come t o  t h e  government f o r  a s s i s t a n c e .  

Thus, i n  o u r  view, t h e  government has f u n c t i o n e d  a t  a p o i n t  i n  t h e  

marke tp lace  and under c o n d i t i o n s  where t h e  private s e c t o r  i s  not  

f u n c t i o n i n g .  

good i i rves tor  h a s  funded p r o j e c t s  t h a t  are  most l i k e l y  t o  succeed.  

More i m p o r t a n t l y ,  i n  doing  so t h e  government - l i k e  any 

Size o f  Grant  Awards _____--.. .-___ 

Through t h e  l i f r  of t h e  program, g r a n t s  have been small i n  

comparison t o  t h o s e  f o r  o t h e r  r e s e a r c h  and development programs. The 

p o l i c y  h a s  been t o  provide  smallcr g r a n t s  t h a t  would enable  t h e  g r a n t e e s  

t o  complete s p e c i f i c ,  wel l -def ined  t a s k s ,  p e r m i t t i n g  an  i n d i v i d u a l  

g r a n t e e  t o  cont inue  developing  t h e  technology.  Our i n t e r v i e w s  i n d i c a t e  



t h a t  w h i l e  most g r a n t e e s  would have l i k e d  l a r g e r  grants,  t h e  outcomes 

i n d i c a t e  t h a t  t h e  small. g r a n t  h a s  been suLcessfuL i n  h e l p i n g  grantetrs 

de te rmine  i f  they  should  pursue development and comrnc.rci.ializatiorn and, 

i f  so ,  how. 

T h e  e v a l u a t i o n  team n o t e s  t h a t  t h i s  approach i s  more e f f e c t i v r  i n  

cases n e a r e r  t o  commercial izat ion thaL f o r  t h o s ~  in the e a r l y  s t a g e s  of 

the i n n o v a t i o n  process ,  

I n v e n t i o n  S t a g e  of Development 
_1_---- 

A s  p r e v i o u s l y  p o i n t e d  o u t ,  n e i t h e r  thc type of technology nirc t h e  

s t a g e  of  development are s e l e c t i o n  c r i t e r i a  a p p l i e d  by t h e  NRS ox DOE 

i n  e v a l u a t i n g  and s u p p o r t i n g  an e n e r g y - r e l a t e d  i n v e n t  i o n .  Whereas t y p e  

of i n v e n t i o n  as a c r i t e r i o n  i s  o v e r r i d d e n  by t h e  energy-relatcd c r i t e r i o n ,  

the s t a g e  of development c r i t e r i o n  is  d i r e c t l y  r e l a t e d  t o  t b e  i s s u e  of 

scrvices ( f e e s ,  s i z e  of g r a n t  awarded) and is  d i s c u s s e d  below, 

The 30 case s t u d i e s  r e i n f o r c e d  t h e  e v a l u a t i o n  team's view tl9at 

i n v e n t i o n  w i t h o u t  commercializationliitilization i s  n o t  i n  the psxh3.i~ 

i n t e r e s t .  That  is ,  s u p p o r t i n g  an  i n v e n t i o n  cha t  has little po"LentFal 

f o r  u t i l i z a t i o n  i s  n o t  a n  a p p r o p r i a t e  r o l e  f o r  the  gavemment., Thus, 

t h o s e  i n v e n t i o n s  t h a t  are s u f f i c i e n t l y  we7 1 developed to deternine 1 lie: 

p o l e n t i a l  u t i l i z a t i o n l m a r k e t a b i l i  t y  would be  candidat cs f o r  p r e f e r c n t i n l  

t r e a t m e n t  i n  t h e  e v a l u a t i o n j s u p p c r t  system. Pn c o n j u n c t i a n  with tha c" 

c o n c l u s i o n ,  t h e  team concluded tl-at one-time--only sriipport is most 

a p p r o p r i a t e  f o r  b e t t e r  developed (isee, closer t o  comcrc ia l i zaCiun)  

t e c h n o l o g i e s .  Thus, t h e  s t a g e  of development  a t  w h i c h  inventions d m  

submi t ted  f o r  e v a l u a t i o n  should be cons idered  as a c r i t e r i o n  f o r  p r o v i d i n g  

" f  a s t - t r a c k "  c v a l u a t i o n s  and s u p p o r t  g r a n t s  - 
That  i s  not  t o  s a y  t h a t  e a r l y - s t a g e  i n v e n t i o n s  which are believed 

impor tan t  and i n  t h e  pub1 ic i n t e r e s t  should  not  be e v a l u a t e d  and siippoxLed. 

Smaller g r a n t s  provided on a one- time bas  is may be cons idered  "br idge  

funding" f o r  e a r l y  s t a g e  technologies  - However i t  w i II be i m p o r t a n k  

t o  l i n k  i n v e n t o r s  o f  s u c h  techno1 o g l e s  w i t h  c>ther agencies, corporations 

o r  programs which could provide  1 ong-term i u n d i n g  at the  levels necessary  



to continue development. This conclusion is based on o u r  review of 

those cases in very early stages of development and those on the "cutting 

edge" of their technical field. 

Developing Linkages with Other Kcsources 

To improve program service and increase contact with grantees: we 

recommend that linkages be developed with private sector grc:)ups. 

A reviw of the data indicates that grantees could effectively use 

contacts and assistance i n  several program arcas; three, in particular, 

are important: 

* risk capital, 

@ licensing/selling to large corporations , and 

@ new product developmeni. 

Capital is necessary f o r  the grantee to progress toward commerciali- 

zation of his invention; licensing the rights to or selling a patent are 

fairly straightforward, easy ways to facilitate commercialization. The 

new-product development literature and practitioners are a rich resource 

which has not yet been tapped by the ERiP. 

We suggest that a series o€ meetings be held with active practitioners 

in each field to determine how the 1-inkages can be effected so the ERIP  

grantees and practitioners will profit. 

Based on an examination of the tangtbie and intangible results of 

the 30 cases, the program is successful i n  several dimensions. It 

is meeting its Congressional manhtes  as well as i t s  internally developed 

ob j e c t i u e s .  

It is noteworthy that these results were unexpected at the beginning 

o f  this evaluation because of the s h o r t  life of the program, the nature 

of the innovation process, and the length of time it generally requires 

to initiate a new venture. The number of successes in t h e  ERIP is high, 

both in terms of technologies reaching the marketplace and unanticipated 

benefits ( e . g . ,  environmental impact, importance of technologies). 
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If the E R I P  program elements were o v e r l a i d  on a chart of t he  

innovat-ion p r o c e s s ,  it would c l c a r l y  show t h a t  the ERTP is tilrgeting an 

a p p r o p r i a t e  audience ,  and that t he  nature and extent of ERIP  services 

provided  are a p p r o p r i a t c ,  g iven  the needs  o f  participants i n  the 

innovation p r o c e s s .  





RECOMMENDATIONS 

The recommendatiuns a r e  d i v i d e d  i n t o  two groups: program 

reconimendations des igned  t o  imp-ove t h e  d a i l y  o p e r a t i  on of cbe p r o g r a m  

and p o l i c y  recommendations i n t e n d e d  t o  improve t h e  o v e r a l l  e f f e c t i v e n e s s  

arid iinpact o f  t h e  ERLP. 

Program -I- R e c o m m e n d a t i s  

S e v e r a l  areas o f  concern w e r e  a r t i c u l a t e d  by i n t c r v i e w e e s  as w e l l  

as i n t e r v i e w e r s  and are prcscnted i n  t h e  sequence i n  which they would 

he encountered by a n  i n v e n t o r  w m  had submi t ted  an i n v e n t i o n  t o  the  

ERIP : 

* The NBS promotional mater ia l s  should be clcarcir with respect 
t o  what a n  i n v e n t o r  shou ld  a n t i c i p a t e  III t e r m s  of t i m e  arid 
services a 

0 The ro l e  of second-stage eval.uation should be reviewed. 

* The c o n t r a c t i n g  p r o c e s s  a t  DOE should b e  f a c i l i t a t e d  t o  
e n a b l e  g r a n t e e s  t o  c o n t i n u e  t h e i r  work i n  a t i m e l y  manner. 

Q S t a f f i n g  a t  DOE s h o u l d  be increasc?tl. t o  handle  t h e  f l o w  of 
recommendations from NBS. 

Regional  f i e l d  r e p s  should  b e  made a v a i l a b l e  t o  g r a n t e e s  t o  
p r o v i d e  o n s i t c  a s s i s t a n c e .  

@ E v a l u a t i o n  and fol low-up of: g r a n t e e s  should  c o n t i n u e .  

More s p e c i f i c a l l y :  

Q We recommend t h a t  the p u b l i c l y  a v a i l a b l e  E K I P  documents be  
reviewed f o r  clari-ty.  

0 W e  recommend t h a t  t h e  r o l e  o f  t h e  second-stage e v a l u a t o r  as 
a n  independent ,  e x p e r t  c o n s u l t a n t  b e  reviewed w i t h  a n  eyc! 
t o  de te rmining  t h e  n a t u r e  and e x t e n t  of h i s  c o n t r i b u t i o n  t o  
t h e  o v e r a l l  t e c h n i c a l  e v a l u a t i o n  p r o c e s s .  

Q W e  recommend t h a t  t h e  DOE c o n t r a c t i n g  process  b e  revtewed and 
s t r e a d  i n e d  . 

10 3 
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We recormiwnJ t h a t  t h e  DOE s taEEing l e v e l  be incrgascAd by t w o  
program o f f i r e r s  t o  f r e e  t h e  program c h i e f  t o  adrniaist1.r t h e  
program and vork w i t h  JIOK management; t h i s  would a l s o  f a c i l i t a t e  
b r i n g i n g  t h e  backLog o f  NBS-reconmended p r o j e c t s  up t o  d a t e .  

We recommend t h a t  a l t e r n a t i v e  means t o  provide  grant:ees w i t h  
o n s i t e  a s s i s t a n c e  b e  examined, tes'ced, and e v a l u a t e d .  

W e  recommend t h a t  t h e  EKLP develop a network of c o n t a c l s  among 
r e s e a r c h e l s  j n  t h e  f i e l d  who, i n  t u r n 9  can i d e n t i f y  and q u a l i f y  
t h e  r e s o u r c e s  needed by grdriLees. This  approach would permi t  
DOE program o f E i r e r s  t o  a s s i g n  t h e  most a p p r o p r i a t e  i n d i v i d u a l  
t o  h e l p  a g r a n t e e .  

We recommend t h a t  program e v a l u a t i o n  and/or  moni tor ing  b e  
cont inued  a t  least  a t  a minimal l e v e l .  

We recommend t h a t  l i n k a g e s  be developed w i t h  p r i v a l c - s e c t o r  
groups t o  improve and broaden t h e  spectrum of  services f o r  
g r a n t e e s .  

P o l i c y  Recnimendations . .. . . . . .. . . . . . 

We recommend t h a t  t h e  ERIP  funding  b e  cont inued  and main ta ined  
a t  least  a t  t h e  FY 1 9 8 2  l e v e l .  

We recommend t h a t  emphasis b e  g iven  t o  improving t h e  r e l a t i o n s h i p s  
between DOE management and EKTP personnel.. 

We recommend t h a t  t h e  one-step,  one-time funding p o l i c y  b e  
cont inued .  

We recommend that  f o r  t h e  time b e i n g  the ERIP  c o n c e n t r a t e  i t s  
funding  e f f o r t s  on p r o j e c t s  i n  t h e  f i n a l  s t a g e s  of t h e  R&D 
p r o c e s s  ( i . e . ,  t h o s e  c l o s e s t  t o  commerc ia l iza t ion)  where i t  i s  
most d i f f i c u l t  t o  o b t a i n  suppor t  -~ e s p e c i a l l y  s u p p o r t  :iil t h e  
f o r m  o f  f inanci-ng.  E a r l i e r - s t a g e  t e c h n o l o g i e s  should c o n t i n u e  
t o  receive s u p p o r t ,  w i t h  a s p e c i a l  e f f o r t  b e i n g  made t o  develop 
l i n k a g e s  f o r  such g r a n t e e s  w i t h  o t h e r  government and p r i v a t e - .  
s e c t o r  r e s e a r c h  programs. 



APP ENDlX 

INTERVIEW WITH INRRY WOOD, INVENTOR 





INTERVIEW W I T I ;  HARRY WOOD, INVENTOR 

s wood'"^ response  t o  the q u e s t i o n ,  'What has  been your greacest d i f f i c u l t y  

w i t h  the Department of Energy?"] 

L e t ' s  s tart  from ground one. T i m e  i s  number one, okay? Then, I 

w a i t e d  and waited and wai ted  and wai ted  and w a i t e d  and f i n a l l y  1 j u s t  

took a n  a i r p l a n e  one morning and went t o  Washingcon and was s i t t i n g  at 

h i s  door when t h e y  opened up the door.. And 1 s a i d ,  "Look, man, I'm 

going broke," - 'cause I w a s  u s i n g  my own money a l l  t h i s  t i m e ,  you know, 

wasn' t  t a k i n g  any w o r k  because i L  w a s  t a k i n g  a l l  my t i m e  j u s t  playing 

w i t h  t h i s .  

what ' s  happened?" 

chree mcmths. 

And 1 s a i d ,  "You a l r e a d y  t o l d  me 1 'm going to get  t he  grant  - 
And I found o u t  i t  w a s  Post  on a secretaxy's desk f a r  

T h a t  d o e s n ' t  give you a very good f e e l i n g .  

:io t h e n  we found i t  and they s a i d ,  "Well, i t ' s  going t o  take . I '  

( i t  took  n i n e  s i g n a t u r e s  o r  sorneching like t h a t )  " i t 's  going t o  t a k e  a 

couple  of months to g e t  that through all t h e  signatures." 

"Wher~ are a l l  tlliese people?" "Oh, t h e y ' r e  n e x t  door,  n e x t  fl.oor.lq I 

s a i d ,  " W e l l ,  g ive i t  t o  me,"  I s;tHd9 "and a i m  me. I'll go ge t  'em." 

You know? 

I s a i d ,  

So I walked t o  one p l a c e  and thc s e c r e t a r y  s a i d ,  " Y e s ,  j u s t  leave 

can g e t  t o  i t ." i t  here and 1'11 g e t  him t r 3  s i g n  i t  j u s t  as soon as 

And I shocked her. 'I s a i d ,  "Honey, letl me t e l l  you: I'll buy you a 

b o t t l e -  of whiskey, 1'11 buy you timer, 1'l.I make love t o  YOU, whatever 

i t  takes f o r  you t o  walk in t h e  r e x t  roc7111 t h e r e  and ask  your boss  t o  

s i g n  t h i s  th ing ."  She go t  up and d i d  i t  and came back w i t h  a s i g n a t u r e .  

Then I went t o  t h e  next  o f f i c e ,  and I walked through t h e  whole damn 
I came back and handed i t  t o  P a t  and s a i d ,  "Okay, t h i n g  that:  a f t e r n o o n ,  

 at, what happens t Q  i t  now?" 

atid send i t  over t o  ..." (It w a s  t h e  place t h a t  actually typed i t  up and 
gave me the money - i t  w a s  the  f i n a l  th ing .  ) 

are they?"  

" \ W e l l ,  Pat, you've go t  ~ W Q  choices: you can tell me where they are, you 
s i g n  il; and let- m e  b r i n g  i t  there, or you can tell me t o  go to hell 

And he s a i d ,  " W e l l ,  now I got  t o  s i g n  i t  

I said, "Well, where 

And he s a i d ,  " W e l l ,  what else do YOU want?" And 1 s a i d ,  
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and I ' l l  g e t  on a p l a n e  and go home." 

go t o  h e l l , "  S O  he signed i t ,  t o l d  me where i t  was. 

I k  s a i d ,  "I can ' t  t e l l  you t o  

1 walked i t  o v e r  t h e r e ,  and I gave i.t t o  them. And I s a i d ,  "Now, 

h o w  long  i s  t h i s  going  t o  take?" And they s a i d ,  "We11 . . . ' I  ( t h i s  guy 

here has h i s  thumb b r o k m ;  i t ' s  i n  a cast) he says ,  "We g o t  t o  t y p e  j.t 

up." I looked a t  him; I s a i d ,  "AE you right-handed or  lef t -handed?" 

R e  s a i d ,  " I ' m  right-handed." And I s a i d ,  "You do t h e  typing?" H e  s a i d ,  

"Yeah." He. s a y s ,  "I'll g e t  t o  i t ;  it'll t a k e  a couple  of weeks, you know, 

t o  g e t  around t o  it." 

I t ' s  one form; you j u s t  f i l l  i n  t h e  b lanks  on t h e  t y p e w r i t e r . "  

s a i d ,  "Well, I g o t  s o  many to do, and i - t ' s  g o t  t o  go tlirsugh t h e  typ ing  

p o o l ,  and t h e y ' v e  g o t  so  much work." And I sa id ,  "Look, m a n ,  l e t  m e  b r i n g  

i t  back t o  New Orleans and 1'11 g e t  a s tenographer ;  w e ' l l  g e t  i t  done." 

"Well, we ca.n ' t  do t h a t ;  t h a t ' s  government forms." X s a i d ,  "Well, then,  

move over and I ' l l  s i t  behind your t y p e w r i t e r  and 1'11 t y p e  it r i g h t  now." 

And he s a i d ,  "Well., I c a n ' t  do t h a t  e i t h e r . "  So, what i t  f i n a l l y  turned  

out is ,  Z t o l d  him, " I f  I d o n ' t  see t h a t  thi .ng i n  t h r e e  days ,  when you 

come i n t o  work t h e  n e x t  day, the f o u r t h  day, I'm going t o  be  s i t t i n g  on 

t o p  of the f i l e  c a b i n e t  looking  a t  YOU." And I g o t  i t - .  i n  t h r e e  days.  

But t h a t ' s  what you j u s t  have t o  do, you j u s t  have t o  1iterall .y brow-beat 

them t o  g e t  something done. 

I sai .d,  "Why i s  i t  going t o  t a k e  a couple  weeks? 

And he 



REFERENCES 

Brsnfman, L. M.,  M, L. Grad, a n d  E. J. Soderstrom, eds . ,  EvaZ?&kbn ~f 
the  EneYyy-ReZuted Inventions E'royram, Volume 11: Case SLzc&c?s of 

Supported Projects. (ORNL/CON-92/V2). Oak Ridge ,  Tenn. : Oak 

Ridge National Laboratory.  

Coopcr ,  A. C. "Technical E>ntreprencurship:  What Do We Know?" R&D 

!!nugmient, Vol. 111, No. 2, 1973,  pp.  59-64. 

FederucZ R e g i s t e r ,  V o L .  4 0 ,  No. 108, Jure 6, 1975. 

F e % m a l  Register, V o l .  41, No. 192 as amended. 

Grad,  $1. L. , EvaZtlation of the  1'echrLokgg Connnerv3kZization Program, 

F i n a l  Report. Department of Commerce, May, 1981. 

Grad, M. I,. and J. E-Ialpern, An EzmZuation foT the Energy-Related -?mentions 

Program. Final Report to Energy FLeLated Inventions Program, 

Department of Energy, A p r i l  , 1980. 

Jansson, D. C., G. C. Neuton, Jr., "Paving the Way for Energy-Saving 

Innovations. I' l'echnoI,ogy RevieU, June/July 1980.  

N)7er, S., "Policy Implications f o r  SmaI.1 Businesses of the ERTP 

Experience," paper presented at the Small Business Research 

ConJPrerice, Waltham, Mass., March 11, 1982.  

Roberts, E. D. and H. A. Wainer, "New Ihtcrprises on Route 128." ,S~ien@e 

Joumzuz, December 1949, pp. 78-83.. 

Shapero, Albert, "InvenLors and Entrepreneurs i n  the Innovations Process  " 

paper presented at the SmaZ 1 Uusinesc Researc7i Conference, Waltl-iam, 

Mass., March 11, 1982.  

Udell, Gerald,  Uow -to Assess BeJbre Yo,n Invert ,  Los Angeles: Logus 

Press, 196%. 

109 





111 

INTERNAL DISTRIBUTION 

1. 
2. 
3. 
4. 
5. 
6. 

7-8, 

9. 
10. 
11 * 
12 e 

13. 
14. 
15. 
16. 
17. 
18. 
19. 

M. V. Ad le r  
R. L. Anderson 
R. B. B r a i d  
L. M. Bronfman 
R. S .  C a r l s m i t h  
J. A. Carpenter  
Center f o r  Energy and 
Envi  ronmental I n f o r m a t i o n  
N. E .  C o l l i n s  
F. A. Creswick 
R. M. Davis 
R. C. DeVault 
R. H. D i l w o r t h  
W .  Fulkerson 
T. G. Godfrey 
V.  0. Haynes 
K .  E.  He idenr i ch  
E.  A. H i r s t  
J. J e f f e r s o n  

20. L. Jung 
21, J. 0. Kolb 
22. A. L. l o t t s  
23. F. C. Maiensch 
24. J. F. M a r t i n  
25. J. W .  Michel  
26, W .  A. M i l l e r  
27. G. T. P r i v o n  
28. C. K. R i ce  

i 

29. 
30. 
31 
32. 
33. 
34. 
35. 

36-37, 
38. 
39. 

A. C. Schaffhauser 
J. W .  Sirns 
E .  J .  Soderstrom 
E .  A. Vineyard 
T. J .  Wilbanks 
Cen t ra l  Research Library 
Document Reference Sec t ion  
La bora t ory Reco i-ds 
Labora to ry  Records - RC 
ORNL Patent  O f f i c e  

EXTERNAL D I S T R I B U T I O N  

40. O f f i ce  o f  A s s i s t a n t  Marager f o r  Energy Research and Development, 
Department o f  Energy, Oak Ridge Operat ions O f f i c e ,  O a k  Ridge, 
TN 37830. 

41-240. S o c i a l  Impacts Analys is  Group D i s t r i b u t i o n ,  Energy D i v i s i o n .  
241-267. Technica l  I n f o r m a t i o n  Center, P.O. Dox 62, O a k  Ridge, TN 37830 




