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Technology Utilizatio 
Incentives and Solar Enerl 

A technology delivery system is used to explain the r 

of incentives in stimulating public use of solar ener 

Arthur A. I 

In recent years, the federal govern- 
ment has been increasing its investment 
in research and development for clearly 
perceived public needs, with the ap- 
proval and, in some cases, the urging 
of the Congress. Unfortunately, the 
existence of a public need does not 
necessarily correspond to a public mar- 
ket and, without being able to perceive 
a potential market, industry cannot be- 
gin to put the results of federally fi- 
nanced R & D to work in the form of 
new products, processes, and services 
for the public. What is even more un- 
fortunate is that many a time, even in 
the presence of both a clearly perceived 
market and a public need, industry 
alone cannot put the R &D results 
to use for the benefit of the public. 
The solar heating and cooling of build- 
ings is a good example of this situation, 
and is used for illustrative purposes in 
this article. 

During the past 30 years, the R & D 
activities funded by the federal govern- 
ment were mostly for its own use, and 
were selected according to the needs of 
the various missions it had to accom- 
plish. These R & D results were put to 
use by the government simply paying 
for the applications. For example, de- 
fense oriented R & D results were put 
to use through defense procurements. 
There was little conscious effort on the 
part of the Department of Defense to 
foster civilian applications of R & D 
results that were generated for its own 
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use. Similarly, the result 
were federally funded f 
Aeronautics and Space 
(NASA) were promptl3 
NASA's own applicatio 
curement. However, th< 
NASA's R & D results 
poses was a different 
gether. While required 
legislation, such applil 
take place naturally tc 
tent (1). Because it 
that deliberate effort wc 
to bring about civilian 
this R & D, the Technc 
Division was establishc 
NASA (2). 

During the 1970's 
creasing amounts of 
funds are expected to b 
ian needs in such ager 
partment of Transpor 
vironmental Protectioi 
Law Enforcement Assi 
tration, and the N: 
Foundation. These fed( 
not provide the primar3 
application of the R & 
way that the Departm 
does, however. Althoug 
are made available to 
governments to help p 
control systems and tra 
tems, for example, it 
grantees who decide w 
the funds on new or cc 
nology. In some instar 
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be purchasers of applications of federal 
R & D results have been unable to find 
a manufacturer or supplier willing to 
use the desired new technology. 

Thus it is evident that federal re- 
search administrators must attempt to 
stimulate the application of federally in: funded, civilian oriented, R & D results 
without relying entirely on federal pro- 

gV curement for the applications. Some 
administrators may see this as a trivial 
task to be relegated to the "free work- 

*ole ings of the marketplace" and, when 
confronted with situations in which 

gY. there is ample technical knowledge but 
an unfilled gap between a public need 
and a public market, they will seek 

2z r a refuge in funding studies of "imperfec- 
tions" in the free workings of the mar- 
ketplace. Others may see this as an 
impossible task without federal pro- 

ts of R & D that curement of some sort. However, the 
or the National civilian oriented federal research budg- 
Administration ets are large enough (about $7 billion 

y put to use for for fiscal year 1975) for it to be worth 
ns through pro- exploring the alternatives. 
e application of 
to civilian pur- 
situation alto- Definition of Terms 

by basic NASA 
cation did not Everything said here is in the context 

any great ex- of federally funded R & D, no matter 
was recognized who the performers of R& D are. 
)uld be required Technology utilization in this article 
I application of refers to the application of R & D re- 
)logy Utilization sults for which they were intended. 
:d as a part of This is in contrast to technology trans- 

fer, which refers to the application of 
and 1980's, in- new technology to purposes other than 

federal R & D those for which it was originally in- 
e spent for civil- tended (3). For example, the applica- 
icies as the De- tion of defense R& D results to water 
tation, the En- pollution control would be considered 
I Agency, the as technology transfer in the context 
stance Adminis- of this article, but the application of 
ational Science water pollution R & D results to water 
eral agencies do pollution control would be considered 
y market for the as technology utilization. 
D results in the Technology transfer, as defined 
lent of Defense above, has problems of its own which 
;h federal grants I will not discuss here (4). What I will 
states and local discuss is technology utilization by in- 
ay for pollution dustry, when the R& D has been di- 

insportation sys- rected toward civilian use but paid for 
is the federal by the federal government. 

hether to spend 
nventional tech- 

nces, the would- 
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The Technology Delivery System 

It takes a number of different types 
of institutions, interacting with each 
other, to introduce a new technology 
in the form of a new product, process, 
or service, into the marketplace, be it 
a federal marketplace or a civilian one. 
For example, universities may be in- 
volved because they provide the educa- 
tion required for utilization of the new 

technology; industrial and commercial 
institutions participate because they 
manufacture and sell the products 
based on the new technology; even 

lending institutions play an important 
role in making funds available for the 
manufacture or civilian purchase of 

applications of the new technology. 
The notion of a technology delivery 

system (TDS) was employed by the 
National Academy of Engineering (5) 
to represent the complex processes by 
which knowledge in natural and social 
sciences is deliberately applied to 
achieve desired outputs of consumer 
amenities having social values. 

Each technology has its own delivery 
system consisting of a number of inter- 

acting components, and each compo- 
nent consists of a set of institutions that 

perform a common function. Looked 
at from this point of view, one compo- 
nent of a TDS could consist of a set 
of research-performing institutions such 
as universities, nonprofit research insti- 
tutes, and small R & D companies. An- 
other component could be a set of insti- 
tutions that manufacture products. A 
third component could be a set of insti- 
tutions that distribute the product. A 

fourth component could be a set of 
lending institutions that make operat- 
ing funds available to other components 
in the TDS. 

Before a new technology can reach 
the marketplace in the form of a new 
product, process, or service, all of the 
components of the appropriate TDS 
have to be ready to accept it. Part of 
the problem of stimulating technology 
utilization is to bring about this dif- 
fusion of readiness. When a TDS does 
not exist, the federal government may 
have to deliberat.ly create one. One 

way of doing this is to set up a field 

agent system, as was done by the U.S. 

Department of Agriculture in the 
1930's (6) to deliver R&D results 
into the hands of the farmers. Another 

approach is for the federal government 
to pay private companies to manufac- 
ture the product for a limited amount 
of time, in the belief that with this 
initial federal procurement a TDS will 
form itself. This seems to be the under- 

lying theory behind federal technology 
demonstration projects such as that in 
the Solar Heating and Cooling Demon- 
stration Act (7). 

Defense Technology Delivery System 

and the Marketplace 

Figure 1 illustrates the concept of a 
TDS in which the federal government 
provides the market for the application 
of R &D results. Under the stimulus 
of federal procurement, new technology 
is readily transferred from the R& D 
performers to the R & D users within 

Fig. 1. A simplified diagram of the TDS for defense. It includes at least the following 
nonfederal institutional components: research performers, such as universities, non- 
profit research institutes, and small R & D companies; defense contractors (who may 
also be research performers) and their suppliers; and financial institutions. 
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that system. With the help of Armed 
Service procurement regulations or 
federal procurement regulations, a 
company which is a component of the 
system can acquire a working knowl- 
edge of the R & D results produced by 
others for the government, the costs 
being allowable as overhead charges to 
all the other federal R & D contracts 
the company has. The lending institu- 
tions provide the finances necessary for 
the functioning of the component while 
it awaits payments of its bills by the 
federal government. 

The federal market can also lead in- 
directly to the creation of a civilian 
market for a new technology, when 
civilian needs are close to federal 
needs. For example, some well-known 
aircraft that are used by commercial 
airlines are adaptations of military air- 
craft. 

Because of its capabilities in the most 
advanced technologies, it is not unusual 
for other federal agencies to choose 
the defense TDS to introduce a new 
technology to civilian applications, even 
though the federal government will not 
be the end user. This can cause some 
difficulties, because components of the 
defense TDS may not do business in 
the civilian marketplace. For example, 
a federal agency recently funded an 
aerospace company to develop a light- 
weight, efficient, two-way transceiver 
for use by police forces. Since the aero- 

space company was not in the con- 
sumer electronics business, it did not 
choose to commit its own resources to 
manufacturing and selling the trans- 
ceiver to civilian police forces after 
completion of the R&D project. It 
sold the technology to a small private 
company formed for the purpose of 

making and selling these transceivers. 
The small company was underfi- 
nanced; it failed to make even its first 
payment to the aerospace company 
and went out of existence. In another 
example, the same agency developed a 

lightweight bulletproof jacket for po- 
lice use by using the services of a non- 

profit R & D corporation that did not 
traditionally manufacture or sell uni- 
forms to civil police departments. The 
agency is continuing to fund the non- 
profit corporation as a prime contractor 
to fabricate the jackets and distribute 
free samples to selected police depart- 
ments. Regular clothing manufacturers 
are now being used as subcontractors. 

It might be possible to avoid such 

potentially dead-ended situations if the 
federal government funded R & D per- 
formers that were components of both 
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the defense and conventional delivery 
systems-that is, R & D performers 
that sold their products to both the 
federal and nonfederal markets. 

Incentives for Technology 

Delivery Systems 

Even when the federal government 
ensures that the R & D performer is a 
component of the appropriate TDS, the 
other components of the TDS may not 
necessarily be willing to play their part 
in bringing the new technology to the 
uncertain civilian marketplace in the 
form of new products, processes, and 
services. A number of different incen- 
tives may have to be used to achieve 
technology utilization because the in- 
centive that stimulates one component 
of the TDS may well have no effect 
whatsoever on another component. 

Many different incentives to stimu- 
late the utilization of civilian oriented 
technology intended for the nonfederal 
market are currently being used by the 
different mission oriented federal agen- 
cies which fund civilian oriented R & D. 
Some of the incentives that may be 
applied to components of the TDS for 
the solar heating and cooling of homes 
are shown in Table 1. Some incentives 
cost more than others and some are 
more effective than others, but no sys- 
tematic set of performance data has 
been compiled for the federal incentives 

currently in use. For this reason, the 
Experimental R & D Incentives Office 
in the Research Applications Director- 
ate at the National Science Foundation 
funded a project in fiscal year 1974 for 
the purpose of collecting the perform- 
ance data for these incentives from the 
appropriate federal agencies. 

In the following sections I briefly 
review some of the incentives for tech- 
nology utilization that are now being 
used by various federal agencies. 

Procurement, Demonstration Projects, 
and Information Dissemination 

Initial federal procurement of lim- 
ited extent. The intent here is to get the 
product based on the new technology 
into production by private companies, 
in the hope that they will start selling 
the product to the public after termi- 
nation of federal procurement. For this 
incentive to work, the product should 
not require much adaptation for the 
civilian marketplace, and there has to 
be a public desire to buy this product. 
28 FEBRUARY 1975 

The Law Enforcement Assistance Ad- 
ministration is one agency that uses 
this approach. 

Federally funded demonstration proj- 
ects. This is a popular and frequently 
used incentive for stimulating utiliza- 
tion of civilian oriented R & D results. 
An example is the recent "Operation 
Breakthrough" organized by the De- 
partment of Housing and Urban De- 
velopment. The Bureau of Mines has 
used this incentive in the past and it 
is part of the ongoing activities of the 
Office of Coal Research. The purpose 
of such projects is to provide empirical 
data on production cost, performance, 
reliability, and public acceptance. If 
the private company carrying out the 
demonstration project is capable of 
subsequently manufacturing and selling 
the new product, process, or service to 
the public, the chances are much higher 
for technology utilization in the civilian 
marketplace. If the demonstration 
project does not stimulate all the com- 
ponents of the appropriate TDS, the 
new technology may see no further 
application after the demonstration. If 
the demonstration project is carried 
out by a component of the wrong TDS 

Table 1. A summary of the incentives for 
technology utilization now being used by dif- 
ferent federal agencies, which may be ap- 
plied to six of the components of the TDS 
for the solar heating and cooling of homes. 

Private housing market (homeowners) 
Information dissemination 
Demonstration projects 
Loan guarantees and loan insurance 
Construction grants 

Home builders and developers 
Information dissemination 
Demonstration projects 
Limited federal procurement 
Federally funded market research and testing 
Federal cost sharing 
Federal construction grants 

Equipment manufacturers 
Information dissemination 
Exclusive licensing of federal patents 
Demonstration projects 
Limited federal procurement 
Federal testing of new products 
Federally funded market research and testing 
Federal cost sharing 
No-cost leasing of demonstration plants for 

manufacture 

Lending institutions 
Information dissemination 
Loan guarantees and loan insurance 

Local government codes and regulations 
Information dissemination 
Federal specifications 

Architect engineering companies 
Information dissemination 
Demonstration projects 
Limited federal procurement 

(for example, one that delivers only 
to the federal marketplace), then sub- 
sequent utilization in the civilian mar- 
ketplace may not take place at all. 

Information dissemination. This is a 
necessary (but not sufficient) step to 
get the R & D performer to the poten- 
tial user. The National Technical In- 
formation Service (NTIS) of the De- 
partment of Commerce has the respon- 
sibility for storage and retrieval of the 
final reports of federally funded R & D. 
Not only do the federal agencies fund- 
ing R & D have to make sure that the 
NTIS gets their reports, but most of 
them also actively engage in their own 
information dissemination activities. 
For example, the Environmental Pro- 
tection Agency, the Law Enforcement 
Assistance Administration, the Depart- 
ment of Transportation, and the Depart- 
ment of Agriculture have their own 
technology utilization divisions that 
publish and distribute documents and 
organize public workshops, short 
courses for industry, and cooperative 
R & D programs between the perform- 
ers of research and the potential users 
of the results. 

The information that is disseminated 
by the R & D performers must be con- 
verted into a working knowledge of the 
subject by the potential user, before 
technology utilization can begin to oc- 
cur. This requires a substantial amount 
of time and money. An organization 
that wants to develop working knowl- 
edge of a new technology, starting with 
documentary information of the R & D 
results, must pay for the time that it 
takes its employees to read, understand, 
assimilate, and even test the new infor- 
mation. Unless it independently tests 
the new information there is reason to 
doubt whether it has actually acquired 
a working knowledge of the technology: 
a multitude of essential empirical facts 
may be missing from the documents 
because the R&D performers consid- 
ered them too mundane or obvious (or 
even too subtle) to include them in the 
documentation. This is recognized by a 
company that licenses a patent. The 
licensing agreement usually calls for 
the technical services of the inventor, 
along with permission to use the 
patent. 

Thus a company has to make a con- 
siderable investment in order to achieve 
a working knowledge of R & D results, 
even if it gets the documents contain- 
ing the results at no cost. When it gets 
the information through licensing a 
patent, its investment of time and 
money is generally protected by the 
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terms of the patent. When a company 
obtains federally funded R & D results, 
which are available to anyone for the 
asking, there is no such protection for 
the investment it has to make to convert 
this information into a working knowl- 
edge of the technology, nor for the 
substantially larger investment it has to 
make to convert this working knowl- 

edge into a new product, process, or 
service. 

There are two well-recognized ways 
in which a company can avoid paying 
for converting federally funded R & D 
results into a working knowledge of a 
technology. One obvious way is for the 

company to get a government contract 
that will enable it to do the specific 
R&D in which it may have a future 
commercial interest. Another way is to 
obtain contracts to do R & D in gener- 
al for the federal government. Both the 
Armed Services procurement regula- 
tions and the federal procurement reg- 
ulations recognize the fact that it costs 
a company money to assimilate the 
results of R & D performed by another. 
Provided that the company's costs of 

doing this are normal and reasonable, 
they are allowable overhead costs which 

may be distributed over all the federal 
R & D contracts the company has. In 
contrast, a company that does not do 
R & D for the federal government must 
use its own resources to pay for the 
cost of converting federally funded 
R&D results into a working knowl- 

edge of the technology they describe. 
The concept of federally funded field 

agents to bring the results of R & D 
to the potential user has a long dis- 

tinguished history. The Department of 

Agriculture began using this approach 
before the era of mass communications 

(6). The PENN-TAP (technology as- 
sistance program) program in the 
State of Pennsylvania has been a suc- 
cessful effort of a similar nature di- 
rected toward industry in the state. 

However, to achieve the success of the 

Department of Agriculture's field agent 
program, a federal research administra- 
tor must contemplate a budget for the 
field agent system roughly equal in 

magnitude to his agency's R & D budg- 
et (8). This is difficult to accept, since 
it implies either a substantial increase 
in the budget for technology utiliza- 
tion, or a drastic decrease in the R & D 
budget with an accompanying diversion 
of funds from R & D to technology 
utilization efforts. What is needed, per- 
haps, is a low-cost modern equivalent 
of the field agent system. 
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Construction Grants and Federal 

Patents and Licenses 

Construction grants. Federal grants 
are normally available only to univer- 
sities and nonprofit organizations. Un- 
der special circumstances grants to pri- 
vate companies may be made, usually 
in conjunction with cost sharing by the 
company and the performance of a 
public service. For example, grants may 
be made by the Environmental Pro- 
tection Agency to a private company 
for a water pollution control installa- 
tion, provided it is the first of its kind 
so that the company is, in effect, carry- 
ing out a public demonstration of its 
technical feasibility. In this case it 
would be the combination of the grant 
and the federal water pollution control 

regulation that was the incentive to 
the utilization of R &D results on 
water pollution control, rather than 
the grant per se. 

Federal patents and licenses to users. 
The federal government takes out pat- 
ents largely as a defensive measure, to 
avoid paying royalties on patents result- 

ing from R & D that it has paid for 
although the patents might have been 

applied for by others. Another reason 
is to make the patents available for 
use by the public on a nonexclusive 
license. Nonexclusive licenses for fed- 
eral patents have been put to success- 
ful commercial use, but only after con- 
siderable federal investment has been 
made to remove practically all of the 
technical and economic risks. Examples 
are the patent on potato flakes by the 

Department of Agriculture and the 

patent on a fertilizer by the Tennessee 

Valley Authority (9). In the absence 
of such extensive federal investments 
in development, industry is reluctant 
to invest heavily in commercializing a 
federal patent on the basis of a non- 
exclusive license only. There has been 
a growing recognition of this fact and 
of the need to protect this investment 
in some way that will encourage pri- 
vate industry to make commercial use 
of federal patents. Only NASA at pres- 
ent has the statutory authority to grant 
exclusive licenses as an incentive to 
the commercial use of patents. An at- 

tempt to give exclusive licensing au- 

thority to the heads of other federal 

government agencies by a General 
Services Administration (GSA) patent 

policy has been struck down by a 
recent court ruling. The other provision 
in this GSA patent policy, that would 

give title to a patent to a research 

performer under certain circumstances 
even though the research was paid for 
by the federal government, is under 
challenge in the courts. 

At present, federal policy on the 
ownership and licensing of patents is 
a weak incentive to the commercial 
utilization of federally funded R & D 
results, particularly since the only fed- 
eral agency with statutory authority to 
give exclusive licenses on federal pat- 
ents (that is, NASA) will not enforce 
the exclusivity against patent infringers. 

Federal Cost Sharing and Leasing 

Federal cost sharing with industry. 
This incentive to technology utilization 
is popular with federal research admin- 
istrators for a variety of reasons and is 
being used by such agencies as the 
Maritime Administration and the Of- 
fice of Coal Research, among others. 
Cost sharing by industry is regarded 
as a demonstration of industrial inter- 
est in a federally funded R & D pro- 
gram, and is therefore very useful in 

justifying a requested budget. Federal 
cost sharing is also a .useful way of 

responding to pressures from industry 
and the general public. As an incentive 
to technology utilization, it is believed 
to raise the level of technical and eco- 
nomic risk that will be acceptable to 
a company that is trying to decide 
whether or not to exploit R & D results. 

Cost sharing of a federal R & D con- 
tract can be a useful indicator of the 
intentions of industry regarding tech- 

nology utilization. A company that ac- 

cepts only a small proportion of the 
costs of the R & D, say about 5 percent, 
is unlikely to feel a great commitment 
to the subsequent exploitation of the 
R & D results, whereas a company ac- 

cepting a high proportion of the costs, 
say about 80 percent, is certainly in- 
terested in using the results. However, 
situations in which very high propor- 
tions of the costs are borne by a com- 

pany raise the legitimate question of 
whether that company was planning to 

go ahead on its own anyway without 
federal support, which could therefore 
be better used elsewhere. Thus one can 
deduce that between the two extremes 
there is a range of values indicating 
that a company is seriously interested 
in utilizing R&D results but is un- 

likely to proceed with the research on 
its own without the incentive of federal 
cost sharing. An attempt is being made 
by the Office of Experimental R & D 
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Incentives, in the Research Applica- 
tions Directorate of the National Sci- 
ence Foundation, to find this critical 

range of cost sharing ratios through a 

retrospective study of the recent history 
of cost sharing R&D programs be- 
tween the federal government and 

industry. 
The same reasoning can be applied 

to cost sharing of pilot or demonstra- 
tion projects, except that the costs for 
these projects are much higher than 
the costs for R & D alone. Here, the 
critical range of cost sharing ratios 

may well be different from that in 
R&D projects. It is also possible that 
this critical range will differ from one 

industry to another. 
No-cost leasing of federal demon- 

stration plants. When the capital invest- 
ment required for a full-scale indus- 
trial plant is very high, the technical 
and economic uncertainties are great, 
and there is a pressing national need 
that must be met, the federal govern- 
ment may construct and lease such 

plants at no cost, for industry to oper- 
ate. This is a very powerful incentive 
to the utilization of research results 
under conditions of great technological 
and economic uncertainty, and enor- 
mously facilitates subsequent invest- 
ment by industry. This approach was 
used by the government during World 
War II, for example, when it con- 
structed plants for the manufacture of 
synthetic rubber and penicillin. 

Leasing of public sites. This lowers 
the economic risk to the technical inno- 
vator who wishes to use the results of 
R&D. Public lands are leased by the 
Department of the Interior, for exam- 
ple, to encourage the construction of 

experimental oil shale extraction plants 
and the construction of geothermal 
power plants. 

Federal Testing, Performance 

Specifications, and Regulations 

Government testing for new products 
and processes. Some federal labora- 
tories, such as those in the National 
Bureau of Standards, test new products 
(for example, building industry prod- 
ucts) and make the results of the tests 
available to industry and the public. 
This can be an incentive to the civilian 
acceptance of new products based on 
federally funded R &D. 

Publication of government specifica- 
tions. The publication of performance 
specifications can be an incentive to 
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the utilization of a new technology, 
particularly if the specifications include 
the results of federally funded R & D. 
This approach, which is used exten- 

sively by the Department of Defense, 
exerts its strongest influence when it is 

coupled to a federal procurement. It 
can also indirectly affect the acceptance 
of a new technology in the civilian 

marketplace. For example, the existence 
of a federal government performance 
specification can influence a new tech- 

nology's adoption into local ordinances, 
codes, or regulations. Such specifica- 
tions can be especially important to 
the many state or local governments 
that have neither the extensive labora- 

tory facilities that the federal govern- 
ment has, nor comparable resources for 

acceptance testing. 
Federal regulations. Federal regula- 

tions, if they are based on the results 
of federally funded R & D, can be ex- 

tremely powerful incentives to technol- 

ogy utilization. If they are not based 
on the results of R & D, then they can 
be harmful by specifying what may be 

technically impossible or unnecessarily 
demanding. In the latter case there 

may be extensive defensive litigation by 
industry instead of willing compliance. 
This has been observed by the En- 
vironmental Protection Agency in the 
area of water pollution control, and 

by the Department of Transportation 
in its efforts to regulate automobile 
exhaust emission and automobile safety. 

Federally funded market research 
and testing. The demonstration of the 
existence and viability of a commer- 
cial market can be a powerful stimulus 
to private industry's converting the re- 
sults of federally funded R&D into 
new products, processes, and services 
for the public. The Department of 
Agriculture used this approach to in- 
troduce potato flakes to the commercial 
market, and the Tennessee Valley Au- 
thority used it to bring about the com- 
mercial manufacture and sale of a new 

type of fertilizer (9). 
This incentive has not been used as 

much as it could have been by the 
federal government to stimulate tech- 
nology utilization for civilian purposes. 

Loan Guarantees and Loan Insurance 

These incentives have been widely 
used by the federal government to 
stimulate the availability of loans to 
the public for a variety of purposes. 
Through the Federal Housing Admin- 

istration, these incentives have made 
loans available for the purchase of 
homes. The Small Business Administra- 
tion has used them to encourage lend- 

ing institutions to provide loans for 
small businesses. 

In principle, these incentives are in- 
tended to raise the levels of risk that 
will be acceptable to the lending insti- 
tutions. In practice, however, there is 
reason to doubt whether this is ever 
achieved. The primary decision on 
whether a particular loan should be 
made is the responsibility of the lend- 

ing institution; after this decision has 
been made the federal agencies guaran- 
tee or insure part of the loan. Since 

only part of the loan is covered, the 

lending institutions are thereby encour- 

aged to exercise their normal prudence. 
The case for using such incentives 

for stimulating investment in techno- 

logical innovation was made by the 
economist Kenneth Arrow (10) who 
concluded that for optimal allocation 

(of resources) to invention it would 
be necessary for the government or 
some other agency not governed by 
profit and loss criteria to finance re- 
search and inventions. 

There is a growing belief that the 
federal incentives of loan guarantees 
or loan insurance should be used to 
stimulate investment in the high risk 
area of technological innovation. Two 

recently enacted laws (11, 12) are in- 
tended to provide federal loan guaran- 
tees in the areas of solar energy and 

geothermal energy, respectively. Since 
the normal sources of investment in 

technological innovation claim that 
their decisions are made solely on the 
merits of a particular case, it is possible 
that federal loan guarantees or loan 
insurance may not be as successful a 
stimulus in the high risk area of invest- 
ment in technological innovation as it 
has been for housing. Investment in 
the utilization of the results of federal- 

ly funded R &D also lacks the pro- 
tection of private patent ownership or 
(with the exception of NASA) the 
limited protection of an exclusive li- 
cense. "Seed money" investment in 
technological innovation is usually made 
in return for equity, in the expectation 
that the high return on equity will 
compensate for the high inherent risk 
of technological innovation. 

Because of the well-founded reasons 
for and against the merits of federal 
loan guarantees or insurance as incen- 
tives for stimulating investment in tech- 
nological innovation (and by inference. 
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Summary 

If the federal government is not 

going to be the major market for the 

application of federally funded R & D 
results, then the responsibility for bring- 
ing about technology utilization can- 
not be borne alone by the federal 

agency funding the R &D. That this 

problem is now being recognized is 
shown by the number of bills that were 
introduced in Congress in 1974, cul- 

minating in the Solar Heating and 

Cooling Act of 1974 (7). 
An examination of the incentives for 

technology utilization in the conceptual 
framework of TDS (as shown in Fig. 
4) reveals the following: 

1) Incentives must be applied to 
each component of the TDS. 

2) Different components in the TDS 

require different incentives. 
3) Although information exists con- 

cerning a wide variety of incentives 
that are currently being used by vari- 
ous federal agencies to stimulate tech- 

nology utilization, most of this infor- 
mation is in the form of raw data com- 

piled by the respective agencies and a 
substantial effort will be required to 
collect, compile, and evaluate them. 

4) All the components of a TDS 
must be activated if technology utiliza- 
tion is to occur on a self-sustaining 
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piled by the respective agencies and a 
substantial effort will be required to 
collect, compile, and evaluate them. 

4) All the components of a TDS 
must be activated if technology utiliza- 
tion is to occur on a self-sustaining 

basis. This makes experimental verifi- 
cation of a particular incentive on a 

particular component difficult. 
5) A federal agency concerned with 

technology utilization can and should 
assume the responsibility for identify- 
ing all the components of the required 
TDS, devising incentives for each com- 
ponent and testing them to ensure their 
effectiveness. Where a TDS does not 
exist, the federal agency may have to 
assume the responsibility of creating 
one. The scope of this effort in many 
cases may transcend the present au- 
thority of the agency, and congressional 
action may be required to remedy this 
shortcoming. 
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In demographic circles it has been 
commonly asserted that the long-term 
evolution of man was possible only 
because his high natural fertility per- 
mitted him to overcome the effects of 
an exceptionally heavy premodern 
mortality-mortality amounting to a 
loss before the age of reproduction of 
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as much as 50 percent of all individ- 
uals born (1-3). 

A corollary of this same viewpoint 
is the conclusion that the direction and 
degree of change in human population 
size has been governed in preindustrial 
eras solely by mortality. It is this pre- 
conception that has been largely re- 

as much as 50 percent of all individ- 
uals born (1-3). 

A corollary of this same viewpoint 
is the conclusion that the direction and 
degree of change in human population 
size has been governed in preindustrial 
eras solely by mortality. It is this pre- 
conception that has been largely re- 

sponsible for "transition theory," 
which holds that the so-called demo- 
graphic transition of modern times is 
the result of a new response toward 
reduction of growth induced by the ris- 
ing standards of living and health that 
have followed upon the industrial and 
medical revolutions (4). 

Recent years have seen attempts to 
modify these opinions, however, on the 
part of historical demographers [for 
example (5-7)], anthropologists [for ex- 
ample (8-12)], and others (13), who 
base their views upon various data 
from their respective disciplines. Un- 
fortunately, discussion of the question 
is hampered on the one hand by the 
difficulty of constructing adequate 
demographic arguments from evidence 
of populations long dead (14, 15), and 
on the other by the fact that acceptable 
studies of hunter-gatherers or non- 
industrial agricultural peoples are lim- 
ited by the scarcity of such peoples still 
available for study whose lives have 
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