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SUMMARY 

Acceptance of energy-related technologies by end residential consumers, 

manufacturers of energy-related products, and other influential intermediate 

markets such as builders will influence the potential for market penetration of 

innovative energy-related technologies developed by the Department of Energy, 

Office of Building and Community Systems (OBCS). In this report, Pacific 

Northwest Laboratory reviewed the available information on technology adoption, 

diffusion, and decision-making processes to provide OBCS with a background and 

understanding of the type of research that has previously been conducted on 

this topic. Insight was gained as to the potential decision-making criteria 

and motivating factors that influence the decision-maker(s) selection of new 

technologies, and some of the barriers to technology adoption faced by 

potential markets for OBCS technologies. Some of the specific findings follow: 

RESIDENTIAL CONSUMER MARKET 

• As many of the products and ideas developed by OBCS are technological 

innovations, it is important to understand the process by which 

innovations are diffused through society. This process may vary 

with: 1) the characteristics of the innovation, 2) the character

istics of the consumers, and 3} the social networks in which the con

sumers are members. 

• Consumers making an energy-related purchasing decision usually pass 

through the following stages: 1) problem recognition, 2) information 

search, 3) evaluation of alternatives, 4) purchase decision, and 5) 

post-purchase behavior. 

• Economic factors are purchasing criteria which are especially cri

tical to consumers of energy-efficient products. High returns and 

short payback periods can influence the consumer to purchase a more 

efficient product. 

• Attitudes which are specific to the purchase of energy-related 

products can influence the consumer•s behavior. This is an area in 
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which further study is especially necessary to determine which atti

tudes are related to energy~related purchasing. 

• Self-perception theories and decision heuristics demonstrate that the 

consumer is not 

ing decisions. 

make the process 

always a rational thinker who makes optimal purchas~ 

Often the consumer takes decision-making shortcuts to 

less complex. 

• Several barriers to energy-efficient investment exist which make it 

more difficult for the consumer to make the best decision. Strate~ 

gies to overcome these barriers can be developed. 

MANUFACTURERS 

• Great potential exists for private sector involvement in government 

research programs. To realize this potential, the reasons for manu

facturing companies becoming involved in an energy-related market 

must be examined. These reasons include: 1) response to market needs 

and demand, 2) the need to diversify into new business areas, 3) 

government, environment, and safety factors, 4) scarcity of 

resources, and 5) concern over the energy situation. 

• Industries with the following characteristics have been demonstrated 

to be more receptive to the adoption of new technologies: 1) inter

mediate 1 eve 1 of heterogeneity, 2) intermediate 1 eve 1 of competition, 

3) high level of demand uncertainty, 3) clear and frequent signaling 

between industry competitors, 4) professionalism, and 5) high level 

of external integration. 

• There are two types of innovation strategy used by manufacturers. 

These are "demand pull" and "technology push." Different decision 

criteria become important depending on which of these strategies is 

being used by a firm. 

• The decision to adopt and invest in the development of a new tech

nology is a risky one for an organization because of the time and 

monetary commitments involved. Therefore it is important to involve 

the firm's "decision-making elite" in this decision. Factors which 
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influence the decision~making elite•s choice include their attitudes 

toward risk, change, and traditional technologies. 

• A different set of barriers exist which deter manufacturers from pro

ducing energy~efficient products. Again, strategies can be developed 

which minimize the effects of these barriers. 

RESIDENTIAL INTERMEDIATE MARKET {BUILDERS) 

• Because approximately 40% of all major appliance purchases are made 

by builders (Science Applications, Inc. 1982), they represent a very 

important target market for OBCS. Very few studies have been conduc

ted concerning this influential market. 

• Builders are initially stimulated to use an energy-efficient feature 

because of market and cost factors. 

• Builders use a variety of information sources to obtain facts about 

energy-efficient products. These sources include electric utility 

companies, suppliers, mass media, consumers, and trade publications. 

Although there have been many theoretical works involving consumers• 

decision-making processes for energy-related purchases, there have been 

relatively few empirical studies on the subject. Those studies which do exist 

were primarily conducted in the late 1970s and the early 1980s when there was 

greater consumer concern about the energy situation due primarily to higher 

energy costs. It is important for OBCS to be aware of the current trends in 

consumer decision-making which are probably quite different than those of a 

decade ago. Past studies on new technology adoption patterns of manufacturers 

and other intermediate markets such as builders are even more scarce than those 

pertaining to the residential end consumer. 

One important result of this study was discovering how few studies have 

been conducted concerning the residential intermediate market of builders, con

tractors, engineers, and architects. These groups often make purchase 

decisions for end residential consumers. Only in the builder market is some 

information available concerning the criteria used when choosing the energy

related products which will be included in a new home or apartment building. 

v 



Therefore, it is suggested that this intermediate market be one of the focal 

points of future research. Further study of the decision makers in the inter

mediate residential market (the builders, engineers, contractors, architects, 

etc.) would benefit OBCS by providing information that could be used to better 

understand one of its major target markets. 

The findings of this study conclude that more research is required to 

determine the evaluation criteria and motivating factors that influence 1) the 

decision by end consumers to invest in energy-conserving products, 2) the 

decision by manufacturers to invest in the development of energy-related tech

nologies, and 3) the decision by the residential intermediate market to design 

and construct energy-efficient homes. 

Although this study has helped to fill in many of the gaps about the 

energy consumer•s decision-making processes, criteria, and motivation, there is 

still much to be learned. Questions that need to be answered for each of the 

three OBCS target market areas include: 

1. Who are the key decision-maker(s) in energy-related investments? 

2. What decision-making criteria are used to evaluate energy-related 

investments? 

3. What motivating factors are most influential in energy-related 

decisions? 

4. What are the decision-making processes that are incorporated into the 

decision to make an energy-related purchase? 

5. Who and what influence the decision-maker(s)? 

6. What information sources are considered most credible by decision

makers'? 

It is recommended that surveys and focus groups involving decision parti

cipants in each of the three major target markets be conducted. The above 

questions suggest some of the areas in which further research would be bene

ficial. Topics specific to each of the three markets are discussed in the 

final chapter of this report. 
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1.0 INTRODUCTION 

New energy-related technologies will result in energy-saving products for 

use by residential consumers (product technologies), and 1 ower-cost manufactur

ing processes (process technologies). The use of these new technologies will 

result in lower product prices for residential consumers and will increase the 

competitiveness of U.S. manufacturers. The development of these new technol

ogies is an important function of the u.s. Department of Energy (DOE), Office 

of Building and Community Systems (OBCS). The successful transfer of these 

technologies from the laboratory to industry, and later from manufacturers to 

residential consumers, depends on the acceptance or "adoption" of the technol

ogy by a number of distinct markets and market segments. In 1986 OBCS 

requested that Pacific Northwest Laboratory (PNL)(a) conduct a preliminary 

effort to 1) identify and assess various market factors that affect the adop

tion of energy-related technologies and to 2) identify areas requiring further 

research in order to enhance and encourage technology commercialization 

efforts. 

The three markets that will be addressed in this study are: 

• Residential Consumer Market - This market is made up of the residen

tial consumers who will ultimately use energy-related technologies in 

their homes. Manufacturers and the residential intermediate market 

(explained below) both attempt to satisfy the needs and wants of 

these consumers who are the final indicator of overall market accep

tance of a new technology. 

• Manufacturers - Before most energy-related technologies are available 

in the residential consumer market, manufacturers must first adopt 

the technology, further develop it, and eventually market it to resi

dential consumers. 

(a) PNL is operated for the U.S. Department of Energy by Battelle Memorial 
Institute under contract DE-AC06-76RLO 1830. 
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• Residential Intermediate Market - This market consists of builders, 

contractors, architectural firms, or other organizations that influ

ence and often make purchase decisions for residential consumers. 

The residential intermediate market often provides a link between 

manufacturers and residential consumers. This study focuses primar

ily on builders because of the lack of information on other irter

medi ate market participants. 

The successful transfer or market penetration of OBCS technologies from 

laboratories to residential consumers often depends on the technology•s accep

tance by these three markets. Understanding the relationships between the 

markets and how their individual internal and external characteristics influ

ence the willingness to adopt a new technology will better enable OBCS to 

develop strategies to gain support of manufacturers and the residential inter

mediate market. Figure 1.1 illustrates the interrelationships between these 

markets. 

Chapters in this report will cover the fo.llowing areas. 

CHAPTER 2.0 - THE RESIDENTIAL CONSUMER MARKET 

Several facets of consumer decision-making will be examined in Chapter 

2.0. Specific components of consumer behavior will be combined to form a com

prehensive framework that can be used by OBCS to develop and implement stra

tegic marketing plans. Residential consumers are the ultimate users of many 

OBCS technologies. Their acceptance or purch~se of an energy-related products 

is the final indicator of success for a new OBCS technology. OBCS should be 

aware of the needs and preferences of residential consumers in order to better 

serve this market. Understanding the needs and behaviors of the residential 

consumer will enable OBCS to provide helpful marketing information to other 

markets involved in the diffusion/adoption process such as manufacturers and 

builders. Manufacturers, builders, architects, and engineers can use the 

information to determine which OBCS technologies to develop or adopt. 
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Manufacturers of 

Energy-Related 

Technologies 

1) Energy-saving product and process ideas are generated by OBCS. These ideas 
may result from specific market needs or from new technological 
developments. 

2) OBCS transfers information on new technologies to manufacturing firms that 
produce and market energy-related products . Participating firms manufac
ture and market OBCS's product ideas . 

3} The finished product may take one of two routes, both of which have the 
residential end user of energy- related products as the ultimate destina
tion. The first route is through an intermediate market such as builders. 
contractors, architects, or engineers. While this market may not actually 
use the energy-related technologies, it is responsible for many purchasing 
decisions. These decision affect the products which are then used by the 
resident of the dwelling. 

4} The second route flows directly from the manufacturer to the end user of 
the technological innovations including homeowners and tenants . The end 
user is often the ultimate decision-make r for retrofit and replacement 
decisions, as well as for those decisions made while custom building a new 
home. 

5} In the case of process innovation, the technology or idea may be directed 
to the manufacturer or it may bypass the manufacturer and be used directly 
by the intermediate residential market. An example of a process that might 
bypass the manufacturer is a new way to more efficiently combine existing 
products such as insulation and thermal windows. 

6} OBCS needs to know and understand the needs and wants of each of these 
markets and how the demand in one market influences the demand in other 
markets . 

NOTE: Feedback is present in al1 of these relationships between markets as 
indicated by the arrows . Information flows in two directions, both to and from 
the consumers. It is important for each member of the marketing channel to 
know the needs of the other members . This allow optimal diffusion of the 
innovation. 

FIGURE 1. 1. OBCS and the Interrelationships of its Markets 

1.3 



A brief description of each section in this chapter follows: 

• diffusion of energy-related technological innovations 

• consumer decision-making for energy-related investments 

• economic discount rates and consumer choices 

• consumer attitudes and energy-related investments 

• self-perception theories and heuristics 

• barriers to energy-efficiency and investment. 

CHAPTER 3.0 - MANUFACTURERS OF ENERGY -RELATED PRODUCTS 

Successful market penetration of many OBCS technologies depends on the 

acceptance or adoption of energy-related product technologies/processes by 

manufacturers. Support from these manufacturers is often necessary to devel op 

the technology into an end product or process that will better meet the energy 

requirements of residential consumers . A brief description of the major sub

jects covered in Chapter 3.0 follows: 

corporate innovation patterns 

• diffusion of innovations from OBCS to manufacturers 

• "demand pull" versus "technology push" innovation strategies 

• the decision-making process of the firm 

• barriers to successful market penetration. 

CHAPTER 4.0 - RESIDENTIAL INTERMEDIATE MARKET - BUILDERS 

The residential intermediate market is made up of individuals and organi

zations that make purchase decision for residential end consumers. This market 

includes builders, contractors, architectural firms, rental property owners, 

and others. This chapter focuses on the decision processes, decision criteria, 

risks, and energy-related product information sources used by builders and con

tractors. The information regarding builders was obtained from a 1978 survey 

of North Carolina home builders. Focus is not provided on other intermediate 

residential markets because of lack of infornation . A brief description of the 

major subjects covered in Chapter 4.0 follows: 
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• initial stimuli for adding energy-conservation features 

• decision criteria for specific energy-conservation features 

• information sources referred to by builders. 
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2.0 THE RESIDENTIAL CONSUMER MARKET 

One of the three major markets which OBCS serves consists of residential 

end users of energy and energy-related products. Included in this market are 

the homeowners and tenants who actually use the energy and energy-related pro

ducts in a residence. Although this consumer market ultimately uses products 

and ideas developed by OBCS, it does not necessarily choose or pay for the pro

ducts. Often intermediaries provide these functions for the homeowner or 

tenant. 

However, there are situations in which the residential consumer is the 

decision maker in an energy-related investment. Two such situations are those 

of custom-built homes and replacements or retrofits to exis~ing homes. Also, 

as the ultimate users of an energy-efficient product, individuals who make up 

the residential market contribute greatly to public opinion and acceptance of 

new products. If the residential consumer market is not satisfied with a par

ticular technology, it is unlikely that the intermediate market or manufac

turers will adopt it. 

Therefore, it is very important for OBCS to understand the residential 

consumer market to prevent costly marketing and/or research and development 

errors. First, information about residential market segments can help direct 

OBCS research toward a specific market. Many products which are conceptua 1 i zed 

never make it to the commercialization stage of development. If OBCS can bet

ter determine which ideas will produce successful products and which will not, 

they can concentrate developmental efforts on probable successes and avoid 

wasting valuable time and resources on probable failures. Although there is no 

foolproof way to determine which technologies will fail and which will succeed, 

a clear understanding of consumers• purchasing behaviors gives valuable insight 

into their preferences. Secondly, providing consumers with products they need 

and want will enhance oscs•s credibility as a valuable contributor to the con

servatio1 of energy and to society in general. 
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2.1 DIFFUSION OF ENERGY-RELATED TECHNOLOGICAL INNOVATIONS 

In order to understand how new energy technologies such as heat pump fur

naces or more efficient insulation are introduced in the marketplace, it is 

necessary to understand the process through which innovations are introduced 

and diffused into society. An innovation refers to any product, service, or 

idea that is perceived as being new or novel by the potential consumer. The 

product may have been available for a period of time, but it is considered an 

innovation by the individual who is examining it for the first time 

(Kotler 1984). 

2.1.1 Characteristics of Consumers 

Individual consumers differ in their willingness to try new products. A 

persan•s innovativeness is defined as "the degree to which an individual is 

relatively earlier in adopting new ideas than the other members of his social 

system" (Rogers and Shoemaker 1971). Hirshman (1980) distinguishes between 

three kinds of innovativeness: vicarious, adoptive, and use. "Vicarious" 

innovativeness is the seeking of information' about new products or ideas. Not 

until the consumer actually buys the product has he participated in 11 adoptive" 

innovativeness. 11 Use 11 innovativeness involves finding new uses for products 

which are currently being used by the consumer. 

Consumers in the United States can be classified into five adopter cate

gories which include: 1) innovators, 2) early adopters, 3) early majority, 

4) late majority and 5) laggards as shown in Figure 2.1. Each of these classes 

of adopters is believed to have different demographics and value orientations. 

"Innovators" tend to be younger, highly educated, and more financially able to 

take a chance on an unproven product. They are confident, venturesome, and 

enjoy taking risks. The "early adopter" group is a 1 arger group consisting of 

13.5% of eventual adopters. While less adventuresome than the innovators, this 

group also has sufficient income, education and confidence to adopt a product 

or idea that has not yet gained wide acceptance. This group tends to be more 

socially integrated and, thus, members are considered opinion leaders by later 

adopters. The membership of the "early majority" group usually consists of 

solid middle-class consumers who are of average socio-economic status. 
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FIGURE 2.1. Categories of Adopters of Innovative Products 
Source: Rogers. 1983. 

The "late majority" group has similar characteristics but tends to have 

slightly less education and income than the early majority. 1taggards" or 

final adopters are the last group to adopt a new product or idea. This latter 

group of consumers can make use of an innovation 

educational reasons, has been slow to adopt it. 

but for economic, social, or 

Finally, with many products, 

there may be a group of non-adopters or consumers who will never use the pro

duct. This particularly applies to products, such as luxury automobiles, that 

target a small and distinctive audience {Zikmund and D1 Amico 1984). 

While dividing individuals into these adopter groups is useful in segment

ing consumers into markets that can be targeted at different stages of a pro

duct1s life cycle, it is not absolute. There have been discrepancies in the 

profiles generated for the innovative consumer. According to Dickerson and 

Gentry (1983), descriptions of the innovator range from being socially misfit 

to being socially integrated and mobile. These discrepancies may occur parti

ally because of differing characteristics of the innovative products. Differ

ent groups of consumers may be initially attracted by different types of inno

vative products. Product differences will be discussed in the next section of 

this chapter. 

One good predictor of the adoption of a set of energy-saving modifications 

in the home has been determined to be the presence of an individual who was 

able to make repairs. Darley and Beniger (1981) explain the relationship as 

follows: 
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11Mechanical ability probably has its impact in three ways. First, those 
with it are better able to understand energy-conserving innovations and 
judge which make most sense for their own circumstances. Second, it 
allows the homeowner to avoid labor costs by doing whatever labor the 
innovation requires. Third, it increases the certainty that potential 
savings will be achieved. 11 

Other characteristics of those who invest in conservation measures compared 

with those who do not invest, include: 1) have higher incomes, 2) are younger, 

3) live in older houses, 4) use more energy, and 5) own their homes (Frieden 

and Baker 1983). 

2.1.2 Characteristics of Innovations 

Not all of the variables 1n adopting new technology stem from differences 

in consumer proclivity to adopt a new product. Product characteristics within 

the innovation itself may also play a major role in determining the success and 

speed of a product •s market penetration. 

Degrees of Newness 

One way that new products vary is with respect to their degrees of new

ness. Three major categories of innovations are 1) continuous, 2) dynamically 

continuous, and 3) discontinuous. Figure 2.2 below shows a continuum of inno

vations using newness as a scale. The examples shown demonstrate where various 

energy investments might fit in the continuum. 

11Continuous 11 innovations involve the minor modifications of existing pro

ducts. Few or no disruptions of the behavioral patterns of consumers occur 

when using a continuous innovation. A 11 dynamically continuous'~ innovation 

causes some disruption in behavioral patterns, but does not cause substantial 

alterations. The creation of a new product or the modification of an existing 

product may be categorized as a dynamically continuous innovation (Dickerson 

and Gentry 1983). 11 Discontinuous" innovations are pioneering products so new 

that no previous product has performed an equivalent function. As a result, 

new behavioral patterns for consumption and usage must be established (Zikmund 

and D1 Amico 1984). Much of the literature concerning technological innovations 

deals with the discontinuous variety, although most innovations tend to fall in 

the other two categories. 
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Innovation 

Technological 
Breakthrough 

• no previous 
product 
performed 

Solar panels 

FIGURE 2.2. Continuum of Newness in Innovative Products 

Indications of Innovative Success 

Innovative products have several characteristics that make it possible 

to estimate the commercial success of the product. These include relative 

advantage, compatibility, complexity, trialability, observability, financial 

cost, social cost, return on investment, and perceived risk. These are listed 

in Table 2.1, and the direction of the relationship between each characteristic 

and chances of commercial success are shown. Relative advantage is determined 

by how much the new product improves over existing products that provide simi

lar functions. Improvement may be in terms of cost savings or performance. 

Compatibility refers to how the innovation fits into the potential user's life

style and va 1 ue system. Compatibility may a 1 so de a 1 with the fit of new com

ponents into an existing system such as a heat pump fitting into an existing 

HVAC system. An innovation's complexity refers to the level of complication of 

the product as perceived by the consumer. Often consumers ai'e intimidated by 

products which they perceive as too complex to understand and/or operate. The 

trialability characteristic of a product indicates how easy it is to test the 

product. Testing an innovation often reduces the risk associated with it. 
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TABLE 2.1. Product Characteristics of Innovative Success 

Characteristic 

Relative advantage 

Compatibility with existing lifestyles. 

Relationship 
With Success 

+ (a) 

behaviors, and values + 

Perceived complexity (b) 

Trial ability + 

Observabi 1 i ty + 

Financial cost 

Social cost 

Return on investment + 

Perceived risk 

(a) + = positive relationship with commercial success 
(b) = negative relationship with commercial success 

Observability is the degree of visibility a product provides to the consumer. 

The more a consumer can see a product, the more likely he is to consider adop

tion of the product. 

The other characteristics of an innovation are mostly concerned with the 

costs and risks associated with the product. Costs include the initial (first) 

cost and the operating cost of the energy technology. Several kinds of risk 

can be associated with an energy investment and are listed below: 

• financial risk -Risk that the outcome will harm the consumer 

financially. Example: an expensive solar heating system that does 

not meet payback expectations. 

• performance risk - Risk that the product will not perform as 

expected. Example: A heat pump water heater which does not 

adequately heat enough water. 
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o physical risk -Risk that the product will physically harm the 

buyer. Example: asbestos insulation. 

• psychological risk -Risk that the product will lower the 

consumer•s self-image. Example: Driving a smaller automobile to 

conserve fuel. 

• social risk- Risk that friends or acquaintances will ridicule the 

consumer for making the purchase. Example: Purchasing an attic fan 

which detracts from the appearance of the home. 

• time risk - Risk that the purchasing decision will cost the consumer 

too much time. Example: Spending hours deciding upon which heat 

pump furnace to install. 

• opportunity loss - Risk that by taking one action, the consumer will 

miss out on an activity which he prefers. Example: Purchasing 

insulation immediately before a more efficient type of insulation is 

introduced to the market. 

The consumer will weigh the costs and risks to determine the feasibility of 

purchasing the innovation. 

To summarize, research has shown that the speed of adoption is positively 

related to the product•s high relative advantage to alternatives, high degree 

of compatibility, easy trial ability, and corrmuni cabi 1 ity, and negatively 

related to its complexity and its cost (Dickerson and Gentry 1983). It is 

important to understand that these characteristics are the perceptions of 

potential purchasers and users of the innovation and are thus not necessarily 

objective (Darley and Beniger 1981). 

Darley and Beniger (1981) studied energy innovations in terms of the above 

success characteristics. They suggest that since energy innovations are often 

costly, initial cost and estimated savings are important decision-making fac

tors. An informal payback analysis is often performed by the consumer to 

determine if the innovation is cost effective. This type of payback analysis 

will be discussed in Section 2.3 of this chapter. Value compatibility, which 

was previously discussed, is another characteristic of energy technologies 

which has had an impact on the adoption. A hypothetical example of this 
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concept follows: while most consumers express concern about the energy situa

tion and concur that conservation is necessary. Those consumers with strong 

opinions and beliefs in favor of conservation will initially adopt energy

efficient innovations such as heat pump furnaces and solar panels. Compatibil

ity with lifestyles and action patterns is also a consideration. Some energy 

innovations such as thermal curtains require specific actions on the part of 

the consumer in order to effectively conserve energy. If the curtains are not 

opened in the morning and drawn at night, they are not conserving energy or 

saving the consumer money. A final characteristic of energy innovations men

tioned by Darley and Beniger (1981) is the effort and skill involved required 

to properly install the innovation. This is very similar to the complexity 

characteristic of innovative products which was mentioned earlier. The more 

difficult a product is to install, the more complex it is perceived as being. 

2.1.3 Symbolism and Technology Dimensions 

Another dimension by which innovations can be examined differentiates 

between symbolic and technological innovations. A symbolic innovation is one 

which communicates a different social meaning than it previously did. An 

example may be to use a wood stove to conserve energy and resources rather than 

merely as a means of heating. On the other hand, a technological innovation 

has tangible features never before found in the product class. Figure 2.3 dem

onstrates how products may be classified according to these dimensions. For 

example, a wood stove is not a new technology, but does have a high degree of 

symbolic innovation because the reasons for using it have changed. On the 

other hand, a heat pump furnace does not have any real social meaning {symbolic 

innovation), but is a technical breakthrough. 

Technological innovations are likely to be discontinuous innovations. As 

such they are less likely than symbolic innovations to be compatible with con

sumers• backgrounds and experiences. Technological innovations are often 

complex and more difficult to understand than symbolic innovations. Because 

technological innovations are often expensive, they are less amenable to trial 

purchase than symbolic ones. Symbolic innovations tend to be more observable 

than those of the technological variety. For these reasons, it is assumed that 

symbolic innovations will be diffused through society at a faster rate than 
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FIGURE 2.3. Energy Investments Categorized by Symbolism/Technology Dimensions 

technological innovations (Dickerson and Gentry 1983). This diffusion may also 

be a function of the consumers• acceptance of the new social meaning associated 

with the innovation. 

It is possible that a perceptual map similar to the one in Figure 2.3 

could be developed for energy-conserving products. Some products such as wood 

stoves are not innovations in the technological dimens1on. However, the sym

bolism of using a wood stove to conserve energy and save natural resources is 

an innovative concept created by the relatively new trends of energy and 

resource conservation as well as by the rising cost of energy. Thus, the 
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purchase of a wood stove has a societal as well as a functional meaning. Other 

energy-conserving innovations such as heat pumps and solar panels are very 

technological in nature but are also symbolic innovations in that they stress 

energy conservation and efficiency. 

2.1.4 Effects of Social Networks on Diffusion 

There is no one standard method in which innovations diffuse through soci

ety. Darley and Beniger (1981) have identified two distinct types of diffusion 

processes: areal diffusion and network or hierarchial diffusion. Areal diffu

sion refers to the process of diffusion by means of spatial proximity or con

tact. In this process, spatially-near potential adopters learn of an innova

tion before more distant adopters. However, in network diffusion, geographical 

distances are not considered. Instead, the innovation is diffused through a 

network which may reach more distant adopters while skipping closer ones. One 

such network consists of interpersonal relationships or individuals linked by 

communication channels. 

There is evidence that the spread of energy-conserving household innova

tions is influenced more by the structure of social networks rather than by 

areal networks. Second stage innovators or early adopters are often friends, 

colleagues, and office mates of initial innovators rather than neighbors. The 

latter is attributed to the fact that neighbors in modern urbanized societies 

are not necessarily friends or even acquaintances. 

to predict the path that an energy innovation will 

Beniger 1981). 

Thus, it is often difficult 

take (Darley and 

Influential members or opinion leaders in the social networks are largely 

responsible for the adoption of some innovations and for the rejection of 

others. Opinion leaders learn of an innovation through mass media sources and 

then adopt it. Their reaction to the innovation is imitated by later adopters. 

Darley and Beniger (1981) refer to this phenomenon as "a two-step flow of com

munication." The nature of the diffusion system depends on the specific inno

vation being diffused. Some innovations such as heat pump water heaters are 

more likely to be discussed among males, while others such as thermal curtains 

are more likely to be discussed among females. More mundane energy investments 

such as additional insulation may not be discussed much at all among 
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acquaintances (Darley and Beniger 1981). Because of the broad range of possi

ble diffusion paths, it is necessary to examine both the social networks of the 

initial innovators and the specific characteristics of the innovation which may 

affect its diffusion. 

2.1.5 Summary and Implications 

Many of the technologies and ideas developed by OBCS are innovations to 

the end consumer of energy. Therefore, understanding the process by which 

these diffuse through society is important. Many factors which have been dis

cussed above play an important role in new technology diffusion. These include 

the characteristics of the innovation, the characteristics of the consumer, and 

the social networks of which the consumer is a member. The relationships of 

these three major factors should be examined to gain full insight into the best 

way to present an innovation to consumers. 

Examining these factors and their interrelationships is not easy because 

the number and variability of the factors makes it difficult to do more than 

make an educated guess concerning the reactions of a specific consumer. When 

examining an entire group of consumers, this problem is greatly magnified. How

ever, it is possible to predict the general trends which are likely to occur 

while a specific innovation is being diffused. Understanding these general 

trends, which may occur as a specific innovation is diffused, is helpful to 

OBCS in determining an appropriate target audience for its technologies. Once 

a target audience is chosen, OBCS and/or manufacturers of OBCS technologies can 

focus their marketing efforts on the most appropria:e group of potential con

sumers. Since only those segments of consumers likely to purchase the innova

tion will be addressed, costs for advertising are minimized. 

2.2 CONSUMER OECJSJON-MAKING FOR ENERGY-RELATED INVESTMENTS 

Consumers will vary in the ways they buy a particular product. Some con

sumers will spend a great deal of time seeking information and making compari

sons; others will buy a product on impulse without thoroughly examining the 

alternatives; yet others fall between these two extremes of purchasing behav

ior. A model of consumer decision-making has been developed which demonstrates 

the various stages through which a consumer passes when making a purchasing 
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FIGURE 2.4. A Model of Consumer Decision-Making 

decision. Not all consumers pass through each of these stages. A buyer making 

an impulse purchase may omit several stages and proceed directly to the pur· 

chase decision stage. The following figure illustrates a commonly used model 

of the consumer decision process. 

2.2.1 Problem Recognition 

The buying process starts with the consumer recognizing a problem or need. 

He sees a difference between the state in which he exists and the state in 

which he wishes to exist. An internal or external stimulus may trigger the 

need or desire in a consumer. An internal stimulus is an innate feeling such 

as hunger, thirst, heat, or cold. An external stimulus may be anything exter

nal to the consumer, such as an advertisement or a conversation with a friend, 

for example, a consumer may realize a need for a new form of heating his home 

if 1) the present system is not heating the house to a comfortable temperature 

{internal stimulus) or 2) his energy bills are too high (external stimulus). 

If a marketer can identify the particular need that would trigger a consumer•s 

interest in a product, he could use this to promote the product. 

2.2.2 Information Search 

Once the consumer has recognized a problem or need, he may or may not 

search for more information. This depends on the price of the object, the 

prior knowledge the consumer brings to the buying situation, the level of 

involvement the consumer has with the purchase, and the cost (time) of acquir

ing additional information. Low involvement purchases tend to be items which 

are routinely purchased and involve little search activity. A consumer will 

more likely spend time searching for information in a high involvement purchase 

situation. Assuming that the consumer does undertake an information search, 
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two levels of search behavior are apparent. The first is called heightened 

attention, and is a state in which the consumer is more attentive to informa

tion concerning the product. For example, if an individual is considering pur

chasing a heat puflll furnace for his home he may merely become more attentive to 

advertisements on television and in newspapers about heat pumps. The second 

level is an active information search where the consumer looks for reading 

material and other information concerning the product he is considering pur

chasing (Kotler 1984). The consumer who considers purchasing a heat pump 

might read product literature and consumer information guides, talk with neigh

bors and friends, and visit local distributors. 

There are several sources from which the consumer may gather information. 

These consumer information sources are grouped into four major categories as 

shown in Table 2.2. 

The relative influence of these information sources varies with the pro

duct categories and the buyer's characteristics. Generally, most of the mess

ages a consumer receives about a product are from commercial sources. However, 

the most effective sources tend to be personal in nature (Kotler 1984). 

As a result of gathering information, the consumer becomes acquainted with 

the alternatives available to him. His choice is successively narrowed down in 

the manner shown in Table 2.3. This figure uses brands of heat pump furnaces to 

illustrate the concept of the steps or sets in consumer decision-making. 

2.2.3 Evaluation of Alternatives 

Once a consumer gathers information, he begins to narrow down his alterna

tives as shown above. However, the question remains, how does the consumer 

TABLE 2.2. Consumer Information Sources 

Personal sources 

Commercial sources 
in-store displays 

Public sources 
organizations 

Experiential sources 

family, friends, neighbors, and acquaintances 

advertising, salespersons, packaging and 

mass media non-advertising and consumer rating 

handling, examining, and using the product 
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TABLE 2.3. Successive Sets in Consumer Decision-Making 

Total Set of Brands Trane, Coleman, Lennox, Nutone, York, General Electric, 
Heil, Rheem, Carrier, Intertherm, Janitol, etc. 

Awareness Set Brands of which the consumer is aware: Trane, York, 
Carrier, Coleman, Rheem, Lennox, General Electric. 

Consideration Set Brands which the consumer considers purchasing: Trane, 
Coleman, Lennox, and Rheem. 

Choice Set 

Decision 

Brands which have the necessary attributes to be 
purchased: Trane and Coleman. 

Brand the consumer decides to purchase: Coleman. 

choJse between brands of a product? There is not one simple evaluation proces~ 

used by a11 consumers or even by one consumer in all buying situations. Most 

current models of consumer evaluation processes are based on cognitive theory. 

In other words, it is believed that the consumer forms product judgments 

largely on a conscious and rational basis. 

Certain basic concepts help explain the way in which consumers evaluate 

alternatives. The first of these concepts deals with the specific attributes 

of the product. For example, a consumer interested in buying a heat pump fur

nace may be interested in its price, energy-efficiency, effectiveness, and/or 

convenience. The consumer will pay attention to those attributes which are 

related to his needs. The market for a product can be segmented according to 

the different perceived needs or expectations of different groups of consumers. 

A consumer is likely to associate different weights of importance to pro

duct attributes relevant to him. If the consumer has financial constraints, he 

may place more importance on the price of a product and less weight on other 

attributes such as quality, reliability, or convenience. 

Next the consumer may develop a set of brand beliefs about each brand and 

its relevant attributes. The set of beliefs about a particular brand is called 

the brand image. This image reflects consumers• perceptions of the brand and 

may not be based on fact. The consumer will then combine all available infor

mation concerning the product and form an opinion about the product 
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~lternatives by using an evaluative process. Many of these processes will 

he examined in the following sections of this chapter. 

2.2.4 The Purchase Decision 

Once the consumer evaluates the alternatives and forms preferences, he 

also forms ~ purchase intention or a plan to buy a particular brand. Two fac

tors are shown in Figure 2.5 may intervene between the purchase intention and 

the actual purchase decision. 

The first of these factors is that of attitudes of others. If a signifi

cant other person, such as a spouse or close friend, does not agree with the 

consumer 1s choice of a Coleman heat pump, he may be influenced to change his 

mind and choose another brand. The extent to which another person 1S attitude 

will alter a preferred choice depends on two things: 1) the intensity of the 

other 1S negative attitude toward the preferred alternative and 2) the con

sumer1s motivation to comply with the other person 1s wishes. The more intense 

the others person 1s negative feelings, and the more important the other person 

is to the consumer, the more the consumer will conform to the other 1s negative 

feelings and revise his purchase intentions. 

The second factor which influences purchase intention is that of unantici

pated situational variables. The consumer forms a purchase intention on the 

basis of certain factors such as expected family income, expected price of the 

branrl, and expected benefits fro~ the product. If an unanticipated factor 

occurs, such as the consumer losing his job or the price of a Coleman heat pump 

increasing dramatically, the purchase intention may be altered. 

Evaluation 

of 

Alternatives 

Purchase 

Intention 

Attitudes 

of Others 

Unanticipated 

Situational 

Factors 

Purchase 

Decision 

FIGURE 2.5. Steps Between Purchase Intention and Decision 
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Once a person has reached a purchase decision, there are actually five 

subdecisions which must be made concerning the purchase. The five subdecisions 

are as follows: 

• brand decision - which brand to purchase 

• vendor decision - which store to patronize 

• quantity decision - how many of the product to purchase 

• timing decision -when to make the purchase 

• payment-method decision - how to pay for the purchase. 

These decisions involve the brand, vendor, quantity, and timing of the purchase 

to be made. Another very important decision is the payment-method decision. 

The consumer must decide whether to purchase the product by cash or by credit. 

2.2.5 Post-Purchase Behavior 

After purchasing a product, the consumer will experience levels of satis

faction or dissatisfaction. This level is determined by how closely the pro

ducts performance compares with the consumer•s prior expectations. If the pro

duct matches or exceeds expectations. the consumer will be satisfied. However. 

if the product does not meet the expectations, the consumer will experience 

feelings of dissatisfaction. These feelings may be similar to cognitive dis

sonance which wi11 be discussed in more detail in Section 2.5.1. 

The consumer•s satisfaction or dissatisfaction with the product will 

influence his subsequent behavior. If the consumer is satisfied, there is a 

high probability that he will purchase the same product again. A satisfied 

customer will also relay to other consumers the positive qualities of the pro

duct. A dissatisfied customer may behave in several different ways depending 

on the level of dissatisfaction and his individual characteristics. The con

sumer may take public action such as complaining to the company or filing a 

lawsuit, a private action such as no longer buying the product. or no action at 

a 11. 
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Another activity of post-purchase behavior that interests marketers is 

what the consumer ultimately does with the product. It is possible that a con

sumer may discover a new use for the product which could then expand its mar

ket potential. 

2.2.6 Summary and Implicat1ons 

It is important to understand the decision-making processes of the resi

dential consumer of energy. By examining the stage of decision-making at which 

potential consumers of energy-related products appear to be, it is possible to 

make informed marketing strategy decisions. For example, if the majority of 

potential consumers of heat pump furnaces is just beginning to learn that a 

problem exists because their homes are not heated comfortably or their energy 

bills are too high, they need to be made aware of the benefits of a heat pump 

furnace. Once the consumer is aware of the benefits of a product, various 

methods of persuasion may be employed to induce the consumer to purchase it. 

However, it is critical to make the consumer aware of the benefits before 

attempting to persuade him to buy the product. Otherwise, a vital step in the 

decision-making process will have been neglected. This may result in confused 

consumers who are unlikely to purchase the advertised product. 

One of the aims of OBCS and DOE is to benefit the residential energy 

user. Therefore, it is important to understand the needs, wants, and prefer-

ences of this target market. One way in which to do this is to examine the 

consumers thought processes while making a purchasing decision. Further 

studies are warrented in order to more fully understand the specific decision

making processes of a consumer of energy-related technologies. 

2.3 ECONOMIC DISCOUNT RATES AND CONSUMER CHOICES 

One of the most widely advocated methods for evaluating energy-related 

durable good is life-cycle cost analysis. A durable good is defined as any 

product which is expected to produce a continuation of services or satisfaction 

(e.g., heat pumps, washing machines, and refrigerators). This analysis calcu

lates the costs and benefits of a durable good over its lifespan and discounts 

the product at a market rate of interest for the individual. The interest rate 
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that the individual places on the investment is often referred to as the dis

count rate, or the reduction in annual operating cost that is required to 

induce the consumer to invest one dollar. Therefore, a consumer who demands a 

high discount rate wants to be reimbursed for his investment faster than one 

who does not demand as high a rate. 

When evaluating new technologies in terms of market acceptance, it is 

important to understand what sort of payback schedule is expected by consumers. 

This section will discuss some of the different estimations of consumer dis

count rates and the diversity of findings from these studies. Reasons for 

high discount rates and the resulting low-acceptance of many new energy

efficient products will also be discussed. 

2.3.1 Importance of Discount Rates 

The discount rate is the most important component of life-cycle analysis. 

While some consumers require a SO% or greater return on investments others will 

completely reject such a return. Economists have relied on several factors to 

try and explain the investment decisions of individuals. 

2.3.2 Estimations of Discount Rates 

When estimating consumers 1 discount rates, many life cycle analysts have 

based their studies on the ind1vidual 1 s interest rate for borrowing or lending 

(Ruegg 1975; Sedmak and Zampelli 1979; Reid et al. 1977, Lunde 1982), and have 

failed to consider the imperfections and risks that the consumer faces or per

ceives when buying an energy related durable. Using the individua1 1
S accept

able interest rate assumes that this purchase is as secure and safe as invest

ing in a liquid, controllable and insured bank account (Chernoff 1983). Dif

ferent studies have concluded a wide range of individual discount rates for 

energy-related investments. Results of a 1979 study by Hausman found that 

individuals use a discount rate of about 20% for purchases of energy-efficient 

air conditioners. A study conducted by Houston in 1980 found a similar mean 

disccunt rate of 22.5% for investments in energy-saving devices. The only real 

conflict that Houston 1 s study had with Hausman 1 s study was the importance of 

income to the discount rate. Houston 1 s study concluded that, although income 

is an important variable in predicting whether an individual would consider the 
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investment analysis, it was not statistically significant in explaining the 

discount rate used by individuals. Hausman•s study, on the other hand, found 

that 1 ower income consumers use very high discount rates. 

Other studies show implicit discount rates are much higher than those 

shown by Houston and Hausman. In a study by Gately (1980) that compared the 

sales prices of energy-efficient and energy-inefficient refrigerators, esti

mated discount rates ranged from 45% to 300% (Chernoff 1980). Oak Rid,ge 

National Laboratory estimated discount rates that were typically 50% to 100% 

for energy-related durable goods, see Table 2.4. Discount rates far above 

market rates should be expected for energy-related durables for a number of 

reasons (Chernoff 1980). These reasons include: 

TABLE 2.4. Implicit Discount Rates for 1978 Purchases of Energy-Related 
Durables by Single-Family Homeowners 

Durable Discount Rate 

Furnaces 

Electric 54% 

Gas 40 

Oil 40 

Room Air Conditioner 48 

Central air conditioner 17 

Water Heater 

Electric 163 

Gas 457 

Oi 1 61 

Refrigerator 83 

Freezer 101 

Range/Oven - Electric 77 

Range/Oven - Gas 64 

Clothes Dryer - Electric 13 

Clothes Dryer - Gas 27 

Source: U.S. Department of Energy. 1982. 
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• illiquidity of consumer durables - Based on a given interest rate, 

investments in consumer durables are preferred less by consumers than 

liquid financial assets. In order to entice an individual to forego 

liquidity, a liquidity premium must be added to the discount rate. 

• risk premium- The market rate of interest assumed for life-cycle 

analysis is often based on a riskless rate such as the consumer's 

lending or borrowing rate. However, an investment in a consumer good 

carries a risk factor. This is especially true in the case of energy 

energy-saving products where the decision to purchase is based some

what on the consumer's belief in the manufacturer's savings, comfort 

and payback claims. These risk premiums should be added to the market 

rate of interest. 

• inefficiencies of capital markets -Capital markets in which indivi

duals function are not as efficient as generally assumed. In an 

efficient capital market, individuals would borrow to invest in eco

nomically attractive measures. When consumers are unwi 11 i ng to do so 

, a high discount rate is implied. A 1980 study of the willingness 

of New Jersey consumers to invest in energy conservation found that 

the most conrnon reason for not making improvements with rapid pay-

backs was "I don't have the money to invest right now! 11 
( New Jersey 

Department of Energy 1981). 

• possibility of rapid technological change - If consumers expect the 

prices of, for example heat pumps, to decline, or the efficiency of 

air-conditioning systems to increase, they may postpone their pur

chase rather than incur an economic penalty for not waiting for the 

new model. The possibility of rapid obsolescence or technological 

change will increase the discount rate. 

• energy prices - Energy prices have historically fluctuated widely 

from year to year, adding an uncertainty premium to the discount 

rate. 

• limited future enjoyment of the durable -While life-cycle 

analysts evaluate costs and benefits over the physical life of a 
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durable, individuals normally evaluate these benefits only for the 

period of time that they intend to own the durable. Market discount 

rates are higher for used versus new durables because they often have 

no warranty, unclear seller claims, and unknown repair history. 

Therefore, energy efficiency will not usually impact the sales price 

of a used durable such as a heat pump. In fact, for some products, 

energy efficiency is only the third or fourth most sought after char

acteristic. For example, with refrigerators, energy efficiency ranks 

behind initial price, size, and color (Davis and Perry 1982; McNeill 

and Wilkie 1979). Homeowners, on the average, move every five to 

seven years, so energy-related benefits 10 to 20 years in the future 

have little present value to the homeowner. 

• evaluation costs - A search cost is imposed on the buyer for the time 

and effort expended to obtain and evaluate the energy efficiency 

information that would otherwise be of little value. Also, there may 

be no economic basis for searching if the individual does not expect 

the energy savings to be worth the search cost or if the information 

is too difficult to obtain (Jacoby et al. 1976). 

2.3.3 The Importance of Short Payback Periods 

Consumers normally demand short payback periods for investments in energy

related products (Chernoff 1980). Some economists argue that consumers become 

confused and hesitant when monetary paybacks span many years, and that a longer 

time span makes it more difficult for them to choose rationally among invest

ment decisions (Houston 1983). 

In an extensive survey of home improvers questioned about passive home 

improvements, researchers concluded that "respondents expected passive solar 

features to pay for themselves in five or less years. Respondents who were 

more knowledgeable or aware of passive solar were more likely to consider a 

larger payback period acceptable than those with no knowledge of passive solar. 

Older respondents were less likely to consider even a three-year payback 

period acceptable {Market Facts Inc. 1981)." It is important to point out that 

respondents in this survey were not average homeowners, but prime solar buyers. 
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They were 30 to 55 years old, college-educated, with annual incomes above 

$20,000. Rapid payback is probably even more important in samples of all 

homeowners (Chernoff 1980). 

The necessity of a five year or less payback period was found in another 

survey in 1981 by Science Applications, Inc. San Diego homebuilders, lenders, 

and HVAC distributors were questioned about the buying criteria of upper income 

homeowners' for photovoltaic systems. Results concluded that a five year pay

back period would be necessary. There was no interest expressed in life cycle 

cost of the system by most homeowners. 

2.3.4 Investment Influence Factors 

One 1980 study {Houston 1983) examined the factors that influence a home

owner's decision to invest in an untried energy-saving durable. A mail survey 

was used to ask homeowners what the minimum annual cost reduction on a long

life energy investment would need to be {given an initial purchase and 

installation price) in order for them to invest. 

Homeowners were also able to respond with a "don't know or uncertain 11 

answer. Those who were unable to conceptualize an investment problem normally 

answered 11 don't know or uncertain ... Compared to homeowners who did answer the 

investment question, these respondents were characterized by lower income, 

larger families. smaller homes, less experience with energy-conserving activi

ties, and fewer intentions to engage in energy conserving-activities. 

Consumers who could conceptualize an investment problem {those that gave 

an answer other than 11 don't know or uncertain") were influenced by factors 

related to cost and value of the investment. These consumers generally assumed 

costs beyond those stated in the survey question and consistently integrated 

these added costs into their investment decisions. In the Houston study this 

was reflected by lower discount rates for those who expected lower costs or 

greater value for their investment {Houston 1983). 

Internal Factors Affecting the Discount Rate 

Factors which are both internal and external to the consumer may affect 

the size of the discount rate which is acceptable. The rate of acceptance of 

an untried durable good is increased by factors that decrease the discount 
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rate. Houston•s study states that important variables internal to the consumer 

and which aid in explaining the discount rate are 1} prior experience with 

energy-saving activities~ 2} intentions to engage in energy-saving activities~ 

3} number of family members~ 4) household square fOotage~ and 5} age 

of residence. 

External Factors Affecting the Discount Rate 

While some studies have outlined the characteristics of consumers most 

likely to invest in energy-efficient products, other studies have looked to 

external factors for the residential sector•s underinvestment in energy conser

vation. A 1984 study (Ruderman, Levine, and McMahon} outlined some earlier 

research that discussed several of these explanations which include: lack of 

access to capital markets, lack of information, purchase thresholds, indirect 

purchase decisions, decisions of manufacturers, and "gold-plating ... These 

explanations deserve further discussion. 

First, sufficient capital to acquire funds for energy-efficient products 

may not be available to purchasers. This problem is most prevalent in the pur

chase of more efficient furnaces and air-conditioners, where the incremental 

cost of more energy-efficient devices adds hundreds of dollars to the purchase 

price. Added to the uncertainty of the benefits of higher efficiency equip

ment, this extra cost may be seen as too great, resulting in the purchase of 

lower cost and lower efficiency equipment. Even when the consumer realizes the 

short payback periods of energy-efficient units, he may not be able to afford 

the added cost. This is especially true in cases where a purchase needs to be 

made in the short term, for example if a furnace system fails and the homeowner 

does not have the time or funds to contemplate purchasing a more energy

efficient (and expensive} unit. 

Purchasers often lack information about the costs and benefits of purchas

ing energy-efficient units or they may not understand how to use this if it is 

available to them. The Federal Trade Commission energy-labeling program of 

1980 may change the efficiency choice decisions in the future, although at the 

time of that study there was no evidence to demonstrate the effects of the 
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program. However, if consumers do not understand the information presented to 

them by the FTC, this information alone will have little impact on the purchase 

patterns of consumers. 

Small differences in price are not often perceived or acted upon by con

sumers, according to some theories of consumer behavior. Savings below some 

threshold may not be significant enough to warrant the consumer's additional 

effort. 

"Transaction costs" of obtaining a more efficient appliance relates to the 

purchaser threshold. The additional time and effort required to locate, pur

chase, and install the new high-efficiency model may be a barrier to a pur

chase, especially if the model is not routinely stocked by the dealer. These 

costs add to the purchase cost of the energy-efficient model. Volume pur

chasers such as builders would place a different importance on "transaction 

costs" than would an individual. Efficiency choice data segmented by class of 

consumer would be useful to determine the effect of purchaser threshold on 

market behavior. 

Indirect or forced purchase decisions, such as the purchase of rental 

property equipment by landlords, or the need to replace broken-down equipment, 

may be weakly motivated by energy conservation needs. Ruderman, levine, and 

McMahon (1984) estimate that as many as 50% of purchase decisions are made by 

consumers who are weakly motivated to invest in energy efficiency, and that 

approximately 37% may be insensitive to energy savings. Those who may be 

responsive to investments in energy-saving equipment make up less than 15% of 

the remaining consumers. 

In 1982, a more in-depth study of home owner buying patterns for central 

heating systems, refrigerators, water heaters, and room air conditioners was 

conducted (Ruderman, levine, and McMahon 1984). This study concluded that, 

compared with renters, home owners purchase more energy-efficient products. 

With the exception of room air conditioners, all products possessed by home 

owners had between 50% and 100% more energy-efficiency features than did those 

found in rental units. 
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According to this study {Ruderman, Levine, and McMahon 1984), manufac

turers make decisions to change products primarily based on cost. Although 

there is competition among manufacturers for existing models, there is little 

competition to introduce innovative design changes. Design changes normally 

result from attempts to reduce production costs rather than from attempts to 

improve product reliability resulting from the demand for more efficient pro

ducts. In fact, efficiency design changes in the market usually are brought 

about by an initial design change by one manufacturer that, once successful, 

results in efficiency changes by other manufacturers if their market share is 

threatened. 

Once decided, manufacturers may take up to two years to implement design 

changes. Although simple changes such as replacing an existing component with 

a more efficient one may take as little as six months, these changes may be 

only a small part of a much larger effort to upgrade an entire product line. 

Unless the manufacturer can predict changes in energy prices and other market 

conditions, the design change may not be an optimal one. Therefore, it would 

be helpful for OBCS to provide manufacturers with information concerning future 

energy prices and market conditions. 

At the time of this report, the most highly efficient models of many pro

ducts were not manufactured in large volume and energy-efficient models were 

difficult to obtain without purchasing a unit with numerous extra features. 

These extra features which may not be desired by the consumer, may add signifi

cantly to the purchase price of the "gold plated" unit. The issue of "gold 

plating" may not be as prevalent now that more energy-efficient products have 

appeared on the market, however this issue should be studied further to see the 

types of product options are currently available to consumers. 

2.3.5 Summary and Implications 

Implicit discount rates estimated for individuals are useful in explaining 

the factors that influence consumers' decisions regarding energy-related 

investments. As shown in this section, discount rates for energy-related dur

ables have been estimated to be anywhere from the market rate of interest to 

above 300%. 
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It is important to understand that consumers normally expect high returns 

and short payback periods on energy-related investments. Research has found 

that the amount and timeframe of these returns depend on demographic and psy

chographic characteristics of consumers and on the external factors discussed 

in this section. 

OBCS technologies must offer these high returns and short payback periods 

to be successful. Manufacturers will no doubt be interested in consumers• 

expected payback periods for OBCS technologies and other information from OBCS 

regarding consumer choices and investment criteria when determining whether or 

not to manufacture an OBCS technology. 

2.4 CONSUMER ATTITUDES AND ENERGY-RELATED INVESTMENTS 

Several studies have been conducted which attempt to link consumers• atti

tudes, knowledge, and beliefs to their energy-related behavior. The majority 

of these studies have been surveys which have produced little solid knowledge 

(Black, Stern, and Elworth 1985). However, this may be caused by the broad 

attitudinal questions asked in the surveys. It is difficult to correlate gen

eral attitudes with specific actions and intentions. Instead, specific atti

tudes concerning the individual's role within the energy situation should be 

examined (Olsen 1981). Attitudes concerning specific energy issues such as 

comfort, price, and actual adoption have been much better predictors of conser

vation behavior and energy consumption (Macey and Brown 1983). 

2.4.1 Fishbein 1 s Attitudinal Model 

According to Olsen {1981), general attitudes about energy and conservation 

are not directly related to energy investments. However, specific attitudes 

are related. A correlation between energy purchases such as heat pump furnaces 

and an individual's beliefs concerning the personal responsibility and personal 

consequences of an energy shortage has been demonstrated. 

Olsen uses Fishbein and Ajzen•s (1975) attitudinal model to illustrate 

these relationships. A diagram of this model follows: 
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(Olsen, 1981, p. 119) 

FIGURE 2.6. Fishbein's Model of Attitude Development 

Two variables predict a consumer's behavior. First, the consumer's attitude 

toward the action is determined by the perceived consequences of the action and 

the evaluation of those consequences. Second, the consumer's 11 Subjective norm 11 

concerning the action predicts behavior. This subjective norm consists of 

other's opinions of what the consumer should do in the given situation and the 

consumer's willingness to accept these opinions. The other individuals must be 

people who are important to the consumer. Changes in behavior are for the most 

part triggered by changes in intentions. Intentions are changed by altering 

attitudes, subjective norms, and their relative importance {Macey and 

Brown 1983). 

2.4.2 The Role of Past Experience 

At the time of Olsen's article, no studies had been conducted to determine 

the validity of applying the Fishbein model to energy purchases. However, a 

recent study by Macey and Brown (1983) attempts to use this model for the study 

of repetitive household energy conservation behavior. Repetitive conservation 

measures are those which must be repeated regularly to be effective such as 
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setting the thermostat back at night or changing the filter on a furnace. Any 

purchases necessary are usually inexpensive and are therefore equally available 

to high and low income households. To predict the success of repetitive mea

sures, Macey and Brown used another predictor of intention/behavior which they 

have labeled "past experience." They have modified Fishbein 1 s model as follows 

in Figure 2.7. 

Past experience consists of an individual 1 s prior actions and behaviors. 

Past experience often influences an individual 1
S intentions and subsequent 

actions. It is also possible for past experience to directly affect behavior 

without the mediation of intention (Macey and Brown 1983). An example of this 

is participating in an action which has been frequently performed in the past. 

Humans often act out of habit without forming concrete intentions every time 

the action they act. This is especially true with actions that are performed 

frequently. Macey and Brown found that previous experience was the best pre

dictor of repeated behaviors. The more an individual is familiar with the 

behavior through direct past experience, the greater the likelihood that he 

will engage in the behavior again. However, to compensate for the lack of past 

experience testimonials from credible sources provide consumers with appropri

ate information. The testimonials could be in the form of local success stor

ies. Also, programs could be established to induce or require the adoption of 

Attitudes 

Subjective Behavior 
Behavior 

Norm Intention 

Past 

Experience 

(Macey and Brown, 1983, p, 128) 

FIGURE 2.7. Attitude Model which Includes Past Experience 
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specific conservation actions (Macey and Brown 1983). An example of this type 

program is the awarding of tax credits to taxpayers who invest in energy

related home improvements. 

2.4.3 Other Attitudinal Factors 

Although few studies have dealt specifically with consumer attitudes and 

purchasing behavior of energy technologies, several studies have dealt with 

consumer attitudes and behavior towards conservation. According to Shippee 

(1980), several surveys have shown that a powerful predictor of the behavioral 

intention to conserve is a set of variables which reflects the respondents 1 

perception of who is responsible for the energy shortage. If the respondent 

perceived that his own energy consumption was wasteful and if he accepted 

responsibility for energy mismanagement, he would be more likely to express an 

intention to conserve energy in the future. 

Beck (1980) describes a survey of households in the Pittsburgh area which 

indicated four attitudinal variables related to energy conservation behavior. 

The first variable was termed "energy sophistication 11 and was defined as the 

amount of knowledge and understanding an individual has regarding the energy 

situation. More sophisticated respondents were much more likely to conserve 

energy. The results of the survey suggest that understanding the energy situa

tion heightens a sense of individual responsibility and thus increases conser

vation activities. Also more likely to conserve were those respondents who 

derived satisfaction from energy conservation, those who more concerned about 

the energy situation, and those who had experienced hardships because of energy 

shortages. A weak correlation was also demonstrated between an anti

materialism attitude and conservation behavior. 

Other studies examined by Shippee looked at predictor variables including 

the level of the respondents environmental concern, the immediate and future 

perceived effects of an energy shortage on the respondents, and demographic 

characteristics of those surveyed. However, since the behavioral intention to 

conserve was a self-reported measure, a question remains as to whether this 

would reflect actual energy consumption. For example, one study found that 

political liberalism correlated highly with self-reported levels of 
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environmental concern, which in turn related positively to self-reported energy 

usage (Shippee 1980). However, actual energy consumption levels were not 

examined. 

Two studies which examined actual energy use suggest that specific energy

related attitudes (such as the comfort, convenience, and health implications of 

decreasing heating or cooling levels) often mediate between more general 

energy-related attitudes (for example, belief in the seriousness of the energy 

crisis) and energy consumption (Black, Stern, and Elworth 1983). Consumers 

were shown to be more concerned with personal comfort, health and convenience 

than with the energy shortage as a national crisis. 

2.4.4 Summary and Implications 

Further Study is necessary to determine the effect of attitudes and 

beliefs on a consumer's energy-related investment decisions. Many of the 

studies mentioned previously in this section were conducted during the late 

1970s and early 1980s when the average United States consumer was more con

cerned about energy shortages and prices than he is today. Therefore, it is 

possible that a new set of consumer motivating attitudes is now developing. A 

survey of residential end users would be beneficial to determine specific atti

tudes which may be related to the use of innovative energy technologies. 

One point emphasized in all of the previous studies was that general 

energy and conservation attitudes do not seem to be related to energy invest

ments. Therefore, specific attitudes that are related to investment must be 

discovered. It may be possible to get a preliminary idea about these specific 

attitudes by conducting focus group interviews of residential energy consumers. 

These focus group discussions would give direction to future research projects 

concerning consumer attitudes and energy-related purchases. 

2.5 SELF-PERCEPTION THEORIES AND HEURISTICS 

Two fairly new areas in the study of consu~er behavior are self-perception 

and heuristics. Although quite different, both areas deal with factors that 

can alter a consumer's rational decision-making. 
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2.5.1 Self-Perception Theory 

One way in which a consumer may form attitudes and beliefs is to examine 

his behavior and determine why he is performing a certain action. For example, 

if an individual routinely turns the thermostat to 65° Fahrenheit on winter 

nights, he may decide that he performs this action because of his concern about 

the energy situation. This examination of personal behaviors and motives is 

called self-perception. Self-perception theory states that an individual forms 

ideas about himself based on his prior actions and behavior. It is possible to 

use self-perception theory to attempt to persuade consumers to invest in 

energy-related products. In general, a self-perception-based strategy of per

suasion is characterized by cues given to a person to use in forming beliefs 

about himself (Allen 1982). The following Jre four examples of self-perception 

persuasion strategies. 

Socially Conscious Consumption 

Theories of self-perception may be used to educate consumers as to the 

causes of their actions and thus encourage them to continue and expand specific 

actions and behaviors. One such behavior is "socially conscious consumption." 

The socially conscious consumer can be defined as "a consumer who takes into 

account the public consequences of his or her private consumption or attempts 

to use his or her purchasing power to bring about social change" 

(Webster 1975). 

One type of socially conscious consumer behavior has been termed "volun

tary simplicity." This is defined as "the degree to which an individual 

selects a lifestyle intended to maximize his direct control over daily activi

ties and to minimize his consumption and dependency" (Leonard-Barton 1981). 

This selection of a less complicated lifestyle must be voluntary for the behav

ior to be identified as voluntary simplicity. Therefore, if an individual 

reduces energy consumption only because of financial necessity, his behavior 

would not be categorized as voluntary simplicity. 

A study by Leonard-Barton examined the relationship between a lifestyle of 

voluntary simplicity and energy-conserving behaviors and investments. She used 

a voluntary simplicity index which consists of an 18-item scale. Questions on 
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the scale ask about behaviors such as bicycling to work, growing vegetables, 

and making furniture. Conclusions from a survey of California homeowners show 

that many voluntary simplicity behaviors are related to reduced energy consump

tion and an interest in at least one alternative energy technology 

(Leonard-Barton 1981). 

The concept of the socially conscious consumer is closely linked to that 

of perceived consumer effectiveness. Perceived consumer effectiveness is the 

extent to which one believes that his consumption is linked to and affects a 

societal problem (Allen 1982). In the case of energy investments, the societal 

problem is the conservation of energy and natural resources. The consumer 1
S 

perceptions will vary according to how he feels his actions will influence the 

energy situation. If he believes that his actions will ~ake little difference, 

he may not feel the need to invest in energy-efficient products. Thus, one way 

to encourage energy investments is to use self-perception influencing tech

niques that promote socially conscious consumption and that give the consumer a 

sense of contributing to the solution of the energy problem. 

Foot-in-the-door Technique 

The 11 foot-i n-the-door 11 technique of i nfl uenci ng consumers another method 

based on self-perception theory. By persuading the consumer to comply to a 

small request, this method helps him form an impression that he is the kind of 

person who performs certain types of actions. He is thus more likely to per

form similar actions in order to remain consistent with this self-perception. 

These new actions may be larger and more involved than the initial action 

(Mowen 1987). For example, during an energy audit, a consumer may be given or 

persuaded to purchase an inexpensive device which when attached to a shower 

nozzle reduces the amount of water used. After using this device for a while, 

he forms the perception that he is actively interested in conservation. As 

such, it may be easier to convince him that additional and larger energy 

investments are necessary for his conservation effort (Allen 1982). 

People are more committed to a cause that they have persuaded someone else 

to adopt. If a consumer talks to his neighbor about the benefits of weather

stripping, he will probably begin to think of himself as someone who is con

cerned about residential heat loss. People who are concerned about heat loss 
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tend to be interested in wall and ceiling insulation, storm windows, drapes, 

and air leaks (Yates and Aronson 1983). They may also be more interested in 

energy-efficient purchases, such as heat pump furnaces, which reduce heat loss. 

Howeve\, the effectiveness of the foot-in-the-door technique appears to be 

linked to personal contact with the consumer. This limits its practical value 

when attempting to reach mass markets (Allen 1982). 

Attribution/Message Labeling 

Another self-perception-based technique which may be more applicable in a 

commercial-media, impersonal-delivery context is "attribution or message label

ing." When using attribution or message labeling, a person is described by a 

specific trait as a means of affecting his belief formation. The individual•s 

past behavior is labeled and used as a cue for future behavior. For example, a 

television advertisement may congratulate the American public on their conser

vation efforts. Viewers of the advertisement may begin to evaluate their past 

behaviors and may come to the conclusion that indeed they have been energy

efficient. As such, they may be more easily persuaded to purchase additional 

energy-efficient products. 

Miller, Brickman, and Bolen (1975) demonstrated the superiority of attri

bution messages to the traditional persuasive approaches in altering students• 

littering behavior. In the attribution approach, the desired trait was deliv

ered to the students from the teachers by means of messages such as 11 0ur class 

is clean.'• Traditional persuasive messages may carry an implicit negative 

label and this may effect self-perception. If a student is told that he must 

not litter, it may imply that he has littered in the past. Therefore, he may 

continue with his perceived prior behavior. However, in the 1975 study, when 

the student was given a positive label, he tended to expand upon the positive 

behavior. It is possible that this approach could be used to promote energy 

conservation and investments. Positive labels such as "you are using our 

resources wisely 11 may improve a person•s self-perception and persuade him to 

act according to the label. People tend to behave confirming either positive 

or negative labels with their post-label behavior (Allen 1982). 
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There are two important factors that must be examined when dealing with 

attribution labels. First, determine if the label is inherently desirable or 

undesirable. An individual is more likely to accept a desirable label than an 

undesirable label. Second, determine the credibility of the label. Credibil

ity appears to be a function of the label's consistency with an individual's 

past behavior and self-perception. According to Allen (1982), energy conser\a

tion may represent a situation where persons are highly receptive to labeling 

influence. Prior behaviors, such as turning off lights and setting back ther

mostats, may be interpreted as conserving actions. It has been suggested that 

consumers are often unaware of the motives behind their actions until they are 

interpreted for them. Since energy conservation is a fairly new concept in the 

United States, this interpretation of actions may lead to self-perception 

development and more pronounced conservation activity. 

Labeling is an effective influencing strategy, but there is some question 

whether it can be used by the mass media. A study by Allen (1982) demon

strated little support to the concept that individuals were sensitive to posi

tive and negative labels presented in a mass appeal. While the findings were 

not strong, the pattern of effect was consistent. 

Cognitive Dissonance 

The final theory mentioned based on self-perception is Festinger's (1957) 

theory of "cognitive dissonance." Similar to other self-perception theories 

this one states that a person's behavior, attitudes, and definitions of himself 

are influenced by his actions and the situations surrou~ding him. If an indi

vidual simultaneously holds two beliefs that are inconsistent, he will experi

ence discomfort. The individual will then strive to reduce the inconsistency 

by altering one or both beliefs, or by adding a third belief which may increase 

consistency of the two original beliefs (Yates and Aronson 1983). In order for 

dissonance to occur, the person must have strong feelings about his behavior or 

beliefs and about the resulting consequences. Thus, if a person is not coerced 

into an activity but is willing to invest time or money in it, he tends to 

become a believer in the activity. The resulting action must be consistent 

with this belief in order to reduce the dissonance caused by inconsistent 

actions or beliefs. 
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It is possible to use this theory to promote energy conservation and 

investment. If an individual willingly joins a group involved in or concerned 

with the energy situation, he will become actively interested in conservation 

and will participate in conserving actions. As such, he will make a good tar

get for marketing energy-efficient appliances. Organizations such as the 

Sierra Club are ideal vehicles for disseminating information concerning energy

efficient investments. Members of these organizations will seriously consider 

the purchase of energy-saving technologies in order to remain consistent with 

their beliefs in conservation and in order to prevent the occurrence of 

cognitive dissonance. 

Self-perception theories may be useful in encouraging consumers to save 

energy and invest in new energy-saving technologies. It may be possible to use 

the three self-perception theories discussed above (socially conscious consump

tion, foot-in-the-door, attribution labeling, and cognitive dissonance) to 

influence consumer attitudes and beliefs towards energy awareness and 

conservation. 

2.5.2 Heuristics 

When a consumer is faced with a complex purchasing decision, such as an 

energy-related investment, there is a vast amount of information that he must 

process. Because of the limitations of an individual's processing capacity, 

the consumer will often take "short cuts 11 or "heuristics" in making a deci

sion. Rather than seek an optimal solution to his purchasing problems, the 

consumer will try to reach a decision which he considers satisfactory. This 

type of behavior is called "satisficing 11 and often results in the consumer 

using 11 Choice heuristiCS 11 or decision rules-of-thumb. This may occur without 

the consumer being aware that he is making a less-than-perfect decision. 

Integrating Complex Information 

A consumer must evaluate a great many factors to determine the cost effi

ciency of an energy investment. Individuals Jften have difficulty integrating 

complex quantitative information (Kahneman and Tversky 1979). Consumers may 

attempt to simplify this process by focusing on components of alternatives that 

are less quantitative in nature. For example, if buying additional insulation 
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for the home~ a consumer may buy a brand of insulation whose name he associates 

with quality rather calculate which brand would result in the greatest energy 

savings. 

Vividness and Personal Information 

It has been demonstrated that an individual tends to weigh information in 

proportion to its "vividness" or personal significance. Because statistical 

data summaries and impersonal informational sources are not as vivid as per

sonal communication or actual examples potential consumers do not give them as 

much attention. Vivid information may be less accurate and less representative 

than the statistical data, but it will still have more influence with the 

decision-maker (Yates and Aronson 1983). The following is a hypothetical 

example of this phenomenon. A consumer wishes to increase the energy effici

ency of his home and searches for information on which investments will best 

accomplish this. After reading several articles on energy investments, he 

decides to buy additional attic insulation. He mentions this decision to a 

friend who has recently installed a heat pump furnace. As the friend extols 

the virtues of his new heat pump, the consumer begins to change his mind about 

the attic insulation. Despite the fact that all the literature he has read 

recommends additional insulation as an initial energy investment~ he decides to 

purchase a heat pump. The information from his friend was more vivid and per

sonal and, as such, had greater influence in the purchase decision even though 

the other informational sources may have been based on quantitative information 

from a large sample of homes. 

Yates and Aronson (1983) cite a study showing that a vivid and personal 

sales presentation will more likely induce a consumer to buy than will a pre

sentation using statistical data. In order to influence potential consumers of 

energy-related products, it is important that information concerning energy 

investments be presented in a vivid and personal manner, as well as completely 

and accurately. Information can be presented as local success stories and as 

testimonials concerning energy and money savings. 
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The Framing of Information 

It has been suggested that consumers react differently to a situation 

depending on how information about the situation is presented or "framed." For 

example, an experiment conducted by Kahneman and Tversky {1979) demonstrated 

that an individual responds more seriously to a loss than to a gain. In other 

words, the amount of joy felt at winning a sum of money does not equal the con

sternation caused by losing the same amount. As a result, a consumers is more 

willing to risk to avoid or minimize a loss than to increase his fortune {Yates 

and Aronson 1983). Therefore, informational campaigns stressing the amount of 

money and energy that can be saved by investing in alternative energy sources 

and conservation devices are interpreted by the consumer as a "gain" or "win" 

situations. If the same campaign was framed in such a way to emphasize how 

residents are losing money by not making energy investments, it could be more 

effective. The consumer may not go out of his way to save money, but he is 

apparently willing to act to avoid losses. The Canadian government uses this 

strategy in one of its advertisements stressing adding insulation to resi

dences. In the advertisement a woman states, 11 After insulating, I saved 178 

gallons of oil. Better that the money be in my pocket than in the oil com

pany1S11 {Stern and Aronson 1984). This advertisement stresses the importance 

of preventing the loss of personal funds rather than the saving of money. 

Trend Extrapolation 

A recent study by Mowen and Fabes (1986) defines a consumer heuristic 

which termed 11 trend extrapolation." This trend hypothesis states that when 

forecasting the price of energy, decision makers may use a simplifying heuris

tic which based on an extrapolation of the trend in the data series occurring 

after the last turning point in the series. The result is a systematic over

weighting of the most recent information received. Since current energy prices 

have stabilized and in some cases even dropped, consumers base energy invest

ment decisions on that portion of the price trend. The experiment conducted by 

Mowen and Fabes found that consumers look at the most recent trends in energy 

price data when determining whether to buy a more efficient or less efficient 

furnace. Those presented with a recent upward trend in prices were more likely 

to choose the more efficient and more expensive model of furnace, while those 
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presented with a recent downward trend in prices were more likely to choose the 

less efficient and less expensive model. 

2.5.3 Surrnnary and Implications 

Both self-perception theories and heuristics provide valuable insight into 

the consumers' decision-making processes. They demonstrate that the consumer 

is not always a rational thinker who makes optimal purchasing decisions. He 

often resorts to satisficing behaviors which result in less-than-perfect energy 

investments. Determining how the consumer makes a satisfactory choice will 

enable OBCS to better understand the residential energy user, and in turn, be 

better able to meet his needs. The study of self-perception and heuristics are 

both relatively new to the field of consumer behavior. Therefore, learning how 

these processes are involved with the decision to purchase an energy-related 

innovation is potentially valuable. Only a few of the possible self-perception 

theories and consumer choice heuristics have been outlined in this section. 

Other consumer decision-making shortcuts do exist and merely need to be 

discovered and put into an energy investment context. 

2.6 BARRIERS TO ENERGY EFFICIENCY ANO INVESTMENT 

The above models and theories deal with the residential consumer's 

decision-making processes while investing in energy technologies. However. the 

individual resident does not always have the freedom to choose energy-efficient 

products. Many factors prevent the residential consumer from having total con

trol over energy-related purchases. These factors include the residential 

intermediate markets, the manufacturers of energy-related products, the finan

cial situation of the potential consumer, and various other factors beyond the 

consumer's direct cant ro 1. 

2.6.1 The Role of Intermediaries 

The consumer's choice is limited by various intermediaries. Intermedi

aries can be defined as "individuals or organizations that effectively make 

choices for energy users but whose interests may not coincide with those of the 
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people or organizations that pay for energy,. (Stern and Aronson 1984). Archi

tects, builders, contractors, and building owners are all examples of 

intermediaries. 

Some intermediaries actually make purchases for the residential consumer. 

Builders and building owners select heating and cooling equipment and built-in 

appliances for some new homes and rental units. Other intermediaries limit the 

consumer's choice indirectly. For example, owners of rental buildings make it 

difficult for occupants who pay for heat to lower their heating bills because 

those occupants are not likely to make major improvements to property they do 

not own. (The role of intermediaries will be discussed in greater detail in 

Chapter 4.) 

2.6.2 Manufacturers of Energy Technologies 

Energy users are also limited by the assortment of energy-related products 

from which they can choose. Lack of consumer interest can guarantee the fail

ure of a product; but even if interest exists, there is no guarantee that a new 

product will be manufactured. Manufacturers do not necessarily profit from 

marketing energy-efficient products. Energy-saving products are usually more 

costly to produce because of the extra materials needed to provide insulation 

and to make more efficient motors. Although some consumers would purchase 

these products despite the higher initial cost, the majority of consumers may 

prefer a less expensive, less efficient appliance. The manufacturer would have 

to invest in an expensive advertising campaign in order to educate the public 

as to the advantages of the more efficient model. Many manufacturers would 

rather not have to incur this additional expense. (The decision-making pro

cesses of manufacturers will be more thoroughly discussed in Chapter 3.) 

2.6.3 Limited Capital of Consumers 

Another barrier of individual consumer's choice of energy-related products 

is the limited access to capital. Often consumers do not have the necessary 

capital to purchase an energy-saving product, even though it could save them 

money in the long run. This is a barrier particularly for low-income house

holds who could most benefit from an investment in energy-efficient products. 

Because low-income consumers tend to reside in old and energy-inefficient 
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housing, the proportion of household income they spend for energy is relatively 

high. A 1982 study showed that the poorest households spend about 25% of their 

income on energy consumption for home use, excluding transportation, while the 

richest households spend only about 2% (Stern and Aronson 1984). 

The ability to make capital investments, either from saved or borrowed 

funds, is not only limited by a consumer 1 s income and assets but also by poli

cies of the government and lending institutions. Some utilities sponsor low

interest or interest-free loan programs for energy-related home improvements 

such as weatherization. However, these programs have had limited success and 

have not reached all segments of the population, especially the low-income 

energy consumer. Even those programs directed at the lower income energy con

sumer have had less than satisfactory responses. This may happen partially 

because different groups of energy users respond differently to increasing 

energy prices. The more affluent energy user will make the needed investments 

in more efficient products with little sacrifice to comfort. The less affluent 

are often not able to invest in new technologies and thus often respond to 

raising prices with curtailments. Examples of curtailments include the lower

ing of the thermostat in winter and the raising of the thermostat in the 

summer. 

2.6.4 The Invisibility of Energy 

Because of the way energy-using technologies operate, energy users often 

find it difficult to take effective action when rising prices provide a strong 

economic motive to save energy. According to Stern and Aronson (1984), pro

gress over the last century has made energy sources less costly and energy 

flows invisible to energy consumers. When homes were heated primarily by wood 

stoves, the person who owned the home was usually the one who had to chop, 

stack, and load the wood. Thus, the consumer of energy was very aware of the 

amount of fuel necessary. However, in most cases fuel transfer is now effort

less and invisible. The individual consumer of energy cannot see the amount of 

fuel being used. The only visible or tangible measurement of energy use for 

most households 1s the utility bill. 

However, energy bills are received infrequently and often have other fig

ures beside energy usage included in them. One classic example by Kempton and 
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Montgomery (1982) asks people to imagine a parallel situation for grocery bills 

in "a store without prices on individual items, which presented only one total 

bill at the register. In such a store, the shopper would have to estimate item 

price by weight or packaging, or by experimenting with different purchasing 

patterns." The energy bill combines charges for appliances, lighting, water 

heating, and temperature control. It is virtually impossible to determine how 

much of the bill results from each use or how much the bill can be decreased by 

changing specific consumption practices. It has been demonstrated that many 

energy users are ill-informed under this billing system. Many people cannot 

accurately rank the energy consumption of various household appliances (Becker, 

Seligman and Darley 1979). 

Some of the inaccuracies ocCur because of the high visibility of certain 

appliances. When energy use is observable, people think that more energy is 

being used. For example, many people overestimate the energy consumed by 

household lighting, but underestimate the larger amount of energy used by water 

heaters. Lights are highly visible and consumer awareness is reinforced when 

lights are turned on and off. On the other hand, the heavy energy consumption 

of the water heater takes place out of sight and without human intervention. 

Therefore, the tendency is to underestimate energy use. 

Energy invisibility also makes it difficult for an energy user to conserve 

energy by trial and error. It is difficult to observe the results and to 

obtain feedback from attempts to conserve energy. The effects of purchasing an 

energy-related product to aid conservation will not be immediately apparent. 

The consumer must wait to receive an energy bill, and even then unforeseen 

forces, such as changes in weather, may be reflected in the bill rather than 

the installation of the product. For example, a homeowner may purchase a heat 

pump furnace just before a severe cold spell. The next energy bill may be 

higher than the previous bill because of the weather, not the heat pump instal

lation. Even if a homeowner is careful enough to make year-to-year compari

sons, chan~es in fuel prices and weather will confuse the issue. Under these 

circumstances, individuals who make energy investments are disappointed with 
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the results of their attempts to save energy. This disappointment frequently 

leads to discouragement and a feeling of futility that make future actions less 

likely (Stern and Aronson 1985). 

According to Stern and Aronson, this trend in energy invisibility will not 

be easily reversed. Freedom from concern about energy has produced structural 

changes in energy-consuming equipment. Central cooling and heating systems 

allow people to move freely from one room to another without thinking about 

energy. However, when homeowners wish to conserve energy, they may not have 

the option to close off unused rooms while retaining comfort in a smaller 

space. Architects have begun to design apartment buildings with windows that 

cannot be opened. Thus, residents in these buildings are not able to save 

energy by using natural ventilation. Because of such changes in the naticnal 

stock of energy-using equipment, no amount of energy awareness can easily 

reverse the years of energy invisibility. 

2.6.5 Additional Barriers to Energy Efficiency 

Two separate studies by Blumstein et al. (1980) and Crossley (1983) have 

identified several categories of barriers to energy efficiency and invest

ment. Some of these categories have been mentioned previously. However, 

several additional barriers were also identified. The categories of barriers 

include: 

• misplaced incentives - The economic benefits of energy conservation 

do not always accrue to the individual who is trying to conserve. 

For example, if an apartment tenant pays for the utilities, the owner 

of the building has little incentive to invest in energy-efficient 

technologies. And if the landlord pays the bill, the tenant has 

little incentive to use energy efficiently {Blumstein et al. 1980). 

• lack of information or misinformation - If a consumer is unaware of 

the cost effectiveness of a conservation measure, he is un 1 ike ly to 

adopt it. Also, ~f the consumer is given misinformation about a pro

duct, he might be disillusioned which in turn could prevent future 

purchases. For example, if a heat pump furnace distributor told a 

homeowner that a heat pump furnace would effectively heat his home 
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and the furnace failed to the job adequately, it is less likely that 

the homeowner would purchase other technologies designed to save 

energy and money (Blumstein et al. 1980). 

• regulation - If a cost-effective measure conflicts with existing 

codes or standards, its implementation will be difficult or impos

sible. Building codes and local regulations may prevent the arch

itect or builder from including all of the desired energy-efficient 

technologies in a particular building {Blumstein et al. 1980). 

• custom- If a cost-effective conservation measure requires an 

alteration in the habits or behavior of the consumer or seems can-

t ra ry to accepted va 1 ues, The adoption of this measure may be di ffi

cult. Consumers do not usually like to alter their behavior to 

accommodate a new product unless there is an obvious advantage to it 

(Blumstein, et al. 1980). 

• barriers arising out of living situations -This category is divided 

into three distinct areas. 'The first is the personal living situa

tion of the consumer which includes biological and physiological 

needs. Elderly consumers may need the temperature setting to be 

higher than younger consumers. The second area is the social living 

environment which includes such variables as stage in the family life 

cycle, the degree of personal control over energy use, and the life

styles of the consumer and other occupants of the dwelling. The last 

area deals with the consumer's physical living situatior and involves 

the physical layout, location, age, and condition of the dwelling. 

Both of these latter categories can affect the use of energy within a 

residence and create barriers to energy conservation (Crossley 1983). 

• barriers arising out of personal predisposition -These are barriers 

to energy efficiency that arise from the attitudes, beliefs, and past 

experiences of the consumers. If a consumer is predisposed to act in 

a way which is not energy efficient, it will be difficult to change 

his behavior (Crossley 1983). 
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• barriers arising out of social costs. Examples of social costs 

are inconvenience, impracticality, lack of safety, discomfort, and 

ugliness. An energy technology including any of the above charac

teristics will be less acceptable to consumers than one without them 

(Crossley 1983). 

2.6.6 Strategies for Overcoming Barriers 

The study by Blumstein et al. (1980) outlines a series of strategies which 

the government may undertake in order to help remove or lessen the impact of 

some of the more serious barriers to energy efficiency and investment. These 

strategies are divided into the following six categories: 

• informing - This strategy helps overcome the barrier of inadequate 

and incorrect information. The government can provide new informa

tion by sponsoring research in the area of energy conservation. The 

government can also facilitate the flow of existing information by 

supporting libraries and indexing services. Information can be com

municated directly to the consumer by providing educational programs 

and mass media promotional campaigns. 

• leading - The government can lead in the attempt to encourage energy

conserving behavior by leadership. For example, the President turns 

down the White House thermostat and begins wearing a sweater. The 

President is considered an opinion leader by millions of Americans 

and as such would be widely imitated. In addition, persuasive mes

sages such as the government's "Don't Be Fuelish" advertising cam

paign may also be effective in reducing energy consumption. 

• market-making - Government actions can create markets for energy

conserving products or services. One of the most effective ways to 

accomplish this is through governmental purchasing policies. The 

government's buying power is so large that merely indicating a desire 

to purchase a product may create a market. The government can also 

create markets in the roles of entrepreneur and financier by devel

oping and financing of energy conservation projects. 
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• rule-making - The government can make rules and laws that apply to 

commercial transactions such as what is sold and who is permitted to 

buy or sell. For example, rules can require that all residential 

property be insulated before it is rented or sold. Rules can also be 

used to support other strategies. For example, rules can require 

that a landlord inform prospective tenants if their apartments are 

adequately insulated. 

• pricing -Government policies can influence the incentive to consume 

or conserve by changing the net price of energy. This is possible 

since a significant part of the nation•s electricity is marketed by 

governmental agencies. The government can also regulate prices by 

taxing energy usage, for example, the gasoline tax. 

• rationing - In principle, the government can use rationing to con

serve scarce resources by limiting consumption to a predetermined 

amount. However, rationing is usually established to allocate scarce 

commodities during difficult times such as wartime •. Rationing is 

usually used as a last resort when other options have failed to 

reduce consumption. 

2.6.7 Summary and Implications 

Several barriers to energy efficiency and investment are discussed in Sec

tion 2.6. It is critical that OBCS be aware of the potential barriers in the 

distribution of ideas and new technologies to the residential energy consumer. 

Better understanding of these barriers will enable OBCS to use the above 

strategies and other appropriate strategies to overcome or at least minimize 

the impact of more serious barriers which consumers face when considering 

investing in an energy-related product. 

A national survey of residential energy users is recommended to enable 

OBCS to determine which barriers are most critical in determining the behaviors 

of energy consumers. Once these have been identified, it will be easier for 

OBCS to develop the strategies necessary to combat them. 
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2.7 CONCLUSIONS AND RECOMMENDATIONS 

2.7.1 A Framework of Consumer Behavior 

The components of consumer behavior examined in this chapter can be com

bined into a comprehensive framework which will assist OBCS in examining the 

decision-making processes of potential purchasers of its innovative energy

related products. Figure 2.8 shows the relationships of many of these 

components. 

Characteristics of the innovations~ demographics of consumers and the 

attitudes of consumers all play an important role in influencing the consumers 1 

decision-making processes. Innovative product characteristics include relative 

advantage, trialability, complexity, compatibility, observability and various 

types of risk and costs. These concepts were discussed in more detail in 

Section 2.1. 

Consumer demographics consist of variables such as age, income, education, 

occupation, life-cycle stage, and geographic location. Another demographic 

variable closely related to energy investments is home ownership. Tenants who 

do not own their residences are not likely to invest in an energy-efficient 

product because the purchase will only improve the landlord's property. If the 

tenant plans to reside in the rental property for a lengthy period of time, he 

may decide to make an investment to reduce energy consumption. Other demogra

phic factors and their relationships with the purchase of energy-related 

products were discussed more fully in Section 2.1. 

Demographics such as age, income, education, and occupation are influen

tial in formatting consumer attitudes concerning energy conservation. The more 

specific the attitude, the greater the effect the attitude seems to have on the 

purchasing intentions of the consumer. Attitudes towards a behavior are based 

on the perceived consequences of the action and the subjective norm concerning 

the action. These concepts were discussed in more detail in Section 2.4. 

Choice heuristics and self-perceptions influence decision-making that is 

internal to the consumer. A consumer will use a variety of choice heuristics 

to simplify a complex decision. Heuristics are decision shortcuts which often 

result in less-than-optimal alternatives for the consumer. The consumer faced 
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FIGURE 2.8. A Comprehensive Framework of Consumer Behavior 
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with a difficult decision, such as the purchase of a heat pump furnace, may 

settle for a satisfactory solution to his purchasing dilemma rather than spend 

much time and money carrying out an exhaustive search for the best product. 

Self-perceptions are the consumer's interpretations of his own actions. Self

perceptions can be used as cues to develop a consumer's attitudes which in turn 

can influence his purchasing inter.tions. Studies involving consumer heuristics 

and self-perceptions are relatively new to consumer research. Therefore, addi

tional research is needed. These topics were more closely examined in 

Section 2.5. 

The residential energy user may follow a classic decision-making process 

when choosing an energy-related technology. This process involves the 

decision-making stages of: problem re~ognition, information search, evaluation 

of alternatives, adoption of the product, and post-purchase evaluation. A con

sumer does not necessarily experience all stages of this process. Stages may 

be omitted in cases such as impulse or habitual purchasing. The decision

making process was more fully discussed in Section 2.3. 

After a consumer purchases a product, OBCS should also pay attention to 

his post-purchase behavior. The degree of consumer satisfaction can have a 

significant impact on subsequent behavior. A dissatisfied consumer may return 

the product, complain to the manufacturer, or spread negative word-of-mouth 

information about the product's performance. Thus. it is important to be aware 

of consumer actions after the sale of a product. Barriers to energy-related 

investments exist at several stages of the adoption process. The product may 

have attributes that reduce the possibility of commercial success. For exam

ple, a very complex product may overwhelm consumers. The demographics and 

attitudes of consumers may also present barriers to purchasing. A consumer 

with little education may not understand the advantages of energy-efficient 

appliances, or the consumer may have formed the attitude that none of his con

servation actions will save energy or money. Barriers may exist in terms of 

the choice heuristics utilized in making a purchase decision. Some decision

making shortcuts result in the consumer making less-than-optimal choices. If 

OBCS technology is eliminated from the consumers' evoked set, there is little 

possibility of it being purchased. A consumer's self-perceptions may also 
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present a barrier to the adoption of OBCS technologies and ideas. Self

perceptions influence attitudes which in turn influence purchasing intentions. 

Finally, barriers are present in most stages of the decision-making process. A 

consumer may not realize that a problem exists or may be unable to find infor

mation about OBCS technologies when searching for product information. 

It is important that OBCS take measures to attempt to overcome some of 

these barriers. They can do this by implementing the strategies suggested in 

Section 2.6. 

2.7.2 Gaps in Current Knowledge 

Whereas much research has been done using traditional economic models of 

consumer decision-making toward energy investments, relatively little attention 

has been paid to the behavior of consumers of energy-related products. Because 

of this deficiency in the literature, there are several aspects of consumer 

behavior research which could be applied to energy-related purchases. One area 

which needs further investigation is the diffusion of energy-related innova

tions through society. How is information about new energy technologies dis

seminated to the end consumer? Understanding how consumers learn about conser

vation programs and new energy-related technologies and ideas would enable OBCS 

to use these same channels for providing consumers with information concerning 

technologies developed by OBCS. If the channels that consumers currently use 

do not seem to be effective, OBCS can experiment with alternative media. More 

research is needed in the area of economics of information, or the amount of 

information necessary for a consumer to make an informed choice without 

suffering from information overload. 

Many studies have been conducted to investigate consumers' decision-making 

processes. However, more information is needed about specific decision cri

teria are used by different consumer segments when considering an energy

related purchase. Before this can be done, it is necessary to discover a means 

to divide residential energy consumers into distinct segments. This division 

could be on the basis of demographic or psychographic (or both) characteris

tics. An example of need for end consumer market segmentation was included in 

a study by Olsen (1981) which revealed that a "money-saving" approach to energy 

conservation and investment did not reach all segments of the population. One 
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segment particularly ambivalent in regard to this message was the affluent 

American who led an energy intensive lifestyle, but who did not perceive the 

economic rewards of an energy investment as substantial enough. Appeals other 

than economic would have to be directed to this affluent consumer market. 

Little is known about the specific attitudes that affect a consumer's buy

ing behavior toward new energy technologies. Because attitudes may be directly 

related to purchase intention, better understanding of how specific consumer 

attitudes are necessary to determine influencer of intentions to buy an energy

efficient product. It would also be advisable for OBCS to better understand 

the causes of these attitudes which delve into the area of self-perception and 

attitude development. These have only been cursorily examined in the energy 

investment context. 

Another area needing further study is consumer choice heuristics when mak

ing an energy-related purchase. While several possible varieties of choice 

heuristics have been suggested in Section 2.5, no concrete empirical evidence 

supports these theories. 

It is true that the behavioral aspects of energy-related consumption are 

important in understanding the actions of the consumer. However, the economic 

issues of prices, payback periods, and discount rates must not be ignored. 

Understanding the economic criteria necessary for a consumer to consider an 

energy investment would give OBCS insight which could be used for pricing 

strategies. 

It is imperative that OBCS integrate economic and psychological conceptu

alizations to develop a comprehensive framework of consumer energy-related buy

ing behavior. Specific recommendations for future research that would attempt 

to fill in some of the current gaps in the literature can be found in 

Chapter 5. 
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3.0 M~NUF~CTURERS 

Before an energy-related technology/process developed by OBCS can be 

available to residential consumers, it must first be adopted, further devel

oped, and eventually marketed to residential consumers by manufacturers who are 

familiar with the marketplace. For this reason OBCS needs to attract ind1Jstry 

support for new technologies. Industry support may come in some form of joint 

industry/government venture, or manufacturer(s) may completely take over the 

research efforts. However, industry support for a new technology does not 

occur automatically and often does not occur at all. Why do innovative and new 

technologies that find ardent support in the laboratory not find the same 

acceptance and enthusiasm when introduced to industry? This question deserves 

exploration. 

A technology's path from laboratory to industry, and later from industry 

to the end consumer, is a complicated one. There are certain expectations of 

the technology that must be met at each step to gain acceptance, and these 

expectations are rarely the same. Successful market acceptance and penetration 

of new products and processes depends on a manufacturer's clear understanding 

of consumer needs and desires. This same understanding must also be clear to 

government organizations attempting to find industry {the government's inter

mediate consumer) support of new technologies. 

Reasons for a company's innovation history and potential for innovation 

can be considered functions of its internal and external corporate environment. 

Factors affecting these environments are numerous. The external corporate 

environment includes socia1, political, and economic factors as well as the 

state of technological development. Although the external factors affecting 

the corporate environment are straightforward, and it is easy to obtain infor

mation about them, the internal factors affecting a firm are quite complex. 

This chapter will focus on internal factors affecting innovation and technology 

adoption. The following sections will discuss patterns of corporate innova

tion, technology diffusion, decision-making processes in new product/technology 
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adoption and selection criteria, corporate innovation strategies, motivators to 

the adoption of new technologies, and barriers that may impede technology 

adoption. 

3.1 CORPORATE INNOVATION PATTERNS 

There is great potential for corporate involvement in government research 

activities. According to the National Science Foundation, company-funded R&D 

expenditures were expected to reach $58 billion in 1986. This is a 9% increase 

over 1985 and is based on information obtained from 74 corporate R&D officials 

questioned in the spring of 1985 {Research Management 1986). This number com

pares with a 12% growth in current dollars in 1985. Between 1974 and 1985, the 

average (constant) annual percentage increase in R&D dollars was 5.3%; corpor

ate officials predict a slightly higher increase of 5.9% for the period 1984 to 

1986 (Research Management 1986). 

A survey of companies who are members of the Industrial Research Institute 

revealed that 75% of the member companies responding to the survey expect to 

spend the same or slightly more on R&D in 1986 than in previous years. In 

1985, 20% of the respondents stated that they expected a significant increase 

in expenditures, while in 1986 only 5% of the companies expected such an 

increase. The emphasis on R&D to produce new business opportunities is 

expected to continue, despite a stabilization in the areas of basic research 

and support of existing business. These corporate R&D programs offer an 

excellent opportunity for OBCS to develop shared development arrangements for 

new technologies. Such arrangements will help promote market penetration of 

OBCS technologies. 

R&D departments funded by a firm have traditionally been considered the 

primary means for developing new ideas and technologies. Diversification into 

radically new market areas, however, was normally not the responsibility of the 

R&D department {Klavans, Shanley and Evan 1985). This sort of diversification 

was most often undertaken by a separate new venture unit set up for that speci

fic purpose. One 1985 study found that the number of new ventures was 

inversely related to R&D expenditures, suggesting that R&D departments are most 

often devoted to the marginal expansion of existing products versus the 
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development of new and innovative products (Klavans, Shanley and Evan 1985). 

These findings question the use of R&D expenditures as a measure of corporate 

innovativeness and are not consistent with Kamien and Schwartz's (1982) con

tentions that R&D expenditures are positively related to the 

invention/innovation process. 

Companies sometimes organize for new product development and innovation by 

establishing joint ventures, mergers, and/or licensing of technology (Mendell 

and Ennis 1985). The U.S. space program in the 1970s is a prime example of a 

government/industry collaboration that produced substantial results for both 

participants. The collaboration succeeded in establishing a U.S. presence in 

space as well in developing new products and technologies for industry. How

ever, this extensive cooperation between government and industry has not 

extended to other areas beyond the space program. Understanding the factors 

that contribute to successful government/industry partnerships, including 

reasons for innovation by companies, is a start in promoting this type of 

arrangement. 

3.1.1 Why Companies Innovate 

Market factors appear to be the primary influences on innovation according 

to a 1982 study of European companies. This study found that 60% to 80% of 

innovations have occurred in response to market needs or demand. The remainder 

of these innovations originated in response to new technological developments 

and opportunities (Research Management 1984}. According to Research Management 

(1984), "there is a striking similarity between the findings of studies in the 

U.S. and the United Kingdom." In a study conducted by the European Industrial 

Research Management Association in 1982, the four most important reasons (in 

descending order) for corporate innovation were to: 

• preserve and promote existing business, mainly to stay ahead of com

petition and increase market share 

• diversify into new yet not radically different m.rkets 

• respond to government, environmental, and safety pressures, 

especially in the chemical, pharmaceutical, materials, and energy 

industries 
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• efficient use of diminished resources, especially with regards to 

increasing energy costs by major users and suppliers 

Profit, of course, is usually the underlying goal of most business actions such 

as the investment in innovation. The stimuli for innovation found in the above 

study provide important guidance to understanding motivators to innovation by 

companies. However, these findings were based on a European study and are 

dated. A new survey of manufacturers could be conducted by OBCS to better 

understand the motivating factors behind corporate energy-related technology 

investments and innovation. 

Further research conducted by Abernathy and Utterback in 1982 shows that 

an organization•s capacity for and methods of innovation change during the 

stages of evolution from a small technology-based company to a high-volume 

producer of goods. Abernathy and Utterback (1982) developed a model that rela

tes patterns of innovation within an organization to the organization•s com

petitive strategy, production capabilities, and organizational capabilities. 

This study points out the important distinction between product innovation by a 

small, technology based organization and developments of new process equipment 

developed by a high-volume producer. For large, high-volume producers, cost 

reductions seem to be the major incentive for innovations. Major innovations 

in cost reductions are often followed by countless minor innovations that typi

cally result in increasingly specialized systems. These systems rely heavily 

on economies of scale and in production and development of mass markets. The 

reliance on high volume production to cover fixed costs often results 1n 

increasingly specialized processes that can leave the company inflexible and 

vulnerable to shifts in demand and technological obsolescence. 

Many new product innovations do not appear to be consistent with this 

environment because they would require major alterations in production facil

ities or reorientation of corporate goals. Thus, these innovations normally do 

not originate within the company. If those originating outside the business, 

for example by OBCS, attempt to alter the 11 Specific 11 production process of the 

firm, they wi 11 often be rejected. 11Major product changes are often introduced 

from outside the firm and are viewed as disruptive; the sources are typically 

the start-up of a new, small firm, invasion of markets by leading firms in 

3.4 



other industries, or government sponsorship of change either as an initial pur

chaser or through direct regulation" (Abernathy and Utterback 1982). The 

implication is that successful market penetration of new technologies might be 

initiated by businesses outside the most obvious industry, smaller technology

intensive firms, or by some sort of government regulation. 

3.1.2 Idea Sources 

Sources of ideas for innovations arise both within and outside the firm. 

The majority of these ideas originate from within the organization, usually 

from the R&D department or from a new venture unit (Research Management 1984). 

External sources of ideas include the scientific environment, competition, cus

tomers and suppliers, and government. A 1982 European study of innovation pat

terns found that government was a fairly unimportant source of ideas (Research 

Management 1984). Information concerning industry 1s perceptions of the gov

ernment as a source of ideas in the U.S. and, in particular, perceptions of 

DBCS would be useful. Information sources and media consulted by businesses 

for new ideas and technology developments would also be useful to OBCS. 

3.1.3 Surrnnary and Implications 

Great potential exists for private sector involvement in government 

research activities in the U.S. The success of the U.S. space program in the 

1970s proves that this type of arrangement can be extremely successful for both 

government and industry. 

Companies strive to innovate and develop new products for many reasons. 

The majority of new product innovations occur in response to market needs or 

demand. Other motivators to innovation include the need for diversification 

into new business areas, government, environmental and safety factors, scarcity 

of resources, and concern over the energy situation. 

Companies often establish new venture units for identification and devel

opment of new and innovative products that may or may not be associated with 

R&D departments. However, R&D departments are often a good place to start when 

investigating the innovation activities of a company. Ideas for new products 

usually originate within the firm, mainly from the R&D department or the new 

venture unit. External sources of new ideas include the scientific 
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environment, competition, customers and suppliers, and government. European 

studies have found that companies consider government sources as relatively 

unimportant. 

Information that may be useful to OBCS to promote market penetration of 

new technologies includes: 

• Manufacturers perceptions of government as a supplier of new technol

ogy and potential partner in research activities 

• ManufacturerS 1 perceptions of OBCS as a supplier of new technology 

and potential partner in research activities 

• Manufacturers 1 idea sources for new technology information 

This information could be obtained by a survey of manufacturers of energy

related technologies and could be used to devise a information transfer plan 

based on enhancing OBCS 1 image and credibility as a supplier of new technolog

ical information and viability as a potential partner for joint technology 

development. Information regarding manufacturers 1 idea sources wi 11 pro vi de 

OBCS with potential "influence channels" that may be vehicles to influence OBCS 

technology adoption. 

3.2 DIFFUSION OF OBCS TECHNOLOGIES TO MANUFACTURERS 

New products are diffused through the universe of potential adopters in a 

fairly predictable pattern. Diffusion has been described as beginning slowly 

with the trial and possible adoption of the product by 11 innovators" and "early 

adopters" in society (see Chapter 2.1). The product is then diffused at a 

faster rate as it is adopted by larger groups of consumers, and finally slows 

as it moves through the last category of adopters, referred to as laggards. 

While the diffusion of consumer products to end residential consumers has 

been addressed in depth by a number of studies, few have focused on the diffu

sion of new technology to manufacturers. The diffusion processes are fairly 

similar. However, different factors are considered when addressing manufac

turers versus end consumers. Understanding the process of product diffusion to 

manufacturers will be beneficial to OBCS in promoting the penetration of new 

technologies to these manufacturers. This section will discuss factors that 
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may promote successful diffusion of new technologies and will focus on the 

factors that may facilitate the adoption and further development of OBCS tech

nologies by manufacturer{s). 

3.2.1 Aspects of New Technologies 

Potential adopting organizations are often unfamiliar with new technol

ogical innovations that are complex and technical in nature. As a result, 

potential adopters may lack the knowledge structure needed to make judgments 

about the product (Robertson and Gatignon 1986). This lack of knowledge is 

likely more prevalent in regards to a new technology. Uncertainties about the 

technology itself and the risks associated with the resource allocations 

required for further technology development all play a major role in the 

organization 1 s adoption decision process. 

Companies unfamiliar with a new technological innovation also require a 

high level of learning in order to make a decision. For this reason, marketers 

have difficulty in forecasting diffusion rates of new technologies since poten

tial adopters often lack the knowledge required to make a statement about their 

purchase or adoption intention. Awareness and knowledge about the technology 

must be created before potential adopters can provide a statement about 

purchase intention (Wilton and Pessemier 1981). 

3.2.2 Stage of Research and Development 

As product and process concepts for new technologies studied at OBCS 

progress through the various stages of R&D, they reach a point where industry 

may view them as vi ab 1 e. This 11 Vi ability" point usually occurs when the tech

nology has reached the later stages of R&D. At the later R&D stages, there is 

greater certainty about the resulting end product and the substantial costs of 

basic research have already been incurred by OBCS. For this reason, manufac

turers are usually most interested in technologies that have progressed to the 

engineering development or demonstration stages of research. Companies or 

industries that rely on new technology are more likely to adopt new technol

ogies in the earlier stages of development (Section 3.3). 
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3.2.3 Industry Factors Affecting Diffusion 

Developers of new technologies such as OBCS and potential adopter 

potentia 1 and speed 

organi

of dif-zati ons such as 

fusion of a new 

manufacturers affect the diffusion 

technology (Robertson and Gatignon 1986). Developers or sup-

pliers of new technology affect diffusion based on their decisions concerning 

characteristics of the innovation, pricing, 

technology. Adopter organizations, in this 

and allocation of resources to the 

case 

related products, and the industry in which they 

manufacturers of energy

operate affect the reception 

of the innovation. In Figure 3.1, the supply side and the adopter industry 

competitive environments merge into the diffusion process among manufacturers. 

SUPPLY SIDE TRADITIONAL DIFFUSION INFLUEN:ES 

COMPETITIVE ENVIRONMENT 

Struct\Jral factors Innovation OrganizatiOn 

• Industry Competitiveness 
Characteristics Characteristics 

• Reputation of Industry 

• Technology Standardization 

• Vert1cal Coordination w•th 

Customers 

I Adoption Process 

Resource Commitments 

• R&D Allocation 

• Marketing Support 

ADOPTER INDUSTRY 

COMPETITIVE ENVIRONMENT 

t Structural factors 
Time of Adopt1on 

• Industry Heterogeneity I 
" I 

• Competitive Intensity 
Non Adopt1on 

I 
• Demand Uncertainty 

I 
I Commumcat1on Factors 

I • Signal frequency and clamy 

I • Professionalization 

I • Cosmopolitanism 

I 
I 
I 

L-- r ---------------------------
FIGURE 3.1. Competitive Behavior Diagram for Technology 

Diffusion Among Organizations 
Source: Robertson and Gat i gnon ( 1986). 
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Robertson and Gatignon (1986) studied the diffusion of high technology innova

tion among business organizations and extended the traditional behavioral stud

ies of innovation diffusion discussed in Section 2.1 by incorporating competi

tive factors and explanatory variables. Their theory of technology diffusion 

at the industry level is the basis for the remainder of this section concerning 

diffusion. 

Supply Side Factors Affecting Diffusion 

Structural characteristics and resource commitments of the organization(s) 

offering the innovation to manufacturers influence the market potential real

ized and the speed of diffusion. OBCS supported technologies, for example, 

compete with technologies supported by other government offices, corporate R&D 

departments, and private entrepreneurs to gain industry support in the form of 

funding and/or development agreements for new technologies and ideas. The sup

plier industry in this section refers to the group of organizations that offer 

new innovations. 

Robertson and Gatignon•s (1986) study states that structural characteris

tics of the supplier industry affect the speed of diffusion and actual market 

potential realized by the technology. The specific structural characteristics 

of the supplier group are: 

• level of supplier competition 

• supplier reputation 

• level of vertical coordination 

Strong competition among organizations offering new technologies {supplier 

groups) leads to more rapid diffusion and a higher diffusion level. The com

petitiveness of the supplier industry for new technology is dependent upon the 

number of competitors and their concentration in a particular area of business 

or research (Porter 1980). A number of technology suppliers offering similar 

new technologies to the same adopter industry .,compete" for a limited amount of 

R&D resources. The more technology suppliers there are, the more intense this 

competition becomes. Competition affects the overall resources allocated to 

technology transfer and other efforts that promote new technologies to manu

facturers. Competition also affects the .,pricing philosophies" of suppliers. 

In the case of OBCS, the pricing philosophy may refer to the flexibility in a 
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partnership as well as to the amount of ownership or benefits the manufacturer 

will receive once the technology is introduced. These arrangements are, of 

course, restrained by certain federal restrictions. Under highly competitive 

environmental situations where a large number of new technology developers com

pete vigorously to promote the adoption of similar innovations, greater 

resources and more aggressive pricing strategies are likely to be allocated to 

the technologies, thus encouraging more rapid diffusion (Robertson and Gatignon 

1986). 

The more favorable the reputation of the supplier group, the more rapid 

the initial diffusion. Although it is an illusive concept, the reputation of 

the supplier group is quite important, especially if the supplier group is in 

competition with another supplier group. The reputation of the supplier group 

develops from past relationships and confidence among potential adopters. In 

instances where there are uncertainties about the viability of the new technol

ogy, a supplier with a positive reputation will encounter a better penetration 

rate. OBCS's reputation among potential adopters (manufacturers) will have an 

impact on the success of new technology market penetration efforts. Therefore, 

OBCS may want to determine how it is perceived by manufacturers and, depending 

on these perceptions, attempt to enhance its image. 

Strong vertical coordination between suppliers and customers will increase 

the diffusion rate. In industries where a large amount of vertical dependence 

exists, there may be an incentive to coordinate and develop interlocking rela

tionships {Palmer 1983). Vertical dependence refers to an industry's reliance 

on or use of external supplier or distribution networks that are vital to suc

cess in that industry. If manufacturers relied more heavily on R&D conducted 

by government organizations such as OBCS versus their own R&D departments, the 

diffusion rate of OBCS technologies would likely increase. Diffusion would 

increase in cases of strong vertical coordination because of the formation of 

more fluent information networks. In the medical equipment and pharmaceuti

cals, for example, the networkir·g between suppliers and leading research or 

teaching hospitals has facilitated the acceptance of medical innovations. OBCS 

should concentrate on understanding these information networks within 
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industries where there is potential for technology adoption. Later, OBCS may 

be able to become involved in and help further develop the networks. 

Robertson and Gatignon 1 s 1986 study also states that resource allocations 

made by a supplier industry will have a major affect on the speed of diffusion. 

Ongoing R&D and marketing programs are believed to speed and increase the dif

fusion potential of new products/technology (Robertson and Gatignon 1986). 

Robertson and Gatignon 1 s technology resource commitments are as follows: 

• allocation of R&D resources 

• allocation of marketing resources 

A greater allocation of R&D resources within an industry will lead to a more 

rapid diffusion process and a higher diffusion level. There is evidence of a 

positive relationship between R&D resources and the invention/innovation pro

cess {Kamien and Schwartz 1982). A greater allocation of R&D resources to the 

technology by OBCS may lead to a more rapid diffusion of new technologies. 

Potential adopting companies are more likely to adopt and further develop a new 

technology if someone else (OBCS) has already cormnitted substantial resources 

to its development. These resources lead to success in basic technology devel

opment and to reduced risks faced by potential adopters. Manufacturers may 

also be more willing to adopt a technology if they were somehow involved (i.e., 

consultant or partner) in its development. 

A greater allocation of marketing resources will lead to a more rapid dif

fusion process and to a higher diffusion level. The amount of resources allo

cated to marketing actions such as advertising, sales promotions, personal 

selling, and distribution support will have a major impact on the speed of the 

diffusion process and on the market penetration level. Allocation of funds to 

marketing research provides a vehicle to introduce market input. This input 

from manufacturers of energy-related technologies would help guide OBCS R&D and 

"position" the product so that it appeals to a particular market segment. OBCS 

could better steer its own R&D efforts toward technologies that have greater 

potential for market acceptance by integrating some of the comments and desires 

expressed by different consumer groups. The resulting technology could then be 

positioned to this market according to expressed consumer desires. Increased 

3.11 



marketing expenditures in communication actions such as technology transfer 

could enhance the speed and pattern of diffusion of OBCS technologies. 

The study of innovators and early adopters (discussed in Section 2.0) is 

often used as a basis to describe technology diffusion. The acceptance of an 

energy-re.lated technology by these two groups of manufacturers is believed to 

be crucial to the successful market penetration and diffusion of new technol

ogy, yet no studies have been conducted to determine the characteristics of 

these 11 innovative 11 manufacturers. A survey of all manufacturers of energy

related products should be conducted to determine the types of firms that have 

the greatest adoption potential. Limiting the study to only those firms with 

past adoption history would limit the findings and possibly result in lost 

opportunities for OBCS. Smalle~ firms, for example, may never have been 

approached about funding new technology development but may be receptive to 

this idea. 

Adopter Industry Factors Affecting Diffusion 

A potential adopter 1
S industrial environment will affect the receptivity 

to a new technology. Competitive pressure often influences a company to con

sider an innovation, while the lack of this pressure may continue the general 

apathy toward innovation in the industry. Robertson and Gatignon (1986} pro

pose that the willingness to innovate is a function of two broad sets of 

variables - structural and communication factors. 

The structural factors of the adopter industry believed to be related to 

the willingness to innovate (Robertson and Gatignon 1986) are as follows: 

• level of industry specialization 

• level of competitive intensity 

• demand uncertainty 

An intermediate level of industry specialization will increase the diffusion 

rate of a new technology. Diffusion is believed to be facilitated by strong 

communication networks and information sources. If the industry is too 

specialized in one particular market or product, diffusion of information 

regarding new technological developments is reduced because there are few 
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sources of new information. However, if the industry is highly unspecialized, 

communication breaks down because of lack of a common focus. Thus, the optimal 

level is an intermediate one. 

An intermediate level of competitive intensity will increase the diffusion 

rate of a new technology. Competition at a reasonable level will encourage the 

acceptance of innovation. However, at some point the financial resources of 

the industry will be depleted and the potential for innovation nearly gone. 

Monopolistic conditions may also deter innovativeness since there is often lit

tle incentive for change. As co!TJi)etition increases, building or maintaining 

barriers to entry may be a motivating factor to the adoption to innovation, 

especially of the process type, by many industry participants (Abernathy and 

Utterback 1978). For example, in a highly competitive industry a manufacturer 

may have a strong incentive to adopt a process technology to eventually reduce 

variable costs and to undercut a competitor 1 s prices. 

Uncertainty about demand wi 11 generally increase the acceptance of i nnova

tion. In industries where demand is predictable, companies can estimate with 

some certainty the level of marketing activity required to discourage new 

entrants into the market. However, when uncertainty about demand increases, 

industry participants may uniformly increase marketing activities and, thus, 

their likelihood for adopting new technologies. Increased marketing activity 

can discourage new market entrants because of the visibility of competition and 

dominance in the market. Companies are most receptive to new innovations if 

their strategy for deterring new entrants requires new means for cost reduction 

and/or obtaining new market segments (Robertson and Gatignon 1986). 

Communication factors offered by Robertson and Gatignon (1986) as deter-

minants of an industry 1

S receptiveness to innovation include the following: 

• signaling frequency and clarity 

• industry professionalization 

• industry cosmopolitanism 

Signaling frequency and signal clarity will enhance the speed and level of dif

fusion. Signaling within an industry refers to statements or explanations by 

industry members for actions such as new investments, alterations in production 

practices, changes in pricing policies, or new product introductions. In this 
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case, we are interested in the amount of signaling among competitors and the 

clarity of these signals regarding the adoption of a new technology. Some 

industries are generally open in the communication process and unambiguous in 

signaling while others may be secretive in revealing information -which may 

even be false. These signals have an impact on the overall industry receptive

ness to the technology. Industries that are open in their signaling and infor

mation sharing are more likely to disseminate the available information regard

ing new technology. This increase in available information should facilitate 

the adoption diffusion process. Signal clarity will normally enhance the value 

of the information content and announcements will be believed by member com

panies, also facilitating the diffusion process. 

The professionalization of an industry will enhance t~e diffusion process. 

The amount of social influence within an industry will have an influence on the 

amount of information transmitted among industry members and professional 

groups. Examples of professionalized industries include architectural design 

and medical care organizations. Members of these professionalized industries 

have the luxury of referring to a professional society as well as to 

co-workers. This produces a large pool of information sources (Leonard-Barton 

1985). Also, organizations are more likely to adopt an innovation if special

ized professionals within the firm view it as viable (Mach and Morse 1977). It 

appears that one target for information regarding new technologies is profes

sional groups since they are an integral part of the information network. 

High cosmopolitanism in an industry will speed the diffusion process. 

Cosmopolitanism, or '~external integration 11
, can be assessed according to inter

national sales level, number of target markets, and percentage of personnel 

who have been involved in other industries. The business consulting industry 

is an example of a cosmopolitan environment because of the diverse markets 

served and broad experience of personnel. Some firms are international in 

scope. These factors extend access to new information sources and thus speeds 

the dif~usion process. Mansfield (1968) found that the most important new 

sources of innovations were found outside rather than within a mature industry. 
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Therefore OBCS may want to target industries that are similar in process, etc. 

rather than concentrate solely on the most obvious applications of a 

technology. 

3.2.4 Summary and Implications 

The diffusion process of energy-related technologies from OBCS to manufac

turers is similar to the diffusion process of energy-conserving products to 

residential end consumers described in Section 2.1. However, some different 

factors are considered when describing this process in relation to manufac

turers. Section 3.2 extended the basic diffusion process model and introduced 

supplier (such as OBCS) and adopter industry (manufacturers) factors that might 

speed and enhance the diffusion process. 

It is important for OBCS to understand the diffusion process of new tech

nologies and, in particular, how certain factors may affect the potential dif

fusion level and rate of diffusion of new technologies. In order to increase 

the potential and speed of diffusion, according to Robertson and Gatignon 1 s 

1986 study, OBCS may want to consider the following: 

• enhance its reputation in the eyes of potential adopters 

• become more involved in potential adopter industry information 

networks 

• place more emphasis on marketing new technologies and potential 

partnership arrangements to industry 

Through examining the existing research, it was found that industries with 

the following characteristics may be most receptive to the adoption of new 

technology: 

• intermediate level of heterogeneity 

• intermediate level of competition 

• high level of demand uncertainty 

• clear and frequent signaling between industry competitors 

• professionalized 

• high level of external integration 
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3.3 "DEMAND PULL" VERSUS ""TECHNOLOGY PUSH'"' INNOVATION STRATEGIES 

A company•s business and innovation strategies dictate how new products 

and technologies are planned for, developed, and introduced to the marketplace. 

Sometimes products are developed by organizations to meet a strong, well

defined yet unsatisfied market need. In other instances, the invention of a 

new technology and the awareness of its potential may actually create a need 

and stimulate demand for products to satisfy that need. These two patterns or 

philosophies of new product development can be described by many as 11 demand

pull11 and "technology-push 11 (respectively). A comparison of the two approaches 

can be seen in Table 3.1. 

It is important that OBCS understand the new product development 

strategies carried out by firms in a particular industry because it adds 

insight to their new product opportunity identification and assessment methods. 

3.3.1 "Demand Pull" Strategy 

Companies that r~ly on "demand-pull" strategies of new product development 

strive to satisfy an existing consumer demand in a familiar market. New pro

duct developments typically involve new uses for existing products or effici

ency and aesthetic improvements to existing product lines (Petroni 1985). One 

example of this is the addition of an automatic set-back thermostat to a fur

nace system based on recognized consumer demand for such a feature. These 

TABLE 3.1. Differences in Approach to Planning in a "Technology Push" 
Versus "Demand Pull" Company 

Technology 

Supply 
structure 

Investment 

Profit 

"Technology Push" 

Emerging or developing 

Oligopoly or monopoly 

High-risk 

High 

Source: Petroni 1985. 
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"Demand Pull" 

Mature technologies or 
infra-technological 
applications 

Vast array of producers 

Low-risk 

Medium-low to low 



companies usually follow a late-to-market or market-segmentation strategy for 

new introduction (discussed in Section 3.3.5). 

A company 1S marketing organization plays a major role in the new product 

planning process when a "demand pull" strategy is utilized since it is consumer 

needs that stimulate developments in technology (see Figure 3.2). These com

panies typically operate in "mature 11 markets where the overall level of tech

nological development is low, there are many sources of supply, and competition 

between manufacturers is strong. 

New product planning in companies that rely on a 11 demand pu11 11 strategy 

allow the marketing department to lead the way. As the process progresses, 

there is substantial interaction between the marketing, engineering, R&D, and 

production areas of the firm. In a "demand pull" strategy, technological 

activities are linked to the company 1s new product/technology development plan 

by several methods. These methods are shown by the communication and decision

making flows which can be seen in Figure 3.2 (Petroni 1985). In a "demand

pull" strategy, the product portfolio is assessed to identify the conditions 

that are required for success in a particular market, and to specify those 

markets that the company wishes to maintain or increase its market share. This 

analysis may show that new products are needed in particular markets. The com

pany must decide if the required market share might be best obtained by intro

ducing new products, by improving on existing products, or by improving the 

production process to obtain an advantage in terms of costs. Next, it should 

be possible to identify those areas of strategic interest that match the com

pany1s product needs and specify the role that the marketing department will 

p 1 ay. 

3.3.2 11 Techno1ogy Push" Strategy 

Companies that rely on "technology push" strategies take a different 

approach to the innovation process and rely mainly on the R&D rather than on 

the marketing department. Innovation can sometimes stimulate and develop a 

strong potential demand. The development of xerography, for example, created 

an entirely new market as did pocket cameras and instant-print photography. 

3.17 



~ c ~ 

"'~ "'c e>C c c 

! 
c • • c • ·- . 

Business ·- E " 
E ·.;::::; E ~ E c ~ 

'"" 
. ~ 

-~ Actions c " ~ " c " • • a: • " . ·a, :! - c. c. • c. 
ll. • • :;: . c • 

" " " 
we> 

Start Up Phase: Providing with Business <(__ 
·'"' Scenario. Technological Forecasting, --- .o-

Guidelines, Planning Method, etc. 

Product Portfolio Analysis (Gross ? Margin, Life·Cycle, Market Shares, etc.) 

i 

Proposal of the Pattern or Prescence -- -.6 in the Market (in Which Products ---I 
Invest or 0'1sinvest) I 
Approval of the Planning Department 

of the Pattern Proposed by the ) 
Marketing Department 

I . 
+<( Identification of the Product Needs -- ---

i 

Identification of "Strategic Technical 

Areas": Assessment of Both Internal 
~ ~ 

and External Technical Resources 

Definition of Criteria for ~ 

Selecting Projects Portfolio ~ ~ 

Approval of Criteria for 
I 

Selecting Projects Portfolio o- --- _ _J 

---- Line of Communication 
Line of Decision-Making and Action 

FIGURE 3,2, New Product Planning in a "Demand pull" Strategy 
Source: Petroni 1985. 

3,18 

"' c~ ·- c 
" . z E 
"~ . " -. , c. 
c • 
•o :;: 

.a 

-() 

~ 

~ 



Businesses operating under a "technology-push" strategy structure their 

operations and strategic planning with heavy emphasis on technology. This 

approach allows technology to be the driving force, cooperating closely with 

the R&D department (see Figure 3.3). In fact, some companies that pursue this 

approach may combine R&D and strategic planning into one distinct function 

(Petroni 1985). 

The new product planning process in a "technology push" strategy is often 

steered by the R&D department. Predicted technological innovations have a 

substantial influence on the "product concept 11 that is followed by many of 

these firms. R&D heavily influences the long term goals of the company, as 

we11 as the directions for change and how that change should be implemented. 
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This approach allows for little interaction in the planning process between 

other departments such as marketing, production, finance, and others. Tech

nology is not used in the planning process to meet the needs for products and 

processes, but rather to forecast hrM and in what way the technology will 

develop. 

The marketplace or industrial sector has an influence on a company 1 S new 

product/innovation strategy. For example, manufacturers operating in the high

tech computer industry may rely heavily on "technology push" while the fashion 

industry will, in general, rely on "demand pull". However, companies within 

these industries will sway toward one or the other of these approaches. Heat

; ng and ai r-conditi ani ng manufacturers may, in genera 1, be characterized as 

being "demand pul1 11
• Sertain companies within this industry might rely more 

heavily on their R&D department for planning strategies. It may be that these 

companies are the very large, industry leaders who have substantial R&D bud

gets; or they may be the smaller, more innovative firms that rely on new 

technology to gain a niche in the market. This type of information would be 

valuable to OBCS for planning market penetration strategies for new technol

ogies and could be obtained from a survey of manufacturers. 

3.3.3 New Product Introduction Strategies 

The pattern in which a company introduces new products is related to the 

company 1 s business and innovation strategy. Some manufacturers, usually 

"demand pullu companies, rely heavily on market segmentation of established 

markets and strive to serve these subset markets with slight or superficial 

alterations of established technologies. Unless these companies can be shown 

that substantial demand exists for a new technology, they are the least likely 

to adopt new technologies. Other manufacturers, usually those that follow a 
11 technology pushn strategy, strive to enter the market first with new products 

in order to gain a temporary monopoly and enjoy early profits before other com

panies enter the market. These manufacturers must be committed to basic and 

applied R&D to create new products and take advantage of new market opportun

ities. Because of these R&D commitments and capabilities, these companies may 

have great potential for adopting new technologies. 
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A manufacturer's innovation strategy can be determined 

terns of new product i nt roduct ions and tech no 1 ogy adoption. 

by examining pat

The nature of the 

industry has a great deal to do with the overall business strategy of 

manufacturers. However, when compared to one another, these manufacturers tend 

to introduce products and adopt new technology at different stages in the pro

duct life cycle; some enter early while others wait to see if the new product 

or process is successful. They then rely on alterations of that product to 

seize a niche in the market. Maidique and Patch (1978) identified four typical 

alternative business strategies and related them to innovation in the firm. 

These strategies, described in Table 3.2, are 1) first-to-market, 2) second-to

market, 3) late-to-market, and 4) market segmentation strategy. Briefly, these 

strategies are: 

• First-To-Market Strategy. This strategy attempts to introduce the 

product into the market before the competition in order to experience 

TABLE 3.2. Typi ca 1 Functional Requirements of Alternative Technological 
Strategies 

R&D Manufacturing Marketing Fmance Organ1zation Timmg 

First-to-Market ReqUires State of Emphasis on Emphasis on Requtres Access Emphasis on Early-Entry 

the Art R&D Pilot and St•mulating to Risk Capital Flexibility Over Inaugurates the 

Medium-Scale Pr1mary Demand Efficumcy: Product life 

Manufacturing Encourage Risk Cycle 
Takmg 

Second- Requ•res Requ1res Agility Must Requ1res Rap1d Combme Entry Early •n 
to-Market Flexible, in Setting Up D1fferent1ate the Commitment of Elements of Growth Stage 

Responsove and Manufactunng Product; Med1um to Large Flexibility and 
Advanced R&D Medium Scale Stimulate Quantities of Efficiency 
Capability Secondary Capital 

Demand 

Late-to-Market Requ~res Skill•n Requores Must Mm1m1ze Requ1res Access Emphas1s on Entry During 
or Cost Process Efficiency and Sellmg and to Cap1tal in Effic1ency and Late Growth or 
Mm1mozat1on Development Automation for Dostr1bution Large Amounts Hierarch•cal Early Maturity 

and Cost Large-Scale Costs Control; 
Effective Product Production Procedures 

R•g•dly Enforced 

Market- Aequ.,es Ability Requ~res Must ldent1fy ReqUires Access Flexibility and Entry During 
Segmentation m Applicatoons. Fltmbility on and Reach to Capital m Control Required Growth Stage 

Custom Short- to Favorable Medium or Large in Serving 
Engmeenng. and Medium Runs Segments Amounts Different 
Advanced Customers' 
Product Des1gn Requirements 

Source: Maidique and Patch 1978. 
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a temporary monopoly in exploiting the new technology. This 

"monopolistic" condition enables the company to cover the high costs 

of R&D that are required to move a basic technology to a marketable 

product. This strategy requires a strong commitment to basic and 

applied R&D. Companies undertaking a first-to-market business 

strategy might be the most likely candidates for adoption of new 

technologies developed by OBCS. 

• Second-To-Market Strategy. When compared to the first-to-market 

strategy, the second-to-market companies would imply commitments to 

occur later in the R&D efforts. However~ in terms of overall expen

ditures on R&D, the second-to-market strategy may spend as much or 

more as the first-to-market strategy. The first-to-market strategy 

depends more on internal basic research while the second-to-market 

may look more toward external sources of technological information. 

Here again, these companies may be good targets for information 

regarding technologies developed by OBCS. 

• Late-To-Market, or Cost Minimization. Companies following this 

approach generally are concerned with achieving an advantage in the 

market through reduced cost. They typically strive for economies of 

scale in production and distribution through process and product 

design modifications. Entry into the market usually occurs after a 

competitor has already become established in the market and sales are 

growing. The late-to-market company will avoid investments in 

capital-intense plants are until products have become fairly stan

dardized by other companies. These organizations spend little or 

nothing on basic research, especially when compared to the first- and 

second-to-market firms. OBCS should probably not focus their efforts 

to gain support from these companies unless the technology would 

result in some sort of a process innovation. 

• Market Segmentation or Specialist. These companies focus their 

efforts on small units or segments of demand with special applica

tions of the basic technology. Entry into the market usually occurs 

after competitors have already entered the market, sales are 
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increasing at a steady rate, and the market can be further segmented 

by groups of consumers with specific needs. Capabi 1 iti es surround 

applied engineering as well as flexibility in the manufacturing 

area. These strategies require less emphasis on basic and applied 

research and more on the various areas of marketing and production 

capacity. These organizations would not provide the most potential 

in terms of technology adoption of OBCS technologies. 

3.3.4 Summary and Implications 

New product introduction strategies and innovation strategies reflect how 

a company plans for and develops new technology and products. Identifying past 

ways that new products are introduced will reveal a company•s reliance on 

first- or second-to-market, late-to-market or market segmentation. This will 

help determine if a company•s innovation strategy is closer to 11 demand pull 11 or 

"technology push 11
• The new product introduction strategy of a company will 

influence which firms OBCS should approach with information regarding a tech

nology and the approach to be used. 

OBCS has traditionally followed a 11 technology push 11 strategy for new pro

duct development. Planning is typically guided by developments in technology 

rather than the identification of market demand. Studies have shown that high 

tech-nology companies that have developed a concerted team effort between R&D 

and marketing in their new technology/product development efforts have experi

enced the greatest success in new product introductions and profitability 

(Petroni 1985). 

Implications of these findings to OBCS include the following: 

• OBCS may be able to greatly increase the potential for successful 

market penetration of new technologies if this sort of R&D/marketing 

cooperation is integrated into technology development and commercial

ization efforts. 

• 
11 Demand pul1 11 companies rely heavily on the marketing department and 

would be best approached by OBCS through this department with infor

mation on predicted demand for the new product as well as consumer 
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attitudes and needs as they relate to the particular technology or 

products that the technology might develop. 

• .. Technology push .. companies, because of their strong commitment to 

R&D and reliance on new technology, are probably the most likely can

didates for many OBCS technologies that are in the early stages of 

development. These companies would probably be best approached 

through the R&D or planning departments with technical information on 

the new techno 1 ogy. 

~ By conducting market assessment studies before the technology 

progresses to later stages of development, alterations to the tech

nology's development path, however slight, may provide a greater 

potential for commercial success. 

• To be successfully commercialized, manufacturers must view these 

technologies as potentially profitable. This profitability potential 

is based in part on market predictions and on demand for the result

ing product. 

3.4 THE DECISION-MAKING PROCESS OF THE COMPANY 

Organizations, like individuals, go through a decision-making process that 

varies in complexity depending on the importance of the decision to the deci

sion maker(s). The decision to adopt/not adopt a technology or develop and 

produce a new product is a very critical one. If the decision results in a 

successful new product, the company may earn potentially large profits, while 

failure may result in substantial losses. Companies frequently consult a small 

number of key individuals within the company to help make the optimal decision. 

These individuals, or the 11 decision-making elite 11
, possess specialized skills 

in areas such as finance, production, manufacturing, marketing, R&D, and engi

neering. The chief executive officer (CEO) normally has the final say in the 

decision (Cohn 1gao). A number of studies have attempted to explain the deci

sion process and the adoption of innovations for the individual consumer. How

ever, few have focused on the corporate decision and adoption process, especi

ally in a particular industry. This section covers decision-maker attitudes 

towards risk and change and how they may affect the decision to adopt a new 
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technology, selection or evaluation criteria for new technologies and how they 

differ according to the individual 1 s role or job category within the company, 

and an example of new product/technology screening methods. 

3.4.1 The Importance of Attitudes 

Studies concerning the adoption of innovations in industry have frequently· 

concluded that managerial attitudes are a crucial determinant of adoption 

behavior. These studies have concluded that innovation is extremely disruptive 

to the internal structure of the firm and that managers who innovate must look 

favorably on change (Cohn 1980}. Because the adoption of technology brings 

with it the elements of risk and uncertainty, it has been hypothesized that 

managers who show a greater preference toward risk are more likely to adopt an 

innovation (Cohn 1980). The studies in this section deal mainly with process 

versus product innovation that is developed outside the firm. 

Hage and Dewar (1973) hypothesized that a firm will be more likely to 

adopt innovations based on the following: 

• the greater the president of the company 1 s preference is for change 

• the greater the decision-making elite 1 s preference is for change 

• the greater the president of the company 1S preference is for risk 

• the greater the decision-making elite 1s preference is for risk. 

• the less the president of the company 1 s preference is for traditional 

technologies 

• the less the decision-making elite 1 s (usually managers of finance, 

marketing, and R&D} preference is for traditional technologies 

Hage and Dewar 1 s findings also inferred that the likelihood of a firm 1 s 

adoption of technology will not be related to the attitudes of the total 

managerial staff, implying that certain individuals in the decision-making 

elite may have more authority in the final decision. Cohn (1980} sought to 

test the hypothesis of Hage and Dewar by conducting a study that included a 

survey of decision-makers in the footwear industry. Crucial aspects of the 

footwear industry include the intense competition between manufacturers and the 
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machinery suppliers• dominance of the innovation process. Machinery and other 

process innovations are normally not developed by the footwear firms 

themselves. 

Cohn•s study found four variables to be related statistically to actual 

technology adoption: the change preferences, risk preferences, preferences of 

the decision-making elite for traditional technologies, and preferences for 

traditional technologies by the total management staff. 

The Cohn study showed that decisions regarding the adoption of new tech

nologies were typically made by the CEO and production managers. The decision

making structures were primarily consensual, meaning that there were rarely 

conflicts over these decisions. Opposition of only a few managers was usually 

sufficient to block the decision to adopt, making it difficult for one manager 

to impose his attitudes on the decision-making group. Even though the manager 

was a member of the decision making group, his attitudes did not necessarily 

predict the firm•s adoption choices. Instead, the attitudes of all managers 

involved played a role in the decision process (Cohn 1980}. 

While it is helpful to understand the role of managerial attitudes in the 

decision-making process, these attitudes are difficult to obtain and differ 

from firm to firm. For OBCS, it may be easier to look at the general criteria 

that decision-makers use depending on their role in the organization. These 

criteria will be discussed in the next section. 

3.4.2 Issues of Importance to Decision Makers 

Decision makers at potential technology adopting organizations place 

importance on different criteria depending on their role in the organization. 

It is important for OBCS to stress different aspects of the new technology to 

the different decision makers within the firm. 

Table 3.3 shows the ,.importance criteria 11 and how they differ among deci

sion makers in industrial marketing (Choffray and Lilien 1978). These ,.impor-

tance criteria .. will probably be different in assessing new OBCS product tech

probably be nologies 

involved 

since other departments 

in the decision. Also, 

such as marketing and R&D would 

since OBCS technologies have not reached 
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TABLE 3.3. Importance Criteria in Industrial Marketing 

Production Engineers 

Corporate Engineers 

Plant Managers 

Top Managers 

Major 

Operating 
s.avi ngs. 
savings. 

Importance 

cost. Energy 
Reliability 

First cost. 
Reliability. 

Field proven. 
Complexity. 

Operating cost. Use of 
unproductive areas. 
Up-to-date. Power failure 
protection. 

Up-to-date. Energy savings. 
Operating cost. 

Minor Importance 

First cost 
Field proven 

Energy savings 
Up-to-date 

First cost 
Camp l exity 

Plant noise 
Reliability 

the later development stages of R&D, cost estimates are unclear. However, this 

table does illustrate how key 11 importance criteria" differ between different 

types of decision makers. This may be an area for future research by OBCS. 

Top management, for example, is normally most concerned with the technol

ogy•s affect on the bottom line and is accustomed to reviewing proposals that 

outline return on investments and paybacks. These managers may also be influ

enced by strategic considerations such as changing business needs. When large

scale automation was introduced to GE 1 S large steam-turbine generator business, 

management was convinced of the innovation based on changing business needs. 

These needs surrounded a shift from manufacturing operations of large, one-of

a-kind products to the production of smaller parts. Management•s decision to 

adopt the new technology was also based on the need for continual quality 

improvements to keep operations competitive. 

3.4.3 New Product/Innovation Screening Methods Potential 

Potential adopters/manufacturers of new technologies developed by OBCS 

will closely scrutinize the innovation before committing resources to the 

costly process of transforming the technology into an end product. These 

organizations will want to assess areas such as market needs, potential demand, 

production requirements, and other factors. To guard against the high 
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potential of failure for new products, many firms have developed elaborate 

screening processes to evaluate new product ideas based on a number of criteria 

that take into account the concerns of the various potential decision makers 

discussed previously. OBCS should be aware of these screening processes in 

order to conduct an initial evaluation of the new product technology before it 

is presented to the potential industrial adopter. 

New Product Profile Chart 

A new product profile chart, (see Table 3.4) developed by Monsanto Corpor

ation, analyzes the profit, sales, and cash requirements of a new venture, as 

well as the degree to which the technology converges with the production, R&D, 

and marketing capabilities of the firm (Hutt and Speh 1981). This analysis is 

based on the firm•s clear understanding of their market, and, since an innova

tion may have a potential application in a number of usage groups, the analysis 

may be examined for a number of market segments. 

TABLE 3.4. New Product Profile Chart 

Financial Aspects 
Estimated annual sales 

Marketing and 
product aspects 

Production and 
engineering aspect 

Research and 
development aspects 

Source: Hutt and Speh 1981. 

Return of investment (before taxes) 
Estimated annual sales 
New fixed capital payout time 
Time to reach estimated sales volume 

Similarity to existing product lines 
Effect on present products 
Marketability to present customers 
Number of potential customers 
Suitability of present sales force 
Market stability 
Market trends 
Technical service 

Required corporate size 
Raw materials 
Equipment 
Process familiarity 

Research investment payout time 
Development investment payout time 
Research know-how 
Patent status 
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To implement the new product profile chart, firms often rate the aspects 

of a technology on a scale. For example, the aspect of "suitability of present 

sales force" might be rated as: 

-2 entirely different sales force 

-1 some present sales force 

+1 mostly present sales force 

+2 all present sales force 

Added weights can be assigned to certain factors depending on their impor

tance to a particular firm. OBCS might use these dimensions as evaluation 

tools for potential market penetration {to manufacturers) of new technologies. 

However this information provides only a general idea of the criteria a firm 

might use to evaluate a new product and is not specific to any particular OBCS 

technology 1 s market area. Also, this information deals with a new product idea 

that is probably later in the development stage than many OBCS technologies. 

It would be useful for OBCS to obtain information on evaluation criteria 

regarding technologies in the earlier stages of research since this is when 

OBCS is probably evaluated by.manufacturers. More information about when {at 

what stage of R&D) manufacturers usually evaluate OBCS technologies for possi

ble adoption and at what stage of R&D do technologies have the highest adoption 

rate would be helpful. 

3.4.4 Summary and Implications 

The decision to adopt and invest in the development of a new technology is 

risky for an organization because of the time <~nd monetary commitments 

required. Therefore, the decision to adopt/not adopt is an important one, 

usually involving the company 1 s "decision-making elite" from specific expertise 

areas within the company as well as the CEO. Attitudes of the CEO and the 

decision-making elite toward risk, change, and preferences for traditional 

process technologies have an influence on adoption, as does the individual 

decision-maker 1 s role or function in the company. Some companies have devel

oped formal and informal methods for evaluating a new product or technology. 

A survey of manufacturers of energy-related technologies could be con

ducted to determine: 
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• overall adoption potential of specific firms and which departments 

might be most responsive to new technology ideas 

• importance criteria for new technologies depending on the person 1 s 

role or position in the company. This will dictate the type of tech

nology information that should be presented to that person 

• which person(s) within an organization normally possess the most 

decision-making power - characteristics of these persons, such as 

position within the company, length of time with organization, etc., 

will be useful to OBCS 

• new product/technology screening methods, importance attributes, and 

attribute weights. These are all used by companies to assess new 

products and technologies that would be useful to OBCS 

• possible means of tracking for changes in 11 decision-making elite" 

members 

3.5 BARRIERS TO SUCCESSFUL MARKET PENETRATION 

There are many potential barriers that can impede a company 1 s acceptance 

and adoption of a new technology. These barriers exist at all stages of market 

penetration; from the adoption decision process, to the implementation stages 

of a process technology within a company. Sufficient financial and R&D 

resource capabilities are definite barriers to some companies. Other barriers, 

however, are less obvious and much harder to identify. This section covers 

barriers encountered in the decision process, barriers to innovation inherent 

to large firms, and barriers in implementation of process technology. This 

listing of barriers is not inclusive but provides an initial understanding of 

potential barriers to successful market penetration of new technologies and 

possible solutions to overcome them. 

3.5.1 Barriers in the Adoption Process 

The failure of many new technologically superior products to successfully 

penetrate the market has often been attributed to problems in managing innova

tion and the new product development process. In particular, managers have 

often failed to transform innovative technologies into products with high 
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market potential. However, in many cases, problems occur after market entry 

because of management•s misunderstanding of the adoption process (More 1983). 

Studies have generally addressed the industrial buying process and pur

chase behavior in relation to a specific end product. However, many OBCS 

technologies, especially those in the earlier stages of R&D, have not yet 

reached this stage of development and would require adoption or "shared 

development" by manufacturers. While the adoption process itself, i.e., the 

stages of awareness, knowledge, information search, and interest, etc. are 

probably similar, the selection criteria used by a company would be quite dif

ferent for an immature versus a mature technology. By better understanding 

this adoption process and anticipating barriers, OBCS can better ensure succes

sful market penetration of new technologies. 

As discussed in Section 2.4, diffusion of OBCS technologies to manufac

turers, purchasers of industrial products go through a fairly standard buying 

process. This process is similar to that followed by residential consumers, 

except there are normally more decision makers involved in the industrial buy

ing or technology adoption decision situation. The group of specialized indi

viduals within a company that normally make purchase decisions is described as 

the "buying center" by More (1983). More•s 11 buying center" is similar to the 

group of "decision-making elite" discussed in Section 3.4., so for simplicity 

the term "decision-making elite" in used in this report. Individual members of 

the "deci si on-making elite" often possess different adoption criteria, differ

ent uncertainties, different information needs, and different attitudes toward 

risk. 

Potential adopters of OBCS technologies go through a decision process that 

involves certain steps that must be followed to decide to adopt/reject or 

purchase/reject. These steps are illustrated in Table 3.5 and involve: 

1) unawareness, 2) awareness, 3) interest, 4) evaluation, 5) trial, and 

6) purchase/adoption or rejection. These stages are described in more detail 

in Section 2.2. 

There are several barriers that may potentially be encountered which are 

derived from characteristics of the firms• adoption processes. These potential 

barriers may impede the adoption process or result in market rejection of the 
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TABLE 3.5. The New Product Development Process: The "Decision-Making 
Elite 1 s" Perspective 

Potential Buyer/Seller Interlaces 

Adopt1on Process IBuyerl 

Unaware-Aware-Interest -evaluation- Trial -Purchase-Repurchase -Repurchase 

Recognoze -oererm1na- Search -Assess -Acquora -evaluate -select -select -Performance 
Need Product for Supplter Supplier Supploer Supploer Order Feedback 

Character· Supploers Character- Proposals Proposals Routone and 

IStiCS IStiCS Evaluatoon 

Source: More 1985 

technology. Roger A. More described a number of barriers to the adoption of 

high technology in his 1983 study. These barriers include: 

• identification of the "decision-making elite 

• identification of the most influential members of the "decision-

making elite" 

• changes in membership of the "decision-making elites" 

• identification of individual "decision-making elite" roles 

• past experiences of the "decision-making elite" 

• trial stage barriers 

• adoption criteria barriers 

• external negotiation barriers 

• time barriers 

• personal risk barriers 

• company resource barriers 

• Identification of the 11 decision-making elite. The rest of the bar

riers offered are dependent upon overcoming this first barrier. It 

is important to identify and define the members of the "decision

making elite" in order to persuade them to adopt a new technology. 

The most influential members of the "decision-making elite" should be 

identified as soon as possible, which will require early interaction 

with the group. There is no simple method for identifying members of 

the "decision-making elite". Unless OBCS has some internal contact 
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or has dealt with the company before, it will take a lot of effort in 

terms of reviewing literature to identify potential adopters and 

later in conducting telephone interviews or mail surveys to determine 

who within the company make up the "decision-making elite". 

• "Decision-making elite 11 influencers. Different members of the 

"decision- making elite" possess varying amounts of influence and 

power over the group as a whole. If these influential members are 

not accessible or known to OBCS, adoption of the technology will be 

more difficult. OBCS should make attempts to identify the most 

influential members of the "decision-making elite". Once these 

people are convinced of the technology•s viability, they may persuade 

other members that the technology has potential and value to the com

pany. Unfortunately, it is often difficult to identify the 

"decision-making elite" let alone the most influential member(s). 

• "Decision-making elite'* changes. Members of the "decision-making 

elite" may change from time to time, causing difficulties in the 

transfer of information to the correct people. These shifts in the 

"decision-making elite" may also result in a change in evaluation 

criteria for new technologies. Some method of tracking these changes 

over time would be beneficial to OBCS. One tracking method is to 

keep in close contact with at least one member of the "decision

making elite" so that changes in members can be easily recorded. 

• "Decision-making elite" role barriers. An assumption is often made 

by the producer of a technology that the person with whom they have 

the most contact is the primary decision maker. Often this is not 

the case, and the criteria used by this contact may not be consistent 

with the criteria used by the "decision-making elite" as a whole. 

Therefore, the producer may not be stressing the correct information 

to the overall group. This is a difficult barrier to overcome since 

this information is not easy to obtain. A survey of manufacturers 

might be conducted by OBCS to more clearly identify selection cri

teria of the individual decision-makers and h!J.'I this criteria differs 

according to that person•s position in the company. 
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• Past experiences of the "decision-making elite". Another barrier 

deals with past experiences of members of the "decision-making 

elite". If an influential member of the 11 decision-making elite" has 

had a negative experience with a similar product or technology~ or 

even in dealing with government offices, he may decide to reject the 

technology and attempt to persuade other members to do the same. If 

the OBCS is unaware of these past experience biases, the information 

required to reduce the decision maker's risk will not be conveyed. 

• Trial stage barriers. Technology adoption will be more difficult if 

potential adopters are unable to try a product. This is a major bar

rier to OBCS technology adoption since there is no product. There is 

often no opportunity to try or even see the technology. Therefore, 

the trial stage of the adoption process is eliminated, increasing the 

risk for the potential adopter. Earlier interactions with potential 

adopters during the adoption process can greatly reduce barriers to 

acceptance. By actively involving potential adopters in the product 

development process, a relationship can be developed between the two 

parties and potential adopters can be moved forward in the develop

ment process with reduced barriers. The technology is, in effect, 

being tried! OBCS can facilitate the adoption process by committing 

resources (time, information, etc.) to help the potential adopter 

move through the adoption process. 

• Adoption criteria barriers. Potential adopters may be unsure of what 

the evaluation criteria to use regarding a new technology. As a 

result, the risks and pay-offs of adoption are unclear since the 

technology is so distinctly different from other options the company 

might have. Evaluating criteria will require a large amount of 

information search. Therefore, OBCS should assist potential adopters 

since it may be difficult for them to assess the risks and payoffs 

associated with adoption of a complex technology of which they have 

little understanding. These adopting companies may initially see the 

risks and problems of adoption rather than attractive payoffs. They 

may also lack the capabilities or resources to evaluate the technol-
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ogy properly. Therefore, the more information OBCS can provide 

regarding technical, economic, and marketing aspects of new technol

ogies, the more likely it will be adopted. 

• External negotiation Barriers. The "decision-making elite 11 may 

reject a technology on the basis of some criteria that may have been 

negotiable. For example, the "decision-making elite" might reject an 

OBCS technology because of some misunderstanding regarding the tech

nology that was discussed with one member of the "decision-making 

elite". Well developed negotiation skills are essential to the 

adoption process. OBCS must able to negotiate clearly and to be 

flexible to the unique needs of potential adopters. 

• Information and Risk Barriers. At some point in the adoption process 

an important member of the "deci si on-making elite" may perceive a 

major risk in adopting the new technology and may reject it 

altogether. The decision-maker may not seek information to solve 

this risk if there is another viable option. OBCS needs to keep in 

contact with potential adopters. In situations where distributors 

are closely involved with and may be affected by the adoption of a 

new technology, they often have a strong influence on potential 

adopters. Information should be provided to these distributors about 

the new technology, and an effort should be made to facilitate 

negotiations between potential adopters and distributors. 

• Time barriers. It often takes a considerable amount of time to 

evaluate a new technology. During this period, shifts in priorities 

for the "decision-making elite's" time may occur and the decision may 

be put off indefinitely. Because of time constraints, "decision

making elite" groups may reject technologies with which they are 

unfamiliar and about which they take the most time to acquire infor

mation. OBCS should be cognizant of these shifts. 

• Personal Risk. The adoption of a technology may for some reason pose 

a personal risk to a particular member of the "decision-making 

elite". This risk may be due to a change in job scope or personal 
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power and influence, so the person may try to deter acceptance of the 

technology. This would be difficult for OBCS to assess. 

• Company resource barriers. Certain potential adopting companies, 

especially smaller ones, may not have the financial resources to 

adopt or even to provide for a careful assessment or evaluation of a 

new technology and, thus, may adopt a simpler technology. Since the 

adoption of many OBCS technologies would involve substantial commit

ments of resources by the adopting company, it may be wise to focus 

on fewer potential adopters so that financial assistance may be 

available. OBCS may want to focus resources on early adopters. 

There are certain buyers that have a higher likelihood of adopting a 

technology. Marketing efforts should be conc~ntrated on these com

panies to most effectively utilize resources allocated to attract 

potential adopters. Early interaction with potential buyers should 

he 1 p identify who the ear 1 i er adopters might be. Roger A. More 

listed some characteristics often used to identify early adopters. 

They are: 

• small and stable 11 decision-making elite'' 

• effective i nte rna 1 communication 

• high expected payoff for adoption 

• low risks associated with adoption 

• experience with developer 

• easy adaption of new technology to present product/process 

• past record of technologically innovative actions 

• accessible "decision-making elite" 

• non-politicized decision process. 

This list, while not exhaustive, is a beginning in the identification of the 

early adopters. 

3.5.2 Barriers to Innovation in Large Companies 

Large firms, because of their access to financial resources and to large 

R&D departments, are often the targets for information transfer regarding new 

technologies. Attempts to gain support for the adoption of technology are 

usually focused on these larger companies. There are, however, certain 
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negative effects and inhibitors to innovation associated with large companies. 

This section deals mainly with innovation developed within the firm. However, 

since these barriers inhibit the overall innovativeness of the company, the 

firm may also be less receptive to new ideas and technologies developed outside 

the company. 

A large firm's access to resources is a benefit to innovation. However, 

the mere size of these resources may impede management's ability to encourage 

innovation (Klavans, Shanley and Evan 1985). In large corporations, the struc

ture, controls and reward systems may limit the interests of individuals to 

narrowly-defined functional activities and short-term outlooks on the future 

(Klavans, Shanley and Evan 1985). Large firms are generally faced with a 

dilemma. The need for individual entrepreneurs to bring vitality and new ideas 

to the firm must be fostered, but formal structures and controls are required 

to maintain and coordinate ongoing activities (Klavans, Shanley and Evan 1985). 

Obstacles to successful corporate innovation relating to bureaucratic and 

managerial practices of U.S. companies were discussed by Mcintyre {1982) and by 

Mendell and Ennis (1985). Two major criticisms made by these authors are an 

over-reliance on objective financial measurement tools and a limited outlook on 

the future by companies. The 11 obstacles mentioned in the studies are as 

follows: 

• large corporations often foster a resistance to change 

• innovation may threaten current successes 

• the corporate hierarchy produces conservative subordinates 

• product/market boundary charters at times preclude innovation 

• organizational politics may lead to compromises that make innovation 

attempts less successful 

• the separation of power in a large company may cause a .. weakest link" 

constraint on innovation 

• larger firms often emphasize short-run efficiency 

• the rotation system often used to train managers may instill a short

run perspective 
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• large organizations sometimes get excited only about "big" 

opportunities 

• marketing departments of large firms often follow rather than lead 

the market 

• large companies often rely on acquisitions for growth 

OBCS should be aware of the barriers that deter innovation in large com

panies. Simply because a company is believed to have the financial resources 

required to adopt a technology does not mean it will happen. OBCS should keep 

in mind that intermediate size firms may be likely candidates for technology 

adoption since they may not be as susceptible to some of these "bureaucratic" 

barriers to innovation. 

3.5.3 Barriers Encountered in the Implementation of Industrial 

Process Technology 

Once a technology, usually of the process type, has been adopted by top 

management and the decision has been made to integrate the technology into the 

production system, there are often certain markets within the firm that must 

accept the technology in order for it to be successfully implemented. These 

internal markets are sometimes not consulted in the adoption decision (i.e., 

are not part of the 11 decision-making elite"), The higher on the organizational 

level that the technology is perceived to have potential, the greater the like

lihood of adoption. However, the closer the technological information is to 

the end users or those that would be involved in continued research or in its 

use, the greater the probability of implementation. 

Successful implementation involves all levels of management and staff sup

port. It is important for OBCS to understand the problems that industrial 

adopters will have when trying to implement new technologies. This section 

will discuss some of the challenges that management must overcame if companies 

are to efficiently implement new technologies. Ideally, OBCS would identify 

those individuals or groups within the company whose acceptance is most criti

cal to an innovatian•s success. OBCS would also want to determine when and how 

to approach these individuals, and with which strategies. Unacceptance of the 

technology by lower-level management and staff is nat uncommon, especially if 
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it will change the status quo or skills required by personnel. This opposition 

may become apparent when staff are initially approached with the idea. How

ever, if these people are not consulted, the opposition may not become apparent 

until after the decision has already been made by upper management to implement 

the technology. 

It is important for OBCS to recognize these potential problems since they 

may impede the market penetration of a new technology - even after it has been 

accepted by upper management. The sort of innovation that causes the greatest 

disturbance is usually of the process versus product type. The most common 

reasons for opposition to a new technology are fear of loss of skills or power 

and the absence of an incentive in terms of personal benefit (Barton and Kraus 

1985). These reasons will be discussed below. 

• Fear of Loss of Skills. Many new process technologies, especially 

those involving automation and the reduced need for specialized 

manual skills, will have strong opposition. Workers with hard-earned 

manual skills would be displaced by automated systems and would need 

to be retrained in another skill. These skills are often less 

attractive to the workers because they involve mundane routine 

res pons i bi 1 iti es such as "button pushing". Unions supporting these 

workers may introduce opposition to the new technology. 

• Fear of Loss of Power. The foremen and supervisors of these new 

systems have often worked up through the ranks and understand the old 

system well. They may pose resistance to the new technology if the 

change challenges their position and authority. If they feel that 

they 1 ose cant ro 1 with the i nt rodu ct ion of the techno 1 ogy, they wi 11 

undoubtedly not favor it. A good implementation plan would try to 

identify these areas of potential loss so that solutions could be 

found (Barton and Kraus 1985). 

• Personal Benefit. New technologies must offer clear advantages over 

their replacements or there is little incentive for potential users 

to adopt them. The potential benefits and rewards of the system must 

be apparent if the costs to the users (financial, convenience, the 

need to learn new skills) are substantial (Barton and Kraus 1985). 

3.39 



These benefits might include expanded influence over work, increased 

value of work (no in-process inventory), greater recognition (being a 

part of the implementation team), solution to a problem, and preser

vation of jobs. 

3.5.4 Summary and Implications 

Section 3.5 proposed a number of potential barriers to successful market 

penetration of OBCS technologies. These include barriers in the adoption deci

sion process, barriers to innovation in large companies, and barriers encoun

tered in the implementation of industrial process technology. Individual mem

bers of the 11 decision-making elite 11 often possess different adoption criteria, 

different uncertainties, different information needs, and different attitudes 

toward risk. 

This section discussed numerous barriers in the adoption decision process. 

Barriers to innovation in large firms may be difficult for OBCS to overcome 

because they are inherent to the essence of many large companies. However, 

they provide a basis for understanding why large firms with great potential for 

technology adoption have not done so. OBCS may also be able to identify ways 

to avoid these barriers. The implementation of process technology is often 

faced with barriers within the firm, especially if the process will change the 

status quo of skills required by lower level management and staff. The most 

common reasons for opposing new technology are fear of loss of skills or job 

and the absence of an incentive in terms of personal benefit. OBCS should be 

aware of these potential problems and should assist adopting companies in find

ing alternatives and solutions to prevent these barriers from impeding 

adoption. 

The above are just a few of the barriers that new technologies face. They 

provide a basis for understanding why superior new technologies do not gain 

acceptance by manufacturers who must further develop and market the technology 

to end consumers, or integrate it into their production process. Potential 

ways to overcome the barriers to adoption of innovations by manufacturers are 

as follows: 
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• become involved in the manufacturer 1 s adoption process 

• define and identify the manufacturer 1 s buying/decision-making center 

• focus efforts on the most influential member(s) of the ~~decision

making elite 11 

• develop a method for tracking the 11 dec;sion-making eliteu 

• focus resources on early adopters 

• identify early cash flow opportunities in the adoption process 

• enhance negotiation skills 

• assist the potential adopter in assessing technology payoffs and 

risks 

• gain support from certain distribution channels 

• understand barriers to innovation in large firms 

• focus on all sizes of companies 

• help adopters of industrial process technologies overcome potential 

implementation barriers. 

3.6 SUMMARY AND CONCLUSION 

Numerous factors both internal and external to the firm seem to influence 

the potential for adoption of technology by manufacturers. This chapter pro

vided a general discussion of corporate innovation methods and concentrated on 

the internal factors of the company and their implications to OBCS. Topics 

included; patterns of corporate innovation, technology diffusion, decision

making processes in new product/technology adoption and selection criteria, 

corporate innovation strategies, motivators to the adoption of new technol

ogies, and barriers that may impede technology adoption. 

The main reason that companies fund the development of new technology is 

because they believe that the resulting product or service will bring financial 

prosperity to the company. Most innovations have occurred in response to 

market needs or demand and have originated within the company, usually by the 

R&D department. 
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A company • s innovation strategy ( 11 technol ogy push 11 or 11 demand pull 11
} wi 11 

influence its receptivity to innovations at different stages of R&D. Depending 

on the company•s innovation strategy, different departments possess greater 

influence in the innovation decision-making process. Therefore, the type of 

information and information recipients targeted by OBCS will depend on the com

pany•s innovation strategy. The overall orientation of the industry towards 

innovation will also have an influence. 

Companies normally consult a number of individuals from different depart

ments of the organization, termed the "decision-making elite," in order to make 

important corporate decisions. These departments often include finance, R&D, 

marketing, production, manufacturing, and engineering. Each department has a 

different set of importance criteria used to judge a technolJgy. The CEO 

usually has the final say in the decision, with other members possessing dif

ferent amounts of influence. The attitudes of these decision makers and the 

CEO towards risk and change will influence the adoption decision. Some com

panies have developed elaborate screening methods to evaluate new products. 

Information regarding methods to screen new technologies for potential adoption 

by manufacturers would be useful to OBCS. 

Barriers that may inhibit successful market penetration of OBCS technol

ogies exist at all stages of technology diffusion. Barriers i_n the adoption 

process, barriers that are present in the large companies, and barriers encoun

tered in the implementation of process technology can all inhibit market pene

tration. Once potential barriers are identified, strategies can be developed 

by OBCS to overcome them. 

Few studies have been conducted that focus on a company•s decision-making 

process in regards to technology development. Even fewer have focused on tech

nology adoption or joint development of a new technology. Few studies have 

studied the barriers that may market penetration of OBCS technologies, especi

ally in regards to initial technology adoption by one or a small number of 

companies. These topics deserve further study by OBCS. The specific questions 

that might be answered are discussed in more detail in each section. 
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4.0 RESIDENTIAL INTERMEDIATE MARKET OF BUILDERS 

Once an energy-related technology has been accepted by manufacturers and 

is available in the marketplace, there are two distinct markets for the result

ing product. The first is the end consumer {discussed in chapter 2) who will 

actually use the product in the home. The other market, which we wi 11 label 

the intermediate residential market, is composed of organizations and individ

uals that make purchasing decisions for many end users. This market includes 

builders, contractors, architectural firms, rental property owners, and other 

organizations. An interesting feature of the residential intermediate market 

is that it includes individuals who will probably never ultimately pay for the 

energy consumed by the products they purchase. 

It is important to distinguish between end users and the intermediate res

idential market because the interests and desires of these two groups can be 

quite different. While end consumers are often interested in long-term reduc

tion of energy costs, the interests and benefits sought by the residential 

intermediate market are often more variable and complex. 

As with end residential consumers and manufacturers of energy-related pro

ducts, there is little research available on purchase criteria and other topics 

related to the residential intermediate market. However, limited information 

was available regarding builders• purchase criteria, decision making process, 

associated risks, and information sources in North Carolina. This enabled us 

to gain some insight into the residential intermediate market of builders. 

Builders must consider installation requirements, design alterations, and 

building code requirements posed by the new product. They must have some know

ledge of residential demand for energy-related products. The adoption of 

energy related technologies by builders is triggered by some factor either in 

market demand, competitive position, or awareness of opportunity gained by 

participation in educational or incentive programs, public interest groups, 

trade associations, or government (Kaiser, Marsden and Burby 1982). 
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4.1 CURRENT SITUATION 

A large portion of the energy consumed in the U.S. is consumed by equip

ment and appliances in homes originally purchased residential intermediates 

such as speculative builders or rental property owners. In fact, 40% of all 

major appliance purchases are made by builders. This percentage is probably 

even higher for furnaces and central air conditioning systems which are nearly 

always built into the building (Science Applications, Inc. 1982}. 

The energy crisis of the 1970s prompted concern and awareness about energy 

issues and resulted in the demand for more energy-efficient products and fea

tures in homes. Recognizing this demand, builders increased construction of 

energy-efficient homes. A survey conducted by Professional Builder magazine in 

1985 found that ninety percent of the builders contacted (out of a total of 

426) stated that the current models of homes are more energy-efficient than 

houses built five years ago. In addition. 70% said that current homes are more 

efficient than homes built just three years ago (Professional Builder 1985). 

4.2 TYPICAL ENERGY-EFFICIENT FAILURES ADOPTED BY BUILDERS 

Builders use a variety of methods to increase energy-efficiency in homes. 

The most popular method is to use ceiling insulation, followed closely by the 

use of wall insulation (Professional Builder 1985). New technologies for win

dows have been adopted by many builders, especially double glazing (81%). 

Triple glazing was used by 15% of the builders contacted, and 25% of the build

ers have adopted windows that incorporate solar films or co~tings (Professional 

Builder 1985). 

Builders anticipate that the new breed of super-efficient furnaces will 

attract potential home buyers• approval and therefore adoption by the building 

industry. In new homes. 77% of the builders contacted in the Professional 

Builder survey currently include furnaces with annual fuel savings of 80% or 

higher. Information on builders• perceptions of different types of heating 

systems and their opinions of new building concepts or technologies would be 

valuable. 
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4.3 THE ADOPTION OF ENERGY FEATURES BY BUILDERS 

Adoption of energy-efficient technologies is risky for intermediaries. In 

the construction industry for example, builders introducing solar design fea

tures in homes assume large risks because of added costs and demand uncertain

ties. When adding unfamiliar features to a house, design features must be 

altered by hiring specialized design professionals and/or new sub-contractors, 

new building code specifications must be met, and, most importantly, buyers 

must be willing to pay the added cost of these features. 

A change in current practices may also affect the builder•s image. Con

sumers have form perceptions of builders related to the type and quality of 

homes they expect the builder to construct. By adding energy conservation 

features such as solar heating to homes, a builder may be perceived as an 

innovator in the construction industry. However, if these features are not 

seen as being cost effective or desirable to buyers, then the homes will not 

sell and the builder•s image may suffer. Usually, strong evidence of consumer 

demand for intermediaries to change familiar and efficient building practices 

is necessary. This poses a problem since builder perceptions of consumer 

demand often fail to keep pace with the actual desires of the market {Stern and 

Aronson 19B5). 

To intermediaries, energy efficiency becomes important only to the extent 

that purchasers or renters consider energy conservation in their decisions to 

purchase or rent. Since energy efficiency is only one factor in this decision, 

and because it is difficult to determine efficiency levels of products in 

advance, purchasers or renters may not express concern when making decisions 

(Stern and Aronson 1985). Therefore, home building firms may spend extra money 

for brand name kitchen appliances because, to prospective buyers, this indi

cates the quality of the home (Quelch and Thirkell 1978). The same building 

firms will be much more concerned with low price and quick delivery when pur

chasing an item that prospective buyers rarely examine, such as a furnace. 

A 1982 study by Kaiser, Marsden, and Burby consulted North Carolina home 

builders to gain information on past, present, and future construction prac

tices as well as factors influencing the adoption of energy-saving features in 

homes. The study involved a 60 minute "in-person" interview of 100 randomly 
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selected home building companies across the state. The response rate of the 

survey was 73%. Although this study is dated, it addresses motivational issues 

affecting a builder's adoption of energy technologies. Even if the outcomes of 

these decisfons vary over time, the motivational factors affecting them prob

ably remain fairly constant. The remainder of this section will outline the 

research findings of the Kaiser, Marsden, and Burby study (1982). 

4.3.1 Initial Stimuli for Adding Energy-Efficient Features 

Understanding the reasons or stimuli that prompt builders to initially 

consider adding energy-conservation features to residences is important. This 

understanding can help identify potential market penetration strategies for new 

technologies. Marsden, Kaiser, and Burby explored this question in their study 

(1982). Builders of single family homes were asked, in an open-ended fashion, 

what caused them to consider using energy conserving features in their most 

recently built house and, in general, what factors affect the use of energy 

conservation features in their market. 

Overall, the study showed that builder attitudes and knowledge regarding 

energy conservation do not seem to influence behavior. Rather, cost and market 

factors play the main role in stimulating the adoption of energy conservation 

features. This implies that builders must first recognize a fairly large 

demand for energy-efficient homes in order to justify the added costs and risks 

associated with these features. Although this study was limited to North 

Carolina builders, it provides some insight into the motivational factors 

affecting the nationwide residential intermediate market. 

Marketing and Cost Factors 

Builders (68%) emphasized that market and cost factors were most important 

(see Table 4.1) in stimulating them to consider using an energy-saving feature, 

and were the most important factors affecting the use of features in their 

building market. Two-thirds of the respondents indicated that either one or 

both of these factors were the original stimuli in most recent houses. A 

larger percentage of builders, 84%, stated that either one or both of these 

factors best explain the overall use of energy-conservation features by 

builders in their market area. 
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TABLE 4.1. Stimuli To Consider Putting Energy Features Into New Houses 

Stimulus Category 

Marketing ( 11 Sales." "Customer 
Demand, II 

11 Consumer Desires II) 

Cost Factors (mostly cost 
of energy) 

Awareness/Knowledge of energy
conservation features 

Technical efficiency 

Government regulations 

Builder ethics, pride 

Other miscellaneous stimuli 
(none greater than 4 percent) 

Percent of Bui 1 ders 
With respect to 
Their Own Most 
Recent Specula-

tive House(•) 
(n = 76) 

36 

32 

21 

17 

5 

7 

26 

Who Cited Stimuli 
With Respect to 

Builders in 
General in this 

Market Area(b) 
(n = 100) 

41 

43 

25 

NA 

15 

6 

16 

{a) Question: What was it that caused you originally to consider using 
{energy feature in most recent house)? 

(b) Question: What do you think are the major factors that affect the use 
of energy-conservation features by builders? 
Source: Adopted from Kaiser. Marsden and Burby. 1982. 

Builders view the use of energy conservation features as part of their 

conservative. adaptive. economic behavior rather than an innovation in the 

sense of creating a new product for expansion into new markets. Their motiva

tion is "to maintain adequate sales and marketability of their {type) houses" 

(Stern and Aronson 1985). 

A close link exists between cost and marketability factors. Cost consid

erations. both in terms of initial cost and operating costs, are key factors in 

determining whether the home is marketable and whether or not the energy saving 

features will be included in the home. 
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Since market and cost factors seem to be the most important stimuli for 

installing energy-efficient features in new homes, information regarding these 

factors should be provided to builders. Specifically, an estimated initial 

cost and operating cost of the new feature should be provided since builders 

may use these costs as the primary determinant of marketabi 1 i ty. 

Awareness and Knowledge Factors 

The awareness and technical knowledge of energy conservation features 

ranked third behind cost and marketing factors as stimuli for installing energy 

conservation features in new homes (see Table 4.1). For 21% of the builders 

surveyed, these factors were cited as important in their most recently built 

speculative home, while 25% cited it as important for builders in general 

within their market area. 

High proportions of builders surveyed stated that they are aware and 

concerned about the energy situation: 61% thought that the need to conserve 

energy is serious and 68% believed that people do not have the right to consume 

as much energy as they can pay for. 

Builders in the study seemed to have mixed knowledge about causes of heat 

loss. These opinions include: 

• Eleven percent of the builders answered incorrectly that, in a home, 

windows are a larger source of heat loss than are floors and walls. 

• Forty-seven percent of the builders answered incorrectly that adding 

ceiling insulation is usually more effective than improving infiltra

tion around windows and doors. 

• Sixty percent of the builders were unaware that the addition of a 

conventional fireplace will not reduce the heating requirements in a 

typical North Carolina home. In reality, it is a source of heat loss 

if operated in conjunction with the normal heating system. 

These findings indicate that builders may need to be educated in the causes of 

heat loss. A larger study of builders conducted by OBCS may provide a better 

indication of builders' knowledge about energy conservation. 

4.6 



Interestingly enough, Kaiser, Marsden and Burby (1982) found that greater 

knowledge of the causes of heat loss and gain did not lead to an increase in 

the use of energy conservation features in new homes. Also, there is no evi

dence that builders with strong positive attitudes toward energy conservation 

are more likely to use energy-saving features based on past behavior. 

Size and Price of the Home 

Kaiser, Marsden and Burby 1 s study (1982) found that size and sale price of 

speculative homes are important factors in the decision to use energy-saving 

features. Although only half of the builders identified price as an important 

factor, it was clear from the analysis of comparisons between the number of 

conservation features and house prices that price does make a difference. Over 

twice as many energy-saving features had been added to the over $55,000 houses 

than to the under $55,0000 houses. This probably occurred because the cost of 

adding energy-saving features to a lower priced house is proportionately more 

than adding those same features to a higher priced house. 

For technology transfer purposes, OBCS may want to segment builders by 

average size and price of homes constructed. Since builders of larger, more 

expensive homes currently incorporate more energy-efficient features, they may 

be more aware and receptive to information regarding new energy-efficient fea

tures. Builders of smaller, less expensive homes may be less aware of new 

energy-efficient features and also less receptive to new technology informa

tion, even though their homes may pose the greatest potential for energy con

servation savings. 

4.4 DECISION CRITERIA FOR SPECIFIC ENERGY-EFFICIENT FEATURES 

Besides asking builders about the initial stimulus that prompted them to 

consider installing an energy-efficient feature, Kaiser, Marsden. and Burby 

(1982) also asked about the decision criteria used in deciding to incorporate a 

specific energy feature. 

was the main factor. In 

As in the 11 initial stimulus 11 question, market demand 

fact, it was mentioned by nearly 90% of the builders, 

and over half felt it was the single most important factor in their final 

decision, see Table 4.2. 
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TABLE 4.2. Decision Criteria Used in Making Final Decision About Use of an 
Energy Conservation Feature 

Decision Criteria 

Consumer demand, interest, 
acceptance 

Performance reliability 

Availability 

Ease of installation 

Cost in comparison with 
a 1 ternat i ves 

Degree of change from other houses 
company was building 

Use by competition 

Willingness/unwillingness of 
subcontractors to participate 

Building regulations 

Profit margins 

Others 

Percent of Builders (n = 75) 

Used as a Most 
Criterion {Perhaps Important 

Among Others(a) Criterion ( b l 

89 47 

69 28 

40 1 

40 0 

36 4 

28 1 
27 0 

24 0 

20 8 

19 1 

23 9 

(a) Question: Thinking back when you were deciding whether to use {NAME OF 
FEATURE), which of the following factors did you consider in making up 
your mind about it ? 

(b) Question: Again, thinking about the factors you considered in deciding 
to adopt (NAME OF FEATURE), which factor was the most important in your 
decision? 
Source: Adopted from Kaiser, Marsden, Burby. 1982. 

The second most important criterion was performance reliability. It is 

interesting that builders are concerned with the performance reliability of the 

feature even though they will probably never use it themselves. Performance 

reliability was ranked even higher than availability and ease of installation, 

both of which are much more specific to the builder. The builders may possibly 

feel more comfortable doing business with a manufacturer they know and trust. 
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Also. the implication is that the builders surveyed may be quite concerned with 

their reputations or images as discussed earlier and possibly about potential 

after-construction maintenance. 

4.5 INFORMATION SOURCES FOR ENERGY-EFFICIENT FEATURES 

Sources used to create awareness of energy conservation products in the 

residential building industry and sources of information used by builders to 

make final decisions regarding energy-saving features are the focus of this 

section. Potential sources include written material as well as personal con

tacts. Examples include trade journals, magazines, trade associations, certain 

companies, and individuals. 

These sources of information are important because they influence the 

adoption of energy-related technologies in several ways. First, by creating 

awareness on the part of the builder, the message may induce the builder to 

consider including the particular energy-saving feature in a house. Once the 

builder is aware of the feature and its benefits, he/she may evaluate the 

information according to some decision criteria in order to decide whether or 

not to include the feature. If the energy feature is still in the initial 

stages of development by OBCS and is not yet available in the marketplace, OBCS 

should provide the preliminary information to builders as well as manufac

turers. If the technology looks viable to builders, they may express an 

interest to manufacturers and thus provide manufacturers with some demand for 

development of the technology. 

Builders perceive that the credibility of certain information sources is 

greater than that of other sources. Builders refer to these credible sources 

and to those believed to contain the most useful information. These sources 

may themselves induce builders to incorporate certain energy conserving fea

tures in homes. If these sources can be identified, OBCS may be able to influ

ence the adoption of energy technologies in this market. Kaiser, Marsden, and 

Burby {lg82) attempted to determine which of the information sources listed by 

manufacturers was statistically related to the use of energy-efficient features 

actually included in houses (see Table 4.3). 
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TABLE 4.3. Suilders 1 Use of Sources of Information About Energy Conservation 
Features and Their Influence on Adoption 

Independent Varli!!ble: 
Source of 1 n formaT I on 
AbouT Energy Conser
vaTion FeaTures 

ElecTrlT ~TII!Ty 
Company c 

Suppliers 

Popular magazine, TV, 
Newspaper 

Consumers{c) 

Trade publicaTions 

Seminars and meeTings 
on energy 

SubconTractors 

Federal government 
publications 

National AssoclaTion(c) 
of Home Bul lders 1 

Handbook on Energy 

STate governmental 
officials 

Local governmental 
officials 

OTher bul lders 

Consultant enqlneers 

Books 

Architects 

Gas uTiliTy oompi!!ny 

Percent 
of Sample 
U•log tho 
Source(bJ 

(n =100) 

79 

57 

67 

61 

60 

59 

59 

" 
5I 

50 

46 

45 

45 

43 

41 

40 

DependenT Variable: 
Number of Features Used(a) 

Energy Thermal ToTal 
Efficient Efficiency Number of 
Equipment FeaTures FeaTures 

NS{d) 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

·" 
.28 

NS 

NS 

.27 

.23 

·" 
NS 

NS 

NS 

NS 

NS 

.24 

NS 

NS 

NS 

NS 

NS 

NS 

·" 
.22 

.21 

NS 

.24 

NS 

NS 

NS 

NS 

NS 

NS 

·" 
NS 

NS 

NS 

NS 

.35 

.35 

.22 

(a) The figures In the table are Kendall's Tau. 
(b) Question: Here Is a list of possible sources of InformaTion abouT energy

conservation features. For each, I want you to Tell me wheTher or not 
you used It during The pasT year In finding out abouT energy conservaTion 
features you would Include In the houses you hi!lve bul IT. 

(c) Sources bul lders rei led on mosT In mi!!klng their tina I decisions about The 
use of energyNconservi!ltlon fei!!Tures. 

(d) NS =Not statistically significant at the .05 level. 
Source: Adapted from Kaiser, Marsden and Burby. 1962. 

As shown in Table 4.3, builders relied on a variety of sources to obtain 

information on home energyNconservation features. These sources include elecN 

tric utility company, suppliers, other builders, seminars and meetings on 
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energy, and certain government officials. The sources relied upon most in 

making the final decision were the electric utility companies, consumers, and 

the National Association of Home Builders' (NAHB) Handbook on Energy. 

Forty percent of the builders surveyed stated that they used all of the 

information sources offered, and 10 of the 16 sources were used by over half of 

the responding builders. Although the electric company, TV, popular magazines, 

newspaper, consumers, and trade associations were sources used by at least 60% 

of the builders, their use was not found to be statistically related to the use 

of energy-efficient features in new houses. In fact, suppliers were the only 

commonly-used source showing any statistical significance. 

The information sources that appear to be most related to whether or not 

energy-efficient features are included in new homes are used by only a minority 

of builders when compared to other sources. Books, architects, gas utility 

companies, and the National Association of Home Builders' Handbook on Energy 

were all used less often than a number of other sources, yet were found to be 

more strongly related to actual use of energy-saving features. The credibility 

associated with these sources may be the reason for this correlation. 

Information obtained from state governmental officials {type not men

tioned) was used by 50% of the builders and was found to be statistically 

related to the number of energy efficient features used by builders. Federal 

government officials were used as a source by a larger percentage (51%) of 

builders, but this was not found to be statistically related to actual adop

tion. Local government officials were used less often than eithei~ federal or 

state officials. 

4.5.1 Information Desired by Builders 

Kaiser, Marsden and Burby (1982) also asked builders what kinds of infor

mation they needed to make decisions about the use of energy-efficient features 

in new houses. Ten percent of the builders stated that they already had all 

the information they needed about energy efficiency in housing. The 

information most frequently mentioned was: 

• information about the cost implications of energy-conservation 

features, including the cost added by using a feature (added cost 
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over using other features), and the operating cost savings expected 

to result from the feature (to be experienced by the homeowner) {34%) 

• information about building product characteristics including their 

reliability and effectiveness (34%) 

• information on consumer demand for energy conservation features (9%) 

• information about solar energy (9%) 

• availability of one reliable source of information about energy in 

housing (4%). 

It is interesting that only 9% of the builders stated that information on 

consumer demand for energy conservation features was needed to help make deci

sions regarding the use of energy-efficient features in new homes; yet this 

factor was a major motivator to adoption by these sarre builders. This may 

occur because builders predict no difficulty in acquiring this information 

through their own personal information networks, and they may not view certain 

other consumer demand information sources as credible. 

The use of such a wide range of information sources by builders regarding 

the use of energy-conserving features in new houses makes it difficult to 

develop an efficient, overall strategy for influencing the adoption of energy

efficient technologies by builders. This is especially true since the infor

mation sources used by the majority of builders do not seem to be the ones 

most related to actual adoption of energy-efficient features in new homes. 

However, it is possible that information could be provided differently from 

these sources to better affect actual adoption rates. 

Based on this information, OBCS may want to target the most effective 

sources of information, such as the NAHB handbook, and supplement the approach 

with a general widespread effort using other sources in order to reach the rest 

of the builders. Also, a different type of approach or message delivery mech

anism might be explored to better influence the less effective media sources. 

The information contained in the widespread approach may refer the builders to 

a more credible (or successful) source such as the NAHB handbook. 
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Since builders refer to governmental officials for information regarding 

energy-conservation features, OBCS may want to promote some sort of program 

to disseminate information from these sources. State governmental representa

tives in particular, because of the significant correlation between builders' 

use of these sources and actual adoption of energy-efficient features installed 

in houses, may be important vehicles for promoting the adoption of energy tech

nologies. OBCS may want to make information on specific energy-efficient resi

dential products available to builders through State Energy Offices . 

Once an energy technology is offered to builders by a manufacturer, the 

manufacturer must be confident that there is adequate demand in the residential 

housing market for the product (or the product would not be marketed). There

fore, the manufacturer will also provide builders with information regarding 

consume r demand for the technology. 

4.6 SUMMARY AND IMPLICATIONS 

The adoption of energy conservation.features by builders is an important 

step in the market penetration process of certain new OBCS technologies. The 

adoption of a new feature is not easy for builders, the consumer must be will

ing to pay the extra costs (this is an added risk for builders), current and 

familiar construction practices may be altered, new material suppliers and 

subcontractors may need to be consulted, and information regarding the feature 

may require consultation by the builder. Most importantly, builders must 

recognize a fairly strong residential consumer demand for these features in 

order to install them in new homes, especially speculative homes. Builders 

rely on a number of sources to obtain information about energy-efficient fea

tures for new homes. However, builders' motivation for seeking this informa

tion depends on the importance they believe consumers place on these features. 

Figure 4.1 illustrates the adoption process of energy conservation features by 

builders. 
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Initial Influences on the Decis ion 
to adopt an Energy-Efficient Feature: 

• Perceptions of consumer demand 
for energy-efficient housing 

• Cost of energy 
• Awareness/knowledge of 

Ener3y-conservation features 
• Technical efficiency 
• Government regulations 
• Builder ethics/p ride 

HOW 

ENERGY 
EFFICIENTr 

Decision Criteria Regarding 
a Particular Energy-Efficient 
Feature: 

• Consumer demand for feature 
• Performance reliability 
• Availability 
• Ease of installation 
• Cost (verses alternatives) 
• Degree of change from norm 
• Use by competition 
• Subcontractor participation 
• Building regulations 
• Profit margin 

FIGURE 4. 1. The Adoption Process of Energy-Conservation Features by Buil ders 
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5.0 RECOMMENDATIONS FOR FUTURE STUDY 

This study provides a basis for understanding the adoption and diffusion 

process of energy-related technologies in three residential oriented markets; 

end consumers, manufacturers, and intermediate markets such as builders. How

ever, important information is currently lacking on all three markets in a num

ber of areas important to OBCS. These areas center around: 1) the adoption 

decision-making participants, criteria, and processes, 2) barriers to adoption, 

and 3) influence channels. Based on the finding of this study, it is 

recommended that OBCS: 

• conduct a geographically stratified survey of each of the three 

OBCS market areas of end residential consumers, manufacturers of 

energy-related technologies, and intermediate residential markets 

such as builders, architects. and engineers. Focus group sessions 

could be held to gain insight into the types of questions that should 

be asked in the survey. 

Information obtained from this survey could be used to help promote successful 

market penetration of OBCS technologies. Specifically, this information could 

be used to: 

• develop a technology transfer/commercialization plan to promote mar

ket penetration of new OBCS technologies based on the results of the 

survey 

• better determine each market segment 1 s role in the diffusion process 

of new energy-related technologies 

• segment markets by participants 1 potential to be innovators and focus 

on those segments which appear most likely to adopt new energy 

technologies 

• concentrate resources on those technologies which seem most likely to 

be commercially successful 

• develop information strategies that will effectively appeal to the 

consumerS 1 level of decision-making and focus on those attributes 

that consumers perceive as most important 
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• cultivate those attitudes which would encourage investment in energy

related technologies. One way in which to develop desirable atti

tudes is by using self-perception based persuasion techniques 

• develop strategies to overcome or lessen the impact of the barriers 

encountered in the adoption and diffusion process 

5.1 DETAILED INFORMATION NEEDED IN THESE THREE OBCS MARKET AREAS 

Additional information needed in each of the three major market areas was 

enumerated in previous chapters and is consolidated below. Most of this infor

mation could be obtained from the survey recommended in Section 5.0 (above). 

Residential End Consumers: 

• determine characteristics of each OBCS technology being con

sidered for commercialization to ascertain its potential for 

successful market penetration 

• determine which attributes of an energy-related product the con

sumer is attaching more importance to when evaluating product 

alternatives 

• evaluate consumers' post-purchase behavior to determine their degree 

of satisfaction with an energy-related product 

• determine consumers' optimal discount rates and payback periods for 

energy-related technologies and compare this ratA to the expected 

payback period of OBCS technologies. The payback period may vary 

depending on different energy technologies and different consumer 

segments 

• understand the specific consumer attitudes related to their pur

chasing intentions towards energy investments 

• identify consumer choic~ heuristics utilized during an energy-related 

purchase decision 
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• determine consumer influence channels and information sources 

• define barriers which consumers face when making energy-related 

investments 

Manufacturers: 

• identify characteristics of firms that are most related to adop-

tion potential. These character1stics may include; size, financial 

position, apparent corporate bus1ness and innovation strategies, past 

adoption behavior, size and scope of R&D department, etc. 

• identify selection criteria for technology adoption used by manu

facturers. If these selection criteria vary widely among manufac

turers, segment the manufacturers according to similar character

istics of firms 

• categorize OBCS technologies according to their stage in the R&D pro

cess in order to target technology transfer or commercialization 

partnership information to the companies that are potential adopters/ 

partners for technologies in that stage of R&D 

• determine potential barriers encountered by manufacturers that might 

deter technology adoption 

• identify new product/innovation idea sources both within and outside 

companies 

• obtain information about manufacturers perceptions of government 

(DOE) sources of new product/technology ideas 

• determine the type of partnerships or arrangements most preferred by 

industry for technology development or adoption 

• determine the department(s) within an organization that are likely to 

have an influence in the decision to adopt/not adopt a new technology 

• determine differences 1n new technolo·JY selection criteria depend

ing on the decision-makers• role in the company 
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• identify formal or informal methods used by organizations to screen 

new technologies and ideas 

• identify manufacturers 1 influence channe 1 s and information sources. 

Intermediate Market of Builders: 

• determine estimated initial and annual operating cost of OBCS tech

nologies that are likely to be accepted by builders 

• determine the amount of residential demand for an energy related 

product that is required before builders will install such a feature 

in a speculative home 

• identify builders 1 influence channels and information sources 

• segment builders by average size and price of homes constructed to 

deliver appropriate messages regarding new technologies 

• identify the specific builder attitudes that are most related to 

energy-related purchase intentions 

• define barriers that may deter builders from adopting an energy

efficient feature so that strategies to overcome these barriers can 

be developed 
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