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EXECUTIVE SUMMARY AND RECOMMENDATIONS 

The Research Utilization Program was conceived as a far~reaching means for 

managing the interactions of the private sector and the federal research sector 

as they deal with energ.v conservation in buildings. The program emphasizes a 

private-public partnership in planning a research agenda and in applying the 

results of onqoinq and completed research. 

The results of this task support the hypothesis that the transfer of R&D 

results to the buildinqs industry can be accomplished more efficiently and 

quickly bv a systematic approach to technology transfer. This systematic 

accroach involves targeting decision makers, assessing research and infor

mation needs, prooerlv formating information, and then transmitting the 

information through trusted channels. 

PURPOSE 

The ouroose of this report is to introduce elements of a market-oriented 

knowledqe base, which would be useful to the Building Systems Division, the 

Office of Buildings and Community Systems and their associated laboratories in 

managinq a private-public research oartnership on a rational systematic basis. 

This report presents conceptual models and data bases that can be used in for'llu

latinq a technology transfer strategy and in planning technology transfer 

oroqrams. 

SCOPE 

This report presents the results of the Feedback and Evaluation Task of the 

Research Utilization Program. For this task, Pacific Northwest Laboratory 

examined the structure of the builrling industry and its practices, particularly 

the diffusion of knowledqe and innovative technology. These topics are not 

covered exhaustively; however, sufficient information is presented to establish 

a knowledge base that supports a rational and systematic approach _to technology 

transfer. Other elements of this knowledqe base are being addressed by the Oak 

Ridqe National Laboratory. 
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In this task, a pro forma model of the decision process for planning, 

desiqninq and constructing buildings was developed. The model was applied on a 

test basis to a limited portion of the building industry. Also, preliminary 

investigations have been conducted of the structure of the building industry, 

the mechanisms available for technology transfer, and the decision environment 

in which technology is adooted. 

In the following sections, the investigations undertaken in the Feedback 

and Evaluation Task are surmnarized by chapter. 

CHAPTER 2: DECISION PROCESS MODEL 

A conceptual model was developed for mapping tl1e interactions of energy 

conservation opportunities, decision participants :md decision criteria. The 

model places these interactions in the context of the sequence of events occur

ring in the planning, design, construction and occupancy of a building. 

The decision process model provides a structure for locating energy conser

vation opportunities that occur throughout the pha·;es in a building 1 s life. 

For particular energy conservation opportunities, ·~he model helps to identify 

key decision makers so that information can be tarqeted to the aopropriate 

audience. In addition, the criteria used in makinq those decisions are identi

fied so that information packages can be tailored to meet the needs of decision 

makers. 

The model is a ol anninq tool for identifying tilrget audiences for informa

tion transfer. Because no precedent exists in the literature, the model was 

created through extensive field investigations. I·:s structure and format were 

developed through numerous reviews and modifications by industry, university 

and laboratory oersonnel. 

Preliminary inferences can be drawn from the r1~sults of these field investi

gations: 

1 The process of selecting or rejecting an enerqy-savino technology involves 

multiple decision makers. 

viii 



1 Many decision participants have effective "veto power 11 over the adoption or 

use of a conservation technologv. 

1 The builrling owner appears to be the single qreatest influence on energy 

efficiency investment. 

• Patterns in the orocess of adopting an energy-saving technology can be 

identified by modeling the interactions of conservation opportunities, key 

rlecision participants and decision criteria. 

1 Adoption patterns differ for various combinations of building ownership, 

building use and contracting/construction mode. 

1 Financial, technical and aesthetic criteria appear to be more important 

than enerqv efficiency in building design. 

CHAPTER 3: A SEGMENTATION OF THE USERS OF BUILDING ENERGY 

CONSERVATION RESEARCH 

The term "user" refers to firms and individuals who could potentially use 

the results of energy conservation research in planninq, designing, construc

tinq and operatinq builrlinqs. The user seqmentation describes the actual 

composition of distinct qroups of industry decision makers. The segmentation 

scheme is based on functional business areas (i.e., architecture, engineering, 

finance, etc.). Data and information are presented on the number of firms, 

their dollar business volume, their geographic distribution and other parame

ters for each industry seqment. 

The segmentation can be used either by itself as a source of ~arket plan

ninq information or in conjunction with the' decision process model. The major 

divisions of the segmentation (comprised of industry segments) correspond with 

the decision particioant types identified in the decision process model. 

Therefore, if the decision process model is used to identify decision partici

pants for a given energy conservation opportunity, the industry segmentation 

can provide details on the corresoonrlinq qroups of firms and individuals in 

the industry who actually mal<e those decisions. 
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The information on user segmentation is useful in several ways: 

1 lndustry•s fraqmentation and size can be effectively dealt with by target

ing information to well-defined industry segme,1ts. 

1 Industry segments to be targeted can be identified by applying the decision 

process mode 1. 

1 Information targeting can be more effective wht~n geographic and demographic 

factors are overlaid on functional industry seqments. 

CHAPTER 4: TRANSFER MECHANSIMS AND THE DECISION ENVIRONMENT 

In the discussion of the decision environment, factors affecting the choice 

of mechanisms to be used in technology transfer ar1~ desc-ribed. First, several 

transfer mechanisms are identified. These mechanisms fall broadly into three 

categories: 

media mechanisms: mechanisms that provide the means for communica

ting information through written, audio and/or 

visual images. 

policy mechanisms: mechanisms that provide incentives for energy 

conservation through ·institutional arrangements. 

R&D process mechanisms: mechanisms that facil"itate the transfer of 

information through user involvement in planning, 

monitoring and evaluating research. 

This chaoter discusses conditions necessary fm· information to effectivelv 

change decision makers• behavior with regard to technology adoption. It high

lights environmental factors that affect the transfer of technology to the 

orivate sector. Key ooints of that discussion inc·lude the following: 

1 Those who first use new technology appear to enphasize noncost-related 

criteria in their decision process. 

• Multiple sources of information tend to re-enforce a new technology•s 

credibilitv. 
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1 Impersonal transfer mechanisms {written or media) appear to be imoortant in 

producinq the awareness of a new technology. 

1 Actual adoption of new technology appears to require "people to oeoole" 

information exchange. 

1 Credibility of information sources and media appears to be higher for 

technologies in which little new untested information is transmitted. 

• Traditional information sources may be relatively less effective in trans

mitting information during the early stages of the introduction of new 

technology. 

1 Different transfer mechanisms become effective as decision makers progress 

throuqh stages of increasing awareness and interest. 

• Occupants or end users of buildings usually must demand energy conservation 

measures before decision makers will incorporate them. 

• R&D on the reliability of a concept is crucial for its adoption. 

RE COMMENOAT!ONS 

The following recommendations result from PNL 1 s examination of the building 

industrv and its practices. 

l. The usefulness and validity of the decision process model needs to be 

assessed beyond the preliminary application described in this report. 

This assessment could be conducted in a workshop settinq with industry 

practitioners and other experts providing input data required to model 

additional building types. A workshop would give industry the opportunity 

to review the model and PNL would be able to observe generalized decision 

patterns that could helo to simplify the model. 

2. Effective information targeting will require further development of the 

user seqmentation: 

-A computerized data base of industry firms should be created. The data 

base should have sort capability on parameters of interest, such as 

buildinq type specialty, dollar business volume and geographic location. 
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The data base would be based on the user segmentation and should be 

constructed to interact with the decison process model and the data base 

of building industry broker organizations created by ORNL. With this 

interaction~ groups of firms could be target~d individually~ directly or 

through broker organizations. Market penetration could also be tracked, 

which woulrt allow someone to identify areas •,.,rhere further efforts should 

be concentrated. 

- Concurrentlv, further research needs to be conducted on each industry seg

ment in three areas: industry leadership, p·"ooensity to innovate and 

business practices relative to the state of the art of building techno

logy. This research would enhance the value and sort capability of the 

computerized data base, resulting in a powerful tool for identifying 

target audiences. 

Industry Leadershio -Research on building industrv leadership would 

focus on identifying those firms whose practices and specifications are 

emulated by others in the industry. This re·;earch could lead to the most 

efficient and effective way to demonstrate emerging technologies by work

ing through industry leaders. 

Prooensitv to Innovate - This research would focus on identifying demo

graPhic and othe.,. factors indicative of innontive behavior in firms. 

Knowing these characteristics would help in identifying industry leaders 

who are most likely to be receptive to adopting innovative technologies. 

State of the Art -This research would characterize each industry seg

ment in terms of firms' oractices concerning the state of the art in 

building technology. This characterization I'IOUld be presented as a 

distribution of firms, with firms leading the state of the art on one end 

and those lagqinq on the other end. Knowing this distribution in rough 

quantitative terms would help define the content and format of informa

tion that could have the qreatest imoact in a qiven industry segment. 

4. Transfer mechanisms that affect the R&D process itself--user involvement in 

research, R&D limited partnerships, industry guidance and review panels, 
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etc.~-should be more fullv developed in a topical report. Specific oppor

tunities for their use in the Building Systems Division and the Office of 

Buildings and Community Svstems should be identified. 

5. This report provides the first installations of a knowledge base that will 

improve technology transfer. Further research into technology transfer 

methods is not soecifically covered in the scope of the report, but should 

be pursued as companion orojects. 

- Future technologv transfer planning and execution efforts should be 

technology-soecific. A clear definition of the research products 

available for transfer is required. The creation of an inventory of 

federally develooed design strategies for building energy conservation 

and tools, components and devices would be invaluable. Each product in 

this inventory should be characterized in terms of its commercial 

readiness, market potential and probable adoption. By movinq to 

soecifics, the organization and information presented in this report 

could be better applied and used for olanninq specific technology 

transfer activities. 

A data base of broker organizations in the building industry has been 

compiled by Oak Ridge National Laboratory (ORNL). This rlata base and the 

role of broker organizations in the technology transfer process should be 

integrated into the material covered in this report. The linkages and 

interrelationships with industrv segments should also be specified. 

-An overall integration of the models and data bases under development by 

PNL and ORNL should be undertaken. One vehicle for integration miqht he 

a menu-driven computer planning tool that would include the models and 

data bases identified in this report on an interactive basis. Whatever 

its form, the integration should provide clear planning direction for 

technology transfer, and it should take advantage of the knowledge 

embodied in the models and data bases for each technology and technology 

market. 
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GLOSSARY 

Research Utilization 

A private/public partnership based on two wa_y communications to transfer 

technology that meets the needs of industry and satisfies national objectives. 

Building Enerqv Conservation Decision Process Model 

A conceptual model that maos the interactions of rlecisions related to 

energy conservation opportunities, the participants involved in making those 

decisions and the criteria employed in making those decisions. The oattern of 

interactions changes as a function of three orimary drivers: ownersh1p 

characteristics. occuoancv/use type and contracting mode. 

Enerq_y Conservation Ooportun it i es 

Decision ooints in the building orocess that affect the quantity and/or 

pattern of energy use in a building. These opportunities fall into two broad 

categories: ourelv rlesiqn considerations, and materials/components/equipment 

selection and specification. 

Decision Participants 

Individuals responsible for the planning, desiqn, specification, 

construction and use of a building who have an influence on energy conservation 

oooortunities. 

Energv Conservation Technologies 

The practical applications of knowledge that orovide equal or enhanced end 

use enerqy services with reduced enerqy input. These applications of knowledge 

can be embodied in materials, components and equipment, or in a desiqn strategy 

that integrates them. 

Industry Segments 

Definabl~ qroups of organizations related to the building industry that 

share needs, perspectives and roles in the industry. 

Aroker Organizations 

Organizations that neither directly oroduce nor use R&D results, but are 

oositioned to leverage the resources of both users and producers by maintaining 
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effective conmunications links and by maintaining .:~, sensitivity to the needs of 

both producers and users. 

Transfer Mechanisms 

Methods, media and devices that ootentiate comnunications and technology 

transfer. Transfer mechanisms is a general terms that can be disaqqregated 

into media mechanisms, R&D process mechanisms and policv mechanisms. 

~edia Mechanisms 

Transfer mechanisms that orovide a channel for written, spoken or visual 

conmunications. 

R&D Process Mechanisms 

Transfer mecflanisms that affect modifications ·:o the process of planning 

and executing research such that direct corrmunicat·ion between users and 

oroducers of R~D results is enhanced. 

Policy Mechanisms 

National, stat~ and local oolitical and econom·ic policies that orovide 

incentives to employ advanced conservation technologies. 

Information Packages 

Discrete arranqements of data anrl analysis, the content and format of which 

are consciouslv designed to meet user needs. 

Needs Assessment 

A formal activitv that results in the precise delineation of the R&D and 

infonnation needs of users of R&D. Prooerly done a needs assessment wi 11 

differentiate the needs of each industry segment in the building industrv. 
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1.0 INTRODUCTION 

The Research Utilization Program was created by the Assistant Secretary 

for Conservation, Buildings Systems Division of the Office of Building Energy 

Research and Development, U. S. Department of Energy. The purpose of the 

Research Utilization Program is to promote a systematic approach to technology 

transfer through encouraging and enabling more frequent and clearer 

communications between the private and public sectors. 

The systematic approach to technology transfer is based on four sets of 

acti viti es: 

t Needs Assessment: Determining the research and information needs 

of the users of federal building research results. 

1 Information Development: Transforming raw research results into 

meaningful information packages for specific audiences. 

1 Outreach: Inviting industry participation and disseminating 

packaged research results through appropriate mechanisms. 

•· Feedback and Evaluation: Providing for industry and peer review 

of the RU process and its components and events. 

These generic activities cannot be carried out in a vacuum. The RU philosophy 

recognizes that needs differ according to audience or industry subgroup. 

Therefore, the subgroups. in the industry must be defined. 

It is also recognized that before energy technologies resulting from 

federal R&D are adopted, they must be carefully considered by those who plan, 

design ~nd construct buildings. Therefore, it is important to know how 

decisions are currently made (e.g., how different building types are chosen}, 

who makes them, and what factors are considered. This can provide insight into 

the content and format of information to be presented to decision makers. 

The issue of outreach is also important. To make intelligent choices, it 

is necessary to be aware of the options and the environment. 
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An understanding of decision makers information needs 

an effective, efficient approach to technology transfer. 

report is to provide a base of information to enhance the 

is a prerequisite to 

The purpose of this 

effectiveness and 

efficiency of RU activities. The information in this report is organized the 

following way: 

1 Modeling the decision process -- Chapter 2.0 provides information on 

decision spaces. decision participants. decision criteria, and 

decision process drivers. 

• Defining and characterizing potential users of R&D results -

Chapter 3.0 disaggregates the potential users (the building industry 

and related institutions) into segments and provides data that 

characterize these segments, enhancing the ability to tailor 

information to specific audiences. 

1 Identifying and characterizing effectiv::! transfer mechanisms -

Chapter 4.0 groups and characterizes media channels and other means of 

technology diffusion so that information can be transferred 

effectively. 

The decision process model described in this report was developed by PNL 

with the cooperation of many members of the buildings industry. The original 

version of the model was based on numerous discussions with members of the 

buildings industry and on an extensive review of the literature. The model was 

revised a number of times on the basis of feedback from a variety of industry 

sources. The model was then reviewed by building industry experts at a 

roundtable conference held in December 1984 and sponsored by the American 

Society of Heating, Refrigerating., and Air-Conditioning Engineers. Roundtable 

participants inc 1 uded designers. architects, deve 1 opers, contractors. trade 

associations, trade publishers, manufacturers, building code officials and 

government officials. Based on this review, revisions were made to the 

decision mode 1 . It is anticipated that further ·"ev is ions and refinements wi 11 

be made to this model as it is reviewed by other members of the buildings 

industry. 
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Primary information was gathered to help verify the dimensions chosen for 

the decision process model. This information was collected through a series of 

telephone contacts with buildings industry members including architects, 

builders, building associations, and building component manufacturers. A 

portion of the results of this information collection effort is included in 

Section 3.6. 

The segmentation of the buildings industry and the characterization of 

industry segments were developed using the open literature. This first level 

of development has shown that the buildings industry, while large and complex, 

is understandable. The next level of development would provide further detail 

on each industry segment, preferably at the firm level, so that outreach 

efforts may be directed toward the portion of the industry segment representing 

the greatest business volume. 

A myriad of barriers impede or prevent the transfer of many technologies 

from the laboratory to the commercial market, and a variety of these barriers 

are encountered in the buildings industry. The Energy Division of Oak Ridge 

National Laboratory has prepared an excellent report (ORNL/TM-9630) 

highlighting these barriers that have slowed the introduction of energy

conserving technologies. The Oak Ridge report also presents detailed 

information on the role and strategy of the Research Utilization program by 

highlighting DOE 1 s current technology transfer activities for the buildings 

industry. 
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2.0 THE DECISION PROCESS MODEL 

The RU program focuses on the conservation opportunities realistically 

available to those who own, design, construct or occupy commercial and 

residential buildings. A large number of comolex decisions and actions 

by interacting participants determine the energy efficiency of commercial and 

residential buildings. The motives and interests of these participants vary. 

Some opportunities may not be exploited because of institutional difficulties. 

Others may be foregone because those who make the critical decisions either 

lack comolete, reliable information or because they do not believe the 

information they receive. RU focuses on this latter class of opportunities to 

improve the energy efficiency of the buildings while maintaining/improving the 

quality of services received by those who work and live in them. 

This chapter describes three key dimensions of the decision opportunities 

available to conserve buildinq energy. This chapter also describes the 

conditions of ownersh~p, occupancy/use, and construction/contracting mode, 

which have great impact on the relative importance of the three key 

dimensions. Those factors that affect the relative importance of the three key 

dimensions are called .. decision process drivers 11 in this report. 

The three key dimensions of the decision opportunities are: 

• Decis ion Spaces -When and where do energy saving decision opportunities 

occur during the life (conception, construction, use, and demolition) of 

a bui lding? 

• Decis ion Participants -Who actually makes the decisions (or participates 

in the decisions) at various stages of a building's life? 

• Decis ion Criteria - What factors control and influence decision making? 

The dimensions of the decision process are shown in Figure 2.1. These 

dimensions are discussed in more detail in the rest of the chapter, along with 

the process drivers which affect the relative importance of the dimensions of 

the decision model. 
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FIGURE 2.1. Decision Process Model of Energy Conservation 

2.1 DECISION SPACE 

Enerqy decision opportunities occur throughout the useful life of a build

inq, from the predesign phase into its occupancy/use phase, as shown in Figure 

2.2. Knowing when the opportunities are available can help in the development, 

oreparation and tarqeting of R&D results into useful information packages. The 

decision space, or the oeriod of time in which a given energy conservation 

decision can be made, opens and closes during the building life cycle. 

Reconstruction or adaptive reuse presents opportunities somewhat similar to 

those encountered in new construction (Figure 2.2). 

Evem Descroptlon Tome Frame 

Pre-Desogn Actlvotles c:::::J 
Schematic Desogn D 
Oo!sogn Development c:::J 
Bod Process D 
Buoldmg Construction 

Buoldong Occupancv c:::J 

FIGURE 2.2. Decision Space Energy Opportunities 
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Great opportunities for improving the energy efficiency of buildings 

occur in the design phase since nothing has been constructed, and since system 

components can be integrated at the highest overall level of efficiency. 

Materials and labor savings, olus projected operating cost savings can offset, 

or at 1 east may reduce, the higher in i ti a 1 costs that often accompany energy 

saving technologies. The level of individual oreference and the desired 

aesthetics relevant to the occupancy/use of a building can also be optimized at 

these ear 1 v phases. 

From our discussions with industry we estimate that up to one-third of 

energy conservation equipment specifications are modified in the bid and 

construction orocess. Even if energy conserving features are fully implemented 

in bidding and construction, there are ample opportunities to misuse them or 

fail to maintain them in later phases of building use. Energy conservation 

opportunities may occur as a result of normal building remodeling. 

The following outline displays the phases of a buildinq 1 s life and includes 

some examples of enerqy saving opportunities. The outline may imply that there 

is a straightforward sequence of phases in a building 1 s life. In reality, this 

is frequently not the case. Many buildings skip phases, some buildings repeat 

phases, and Phases frequently overlap. This outline does provide a framework 

for recognizing and characterizing the types of energy saving opportunities 

that are available. 

Phase 

Predes i qn 

Schematic Desiqn 

Desiqn Development 

Bid Process 

Energy Saving Opoortun it i es 

Site selection, building orientation and 

feasibility studies, selection of building massing 

and fenestration schemes 

Preliminary floor layout, building shape and glass 

area 

Lighting, Plumbing and HVAC designs, selection 

of 11 R11 values 

Acceptance or rejection of substitutions, 

alternatives, performance specifications and 

standards. 
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Building Construction 

Building Occupancy 

Adaptive Reuse/ 

Reconstruction(a) 

Demolition (an 

alternative to reuse) 

Use of substitutions to meet critical schedules 

and to substitute for unattainable items. 

Appliance selection and placement - apoliance 

loads now exceed lighting in many offices; 

use of contra ls such .;~.s occupant sensors. 

Many of the decision opportunities listed above 

are available; howeve1~, it may not be as effic

ient to utilize energy conservation technologies 

at this stage as it would be at original design 

and construction. However, unforeseen 

opportunities may ari~;e ad hoc. 

Recvcling or scrappinq of components/materials. 

Each o.f the buildinq phases listed above has a number of associated 

subphases or activities. These activities may be carried out explicitly or 

they may be combined with others. The major decis·ion opportunities for 

improving the energy efficiency of buildings are embedded within these 

subphases and/or activities qrouped below accordinq to building phase. 

2.1.1 Predesiqn Phase 

Ma.ior enerqy saving decisions in the predesign phase include: 

• Deciding on the location 

• Deciding on the size 

• Developing the building program 

• Deciding on the amenity levels to be providE~d 

• Deciding on the 1 evel of financial commitment. 

The predesiqn activities (during which these b:!y decision points are 

encountered) are provided below: 

{a) Adaptive Reuse and Demolition are omitted from Figures 2.1 and 2.2 for 
simolicity; however, both ohases do orovide opportunities. 
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Data coordination: the qatherinq of site data, climatoloqical data, 

tax information, code and zoninq information, etc., for the site and its 

alternatives. 

Market studies (where applicable): the qatherinq and assessment of 

rlemoqraphic and other land use factors necessary to determine whether 

sufficient demand will exist for the services the proposed buildinq can 

supoly. 

Buildinq orogramming: the develooment of a comprehensive description 

of the functions, amenity levels, aesthetic requirements, and soecial needs 

of the orincioal/client, including flow diaqrams of product/personnel. 

Facilities surveys: the assessment of the availability of sewer, 

water, electrical power, rail sidings, and shipoing services, if required. 

Feasibility studies: the comparison of a client's needs (from the 

building program) with the site data and facilities surveys to determine 

whether the site and facilities meet the client 1 s requirements. 

Budqetinq process: the development of rough cost estimates and cash 

flow requirements for energy conservation technologies ami a finance 

availability assessment so that a decision can be made by the orincipal on 

the advisability of moving to the next phase the preparation of the 

schematic rlesiqn. 

2.1.2 Schematic Design Phase 

Ma.ior enerqy savinq opportunities in the Schematic Desiqn Phase are 

related to: 

• External appearance: buildinq orientation and shape, surface 

material, window to wall ratio, external shading, massing 

1 Building layout: HVAC space and thermal mass, floor to floor heiqht, 

ceiling tvoe, conveyances, illumination/daylightinq, space allocation. 

These enerqy saving ooportunities arise in the following schematic desiqn 

3ctivities: 
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Building orogram review: The building proqram will be reviewed and 

revised taking into account the results of the studies of market 

potential, feasibilitv, and the budgeting proCE!SS. 

Finalization and aporoval of the building progr·am: The building 

program is revised several times before it is finalized and aporoved by the 

client. 

Development of a model/elevation drawing: The decisions that affect 

the exterior appearance frequently have a very larqe impact on energy 

efficiency of the building. Some of these decisions include setback, 

orientation, surface to volume ratio, window tc wall area ratio and 

location, exterior shadinq, and floor to floor height. 

Development nf floor layouts and outline SPecifications: This step is 

to let the client know what use can be made of the building - how many 

tenants can he accommodated, as well as the amenity level that may be 

provided. 

Client review anrl approval: At this step, knowledqen.ble clients can 

ask for, and economically obtain, changes that will improve the enerqy 

efficiency and lower the operating costs of the building. Sometimes this 

opoortunity is missed because other criteria are of qreater concern at the 

time. 

:?. .1.3 Des i qn Deve looment Phase 

Ma.ior enerqy saving opportunities in the design development phase include: 

• Internal appearance: windows/blinds, doors, wall finishes 

• Illumination level/lighting efficiency: daylighting controls, fixture 

selection and location 

• HVAC svstem: zoning, sizing of cooling and heatinq systems, air quality 

standarrls, variable speed fans, selection of heating and cooling system 

equioment, integrated or separate controls, overall integration with 

daylighting anrl lighting levels 

• Plumbing: pipe sizes, insulation, waste heat recovery, recirculation 

systems or dearl-enrled systems 
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1 Electrical systems: operating voltages, power factors, appliance loads, 

bus layouts, control scheme for lights 

1 Conveyances: number and o 1 acement 

1 Shell/envelope: structural details, specification 

1 Thermal resistance values specified for walls, windows, doors, etc. 

1 Selection of enerqy sources, fuel types. 

These energy saving opportunities arise in the following design development 

activities: 

Architectural ~rawinqs and specifications: floor plans, window and 

door rletails, and finish specifications 

Structural desiqn: footings and foundations as well as beams, columns, 

stringers, and other structural details 

Mechanical ~esign and specifications and equioment selection: designs 

and specifications for heating and ventilation, plumbing, and escalators/ 

elevators 

Electrical desiqn and specifications: location drawings showinq 

outlets and fixtures and control devices such as thermostats and 

microorocessors for management/operating control systems, and the 

coordination of illumination with daylighting 

Budqet review and aporoval: budget review and approval by the 

client/sponsor. In this phase the nntural tension between capital 

investment and long-term efficiency of the building is most evir1ent. This 

tension is often the overriding factor in decisions affecting the energy 

efficiency of the building. 

2.1.4 Bid Process Phase 

The birl process phase includes the preparation of detail drawings and 

specifications as well as those activities involved in letting the contracts. 

Ma.ior energy saving opportunities in the bid orocess phase include: 

1 Preparing budgets, b1d packages, detail drawings and specifications and 

advertisements that include energy savings features 
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1 Evaluating proposals/selecting contractors who understand energy 

conservation 

1 Negotiating sub st i tuti ons /rood ifying soec ifi cations /fi na 1 i zing contracts . 

Thus~ energy saving opportunities arise in the following bid process 

activities: 

Preparation of detail drawings and specifications: These are sometimes 

neglected or incompletely orepared. Such omissions can result in 

expensive change orders/litigation. 

Budget review and aoproval by the client: Frequently the detailing 

process reveals potential costs that were not previously evident. 

Preparation of bid packages: Adequate care results in lower bids from 

competent contractors/subcontractors. acqu i r i nq energy efficient 

levels within competitive biddinq. 

Advertisement: Allowing adequate time for response is important. If 

the time for resoonse is short, it is regarded as a strong signal that the 

contract orocess is merelv a formality; the ethics of such a practice may 

be suspect. 

Proposal evaluation: This orocess is made eas'er if sufficient care is 

used in the oreoaration of the bid package. tvlany 

will not bid if adequate information is supplif!d. 

that fewer inappropriate or ill-prepared bids are 

unacceptable contractors 

The net result can be 

received. 

Contractor selection: Contractor selection is very important to energy 

efficient building construction. The experienced, energy-committed 

contractor has greater finesse and expertise in employing the necessary 

techniques and materials, integrating them to ~>roduce the desired 

performance levels in an energy efficient structure. For example, less 

difficulty will be encountered in achieving low infiltration rates and 

effective vapor barrier installation if a contractor has had experience 

with technologies that produce these results. 

Negotiation process and modification of specifications: The best 

contractor for the job frequently will bid alternatives or will not propose 

to meet all of the requirements. It is in this phase that many energy 
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efficient concepts are lost because someone bids lower cost alternatives, 

and the alternates are acceoted bv the client. On the other hand, 

contractors experienced in construction of energy efficient buildings mav 

be able to offer very attractive alternatives with the potential of 

improving the efficiency of the buildinq. This staqe of contract negotia

tion shoul~ be viewed as an opportunity, 

Budqet review and approval (bv client) and contract award: This step 

completes the bid process phase. 

2.1.5 Building Construction Phase 

There are many ooportunities to improve the enerqy efficiency during 

building construction or, on the other hand, to lose some of the expected 

benefits specified durinq earlier phases of the building orocess. These 

ooportuniti~s are listed below: 

1 Structural installation methods 

- Insulation 

Air/vapor barriers 

- Door and window systems 

1 HVAC installation techniques 

1 HVAC balancing 

• Plumbing installation techniques 

• Electrical svstem installation techniques 

1 Svstems performance verification 

1 Conveyance installation and control adjustment 

• Inspection/compliance 

1 Modifications for compliance. 

These enerqy saving/loss oooortunities arise rlurinq: 

Materials orocurement: This is the first activity in which plans and 

preferences meet realitv. If the specified enerqy savinq equipment/ 

materials involve deliverv schedules that will delay the completion of 

the project, they probably will not be used. Delays increase costs through 

impacts on working capital, increases in labor and suoervision costs, 

and lost income from rentals. 
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Site preparation, excavation, and installation of foundations and 

footinqs: These activities are often thought of as relatively energY 

neutral, althouqh below-qrade heat losses are likely to he taken more 

seriously as other sources of losses are successfully eliminated and as 

data on the magnitude of the below-grade losses accumulate and are 

disseminated. 

Above-grade structure and shell construction: This activity offers 

considerable challenge to actually achieve desired levels of insulation and 

air/vaoor permeability control. 

Mechanical anrl olumbinq systems installation: These activiti~s are not 

usually thought of as having serious energy impact; however, the hot water 

and steam lines can be large energy losers deoending on routing, layout, 

and insulation effectiveness. 

Electrical wiring, fixtures anrl equipment installation: These building 

svstems have widely differing efficiences, and proper zoning can allow for 

turning off lights when they are not needed. 

Conveyance installation anrl adjustment: Conveyances can be selected so 

that they onerate at very low capacity, or so that part of the equipment 

can be idled during slow periods allowing for qreater energy efficiency of 

the remainder. 

Inspection: These activities, performed hv city, county, and state, 

can insure that institutional orovisions are met. However, most of the 

code requirements relate to health or zoning issues rather than to 

energy efficiency. 

In summary, the contractor can significantly affect the implementation of 

enerqy saving concepts desired by the owner. The advice given b_v the 

contractor during the rlesign, procurement and construction phases is weigherl 

heavilv bv all participants. 
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2.1.6 Building Occuoancy Phase 

Ma.ior enerqy savinq opportunities in the building occupancy phase include: 

1 Thorough inspection and testing by the owner 

1 Acceptance of the buildinq only after performance is verified 

1 Operations and maintenance procedures prolonging the useful life of 

enerqy saving equipment and the integrity of the structure. 

These energy saving opportunities arise in the following building occupancy 

activities: 

Inspection anrl testing bv the owner: The inspections bv the various 

building officials will not necessarilv orotect all the interests of the 

owner. The building officials are oriented (properly so) toward protecting 

public welfare. Tests and inspections beyond those performed by these 

officials are likely to be particularly important to the energy performance 

of the building. For example, the buildinq may be comoleted at a time of 

the year in which there is little stress on the HVAC systems. Since the 

HVAC load is deoendent on the use of equipment by its future occupants, the 

owner should test these systems fully. It is quite difficult to measure 

vaoor oermeability to qive another example of difficulties of testing. 

Acceptance by the owner: The use of energy conserving measures may be 

limited if they delay occupancy. The owner is usually anxious to move into 

the new residence or to have tenants move in. 

Oeoreciation and maintenance: All equioment and facilities beqin to 

depreciate at the moment the building is completed. Physical and legal 

depreciation are. of course, quite different, althouqh they are both 

irreversible and m'IY temporarily coincide for a soecific buildinq. A 

orooerly desiqned maintenance oroqram can slow the degradation of the 

builrfinq and its equioment. Even the best enerqy conservation equioment 

can become inefficiP.nt if it is not maintained oroperlv. 

Leasing and subleasing: The motivations of a tenant are frequentlv 

different than those of the landlord. The relationship between the two can 

be quite complex and may not necessarily provide much incentive/opportunity 

for energy conservation. 
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Modification of partitions and finishes: In la.rqe buildings this is a 

more-or-less continuous process because facility needs chanqe with chanqes 

in personnel and with the chanqinq nature of the business. Enerqv 

conservation concepts which do not accommodate these changes will not find 

widespread application. Unfortunately, originally high standards of 

building performance can quickly disappear dur·ing building modification. 

Recycling of leasinq and modification steps: '"his process offers many 

opoortunities for exoediency, and building performance frequently suffers 

as the building aqes and tenants come and qo. 

2 .1. 7 Arlaoti ''C! Reuse/Reconstruction Phase 

Adaptive reuse is being revived and involves most of the steos previously 

discussed in the above phases, which were illustrated in Figure 2.2. Many of 

the energy savinq opportunities available in new construction are unavailable 

or are made difficult during adaptive reuse or reconstruction. Further investi

gation of the opportunities of this qrowinq field ·is needed. 

2.1.8 Demolition Phase 

Demolition offers few opportunities for energy conservation, although the 

decision to tear down a structure has enormous energy implications. The 

intrinsic energy incorooraterl in materials can be 1·ecovered if they can be 

reused; as materials become more precious, it will become more popular to 

reuse them. Also, there is an increasingly lucrat·ive nostalqia market for used 

windows, doors, and fixtures. Unfortunatelv, some of these antiques are very 

energy inefficient. Demolition sometimes offers q1·eater opportunity for energy 

conservation than attemoting to retrofit the exist·ing building (adaptive reuse/ 

reconstruction). 

2.2. DECISION PARTICIPANTS 

The decision to use or to rlefer enerqy efficient concepts involves or 

affects a number of participants: 1) legal owners/,:inanciers, 2) designers/ 

soecifiers, 3) manufacturers/suppliers, 4) contractors, 5) r_equlators, and 

6) building users. It is possible for these cateqories to include only one 
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individual or one organization, and decisions frequently involve more than one 

of the categories of participants, listerl in Figure 2.1. Thus, the decision 

process model shows the influence of decision participants on the energy 

decisions throughout the phases of the building orocess. 
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FIGURE 2.3 Groups Participating in Decisions 

Decisions in each phase of a building's life are actually shared by manv 

different individuals for a variety of reasons. Some participants are chosen 

because they have soecialized knowledge of the technical area involved. The 

project may be large enouqh to make it practical to subdivide it into tasks . 

The decision may be oerceived to be too unimportant for the principal or chief 

architect. Sharing or rlelegation of decision makinq is very common and adds 

complexity to the task of identifying the key decision makers for a given 

technical advance. 

The list of enerqv conservation decision participants used in this report 

is divided into six basic categories, with each category representing several 

participating interests: 

t OWNERS/FINANCIERS 

- Owner/oroperty manaqer 

- Develooer 

- Real estate broker 

- Lending institution 

t DESIGNERS/SPECIFIERS 

- Architect 

Mechanical engineer 
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Structural engineer 

Electrical engineer 

- Energv engineer 

- Illumination consultant 

t MANUFACTURERS/SUPPLIERS 

- Manufacturer/processor 

- Distributor/dealer 

t CONTRACTORS 

- General contractor 

- Construction/project manager 

- Electrical contractor 

- HVAC contractor 

- Plumbing contractor 

- Roofing contractor 

- Conveyance contractor 

- Specialty contractor (including all other 

subcontractor participants) 

t REGULATORS 

- Zoning aqencv 

- Insoectors of all levels: 

local, state, and federal enerqy 

commission enforcers 

t BUILDING USERS 

- Occupant/lessee 

- Energy manaqer 

- Buildinq/maintenance manager 

The participants in the decision process become involved in one of several 

ways: l) they initiate the request or requirement and aoprove subsequent 

modifications, 2) they consult, providing recommendations/information about 

the enerqy conservation concept, 3) they specify the enerqy conservation 

conceot on the drawings or in the specifications, and 4) they construct the 

buildinq, purchasing and installing the materials and equipment . 
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These participants have different needs and viewpoints which influence the 

way they relate to a new enerqy saving technoloqy. Owners intending to rent 

out the space after comoletion may be far more concerned with the initial cost 

of energy saving technology than with the utilitv bills if the terms of the 

rental agreement call for renters to pay for the utilities. Financing entities 

are always concerned with the potential resale value if they have to foreclose. 

They may see new energy saving technologies as negative factors in resale if 

they escalate initial cost. Architects are concerned with their professional 

reputation and will have to weigh this factor against the probable effect of a 

specific project. Simi 1 ar ly, consultants on the project are concerned with the 

risk to their reputations from advising the use of a new technology. 

The contractors will also be concerned with controllinq and minimizing 

construction costs. Any delays or difficulties encountered with new technology 

will inevitably increase costs and usually will reduce profits. Profits to 

builders are highly sensitive to the overall length of the construction period 

due to the working cap ita 1 they have tied up. If new techno logy adds to the 

lenqth of that schedule, contractors will do everything they can to eliminate 

it, or they will increase their charges accordinaly. 

Participant concerns are included in the decision process model and are 

referred to as decision criteria. Research utilization may be accomplished 

more quicklv if the concerns of participants in the decision process are met by 

the media and mechanisms employed. 

2.3. DECISION CRITERIA 

The decision criteria used by individuals and organizations involved in the 

building industry are divided into four. classes: economic, functional, 

reqional and individual (see Fiqure 2.4). Each decision participant has 

several criteria which control and influence energy conservation decision 

making. 

A svstem was established for classifying each criterion as minor, signifi

cant, or major: 
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Minor - Indicates that the criterion is considered but is not of 

pr imary importance under the identified conditi ons of ownership

~c r. upancy/use-construction. 

Significant - Indicates that th is criter ion i s important to the 

decision maker ( s ) . 

Major - Indicates that this criterion is important to the decision 

maker( s ). 
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FIGURE 2.4 Cl asses of Decision Cr i ter i a 

The criteria for energy decisi ons are: 

t ECONOMIC 

- In itial cost 

- Payback/return on investment 

-Life cycle cost 

- Operatinq cost 

- Sale/ resale ootential 

- Lease potential 

t FUNCTI ONAL 

- Ease of installation 

- Ease of maintenance 

- Ease of ooeration 

- Durab i lity/ re li abili t y 
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- F 1 ex i b il it y 

- Safety/health 

Modularitv: maintenance/expansion 

- Systems compatibility 

1 REGIONAL 

- Cl imatic/qeoqraohic appropriateness 

- Comoliance (codes/standarrls) 

- Style/trend 

- Avail abi 1 itv 

1 INDIVIDUAL 

- Preference 

- Professional reoutation 

- Aesthetics 

Uncertainty in the information available to assess these criteria affects 

the impact of each of the criteria above. Brief descriptions of the manner 

in which the criteria mav be involved in the interactions of an energy 

conservation decision follow . 

Initial cost: Many of the participants are concernerl about the initial 

capital cost of using an energy conserving technology. The owner/resident 

mav choose one technology over another based on relative initial capital 

costs. These costs include the initial capital outlay as well as any 

associated tax credits. 

Cost effectiveness: Many oarticipants decide to use enerqy-conserving 

rather than conventional technoloqies hased on a comparison of their energy 

saving potentials. Several analytical techniques are available for makinq 

this comparison, ranqinq from simple payback analysis to the more 

sophisticaterl life cycle cost analysis including productivity impacts. 

Operating costs: A participant may be primarily concerned with the cost 

of operating a device or s_ystem (e.q . , costs reflected in monthly utility 

bills). 

Resale Potential: The financinq institutions and the builders are 

concerned with building marketability. If the structure has some unique 

features, the future market for the buildinq may be narrow. 
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Lease potential: The parameters of the market audience. 

Ease of installation: In some cases the least expensive device to 

purchase may in fact be the most expensive to install. The device may 

require structural chanqes that would delay the construction schedule, or 

it may require specially trained individuals to install it. 

Ease of maintenance: A svstem should require minimum maintenance; 

lengthy maintenance downtime is very unrlesirable . Additional maintenance

related costs are valid considerations. 

Ease of operation: A system must be easy to operate and require a 

minimal skill, or it will probably not be adopted. 

Durability/reliability: Buildinq systems must be able to operate 

effectively through a broad range of building loads. Only those systems 

that can operate effectively and that are serviceable and durable will be 

used. The tyoe or brand name of the device must carry with it the sense of 

dependability and trust. 

Flexibility: The ease with which change is introduced (such as office 

construction) allows the needs of a variety of clients to he met. 

Safety/health: To minimize a buildinq owner's liability, a device or 

system must not be a fire hazard or otherwise dangerous to the buildinq 

occuoants. 

Modularity: The selection of a technology may be based on being able to 

exoand the size of the system with the size or use of the building . For 

instance, ohotovoltaic modules can be added in small increments as a 

building's energy consumption increases over time. Another consideration 

is modular caoabilitv to reduce maintenance rlowntime. 

Systems comoatability: If a desirerl or requested system is not 

compatible with interacting systems, it may not be effective and 

functionally efficient. 

Climate: Several climatic factors in the preparation and design of a 

building depend uoon geographic location. 
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Compliance (codes and standards): The decision to use or to reject an 

enerqy technoloqy will be based upon compliance with local, state, or 

federal restrictions, along with other considerations. 

Stvle/trenrls: Styles/trenrls in buildinqs and buildinq technoloqy vary 

from reqion to reqion. 

Availability: The system or device must be readily available from a 

reliable distributor. Any delay in receiving the device will cause delays 

in building completion. 

Preference: Individual requirements and choice. 

Professional reputation: A system with a known name or one that has been 

frequently used in the past is often preferred over a new, unknown 

svstem. Decisions to use a new technology that differs from the status 

quo are made by owners, desiqners, or builders. Often, these decisions are 

made with some rleqree of professional risk. Thus, judgment plus task 

performance is essential. 

Aesthetics: An item may be chosen based solely on its attractiveness. 

For examole, a specially desiqned 1-1indow may have more eye appeal than a 

conventional window. 

It i~ imoortant to understand that not all of these criteria are relevant 

in every phase of a building's life, nor are they of equal importance to every 

decision participant. The siqnificance of a criterion depends upon both l) the 

person or persons responsible during any given phase in a buildinq's life and 

2) the combinations of ownership, occupancy/use, and contracting/construction 

mode (i.e., "decision process drivers"). These orocess drivers are important 

in designinq technoloqy transfer initiatives. 

2.4 DECISION PROCESS DRIVERS 

DP.Cision opportunities appear to follow patterns that varv with building 

ownership, occupancy/use and contracting mode. These parameters, called 

r:lecision process drivers, may affect ti1e selection of RU strateqies. These 

drivers were identified during industry discussions. 
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From our database and the direct feedback from the industry, it appears 

that as the process drivers change, so do the enerqy decisions. The important 

decision process drivers are provided below. Verifving these as the definitive 

categories of process drivers is outside the scope of this investigation. 

2.4.1 Ownership Morle 

The classes of ownershio most frequently described include: 

• Owner/resident: expects to occuoy the structure after it is 

como 1 eted. 

• Owner/nonresident: (1) exoects to lease the building; thus, the 

tenant will likely be responsible for operating, and maintenance and 

utility costs; (2) owner expects to lease building space but will be 

responsible for ooeratinq, maintenance and part or all utilities. 

• Developer/speculator: expects to sell the structure to future 

landlords or occupant/owners. 

• Coroorate/franchise ownership: P.xpects to occupy the premises but 

design and investment decisions frequently are made at corporate 

levels far from the building location. 

Different patterns of ownership (see Figure 2.5) result in different 

degrees of participation in enerqy decisions, and in changes in the negative 

importance of the decision criteria. This suggests that research results might 

be oackaged differently for rlifferent owners. Different ownership patterns 

influence a decision maker•s effectiveness. 

2.4.2 Building Occuoancy/Use Mode 

Buildinq occuoancy/use oatterns can be cateqorizerl broadly into three 

qrouos: resirlential, commercial, and institutional. 

t RESIDENTIAL 

single family 

multifamily, low rise 

multifamily, high rise 
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Resident 

Non-Resident 

Owner in 
PerpetuitY Speculative 

FIGURE 2.~ Ownership Patterns 

1 C0tf-1ERCIAL 

Business, small office and liqht commercial 

Business, large office 

Recreational facilities 

Warehouse, storage 

Retail store, mall, shopoinq center 

1 INSTITUTIONAL 

Federal, state, county, city 

Religious and charitable foundations 

Hospitals and nursinq homes. 

More Likely 

to Invest 

Occuoancy/use modes dramatically affect both the effectiveness of the decision 

participants and the key criteria used in makinq decisions. 

2.4.3 Construction Contract Mode 

The construction contract mode falls into four groups: design-bid-build, 

desiqn-build, neqotiated construction, and fast track/multi-bid oackage. 

• Design-bi~-build is a straiqhtforward orocess in which the design 

activities are initially set forth, a bid process is followed, and then the 

building is constructed by t~e successful bidder. 
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1 Oesign-huild is increasinglv common: this morle eliminates ~ separate bid 

process . The owner is usually further removed from the key energy 

conservation decisions because the contract includes both desiqn and the 

construction tasks. 

• Negotiated construction contract can have the same desiqn activities as 

others but diff ers greatly in the construction phase. Various parts of the 

construction are let to individual contractors on the basis of past 

experience or reputation without accepting and reviewinq multiple bids. 

• Fast - track~ and multiple-bid package jobs (such as multiole sequential 

construction of eight -plex apartments or franchis~ food outlets) i ntroduce 

severa l complexities ~nd variations . It is possible that pre-engineered 

systems, such as in a metal buildinq, are desiqn~ and built with no 

knowledge of what mechanical systems are to be emploved after the purchase 

and erection of the shell . However, the factory built, precut home or 

office building may be completely designed and fabricated and may also be 

suppli~ with appliances and finishes so that all systems are integrated 

and coordinated for on-site construction. There are a number of variations 

of fast - tracked construction and contracting modes. 

These modes can represent many of the variations in designing and contrac

ting building construction typically encountered. The importance of establish

ing the drivers which pertain to any building is that for a specific decision 

process , the targeting of an audience and the selection of a mechanism for 

technology transfer hinge upon the particular modes of ownership, occupancy and 

construction involv~ . 

2.5 DECISION MATRIX 

In the previous sections, dimensions of the decision process ·model have 

been presented. A convenient way of displaying and summarizing the interaction 

of these dimensions is the decision matrix (Figure 2.6) . 

The vertical axis of the matrix lists the building phases from predesign 

through building occupancy. The horizontal axis is a time line that represents 

the timing and duration of each building phase. Next, the various oarticipants 

in the decision process are listed, followed by the criteria they consider. A 

separate decision matrix is completed for each combination of decision drivers 

(i.e., ownership, occupancy anrl contracting media). 
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The involvement of a participant in an energy-saving decision is indicated 

by four symbols A ,e ,. , +, representing an initiator, a consultant, a 

specifier or a contractor. The level of the participant's involvement is 

indicated by the symbol's sharling. The criteria considered by a participant 

are indicated by a single symbol, ~ , and the level of importance is indicated 

by the level of symbol shading. 

The decision matrix example presented in Figure 2.6 is for the followinq 

decision process drivers: 

t Ownership/residence: Investment group/nonresident 

t Building occupancy: Mall to lease for retail and small business 

t Contract mode: Desiqn-bid-build. 

This matrix displavs the major participants involved in the decision to 

adopt or to reject energy- saving technologies for this building. Information 

used to develop this matrix was qathered from contacts with various members of 

the buildings industry. Other combinations of process rlrivers need to be 

examined in future work. 

The information displayed is interpreted by first selecting a buildinq 

event and activitv, such as Schematic Design and External Appearance. Readinq 

across the page, the participants are identified first. For this activity, the 

developer initiates the decision to use an energy- saving technology, as 

indicated by a .A. The architect/engi neer is also involved in an energy-saving 

decision during this activity, but as a specifier (as indicated by a . ). The 

enerqy engineer and the illumination consultant play minor roles rluring this 

activity, participating as consultants (as indicated by a OL 

The major criteria that these participants consider in deciding whether to 

use or reject an energy-saving technology during this builrling activity are 

climate/qeoqraphv, style/trend, preference, orofessional reputation, and 

aesthetics (as indicated by a ~ ). 

This chapter presents a structured model and indicates a methodology to 

help develop tarqeted RU proqrams with the potential of speeding up the 

diffusion of key technology to those who own, desiqn, build, and occupy 

residential and commercial buildings. 
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2.6 A COMPLETED DECISION MATRIX 

While developing the decision process model for the buildinq industrv, it 

was assumed that the decision process was quite complex, that the number of 

participants varied from phase to phase, and that the criteria considered by 

participants were a function of the process drivers. To test this hypothesis, 

data were qathered from the buildings industry, and several decision matrices 

were completed. T~ese data were collected through conversation with industry 

Personnel. The data collected tended to confirm that the assumptions we had 

made were correct. However, some results indicated that some of the decision 

matrices were completed incorrectly. 

When we sorted out the definitional problems, we still retained 

considerable information, which is displayed on the simolified decision 

matrices that follow . Examples of the results are presented in Figures 2.7 and 

2.8. The decision process drivers chosen for this example were: 

• Ownership: 

• Occupancy: 

• Construction 

corporation of professionals 

small office/residence 

mode: desiqn-bid-build . 

For simplicity, only two types of participants are noted in these matrices: 

the initiators are indicated by stars, and all other participants are indicated 

by vertical bars. The importance of non- initiating participants is noted by 

the ~eiqht of the bar, with taller bars signifying greater influence in 

decisions. An emoty cell means that none of the individuals surveyed felt that 

a qiven participant was involved in makinq an energy savinq decision during a 

particular building phase . The nomenclature that was previously presented 

identified a participant as an initiator, a consultant, a specifier or a 

constructor . This may yet be the preferred method for classifyinq the 

participation of individuals. However, we believe that the best method for 

qathering this tyoe of data would be in a workshop setting with building 

industry members. In such a setting, the questions reqarding the proper 

procedure for completing the decision matrix could be answered. 

The criteria used by these participants are also represented by vertical 

bars. Again, the importance of a criterion is desiqnated bv the height of the 

bar. Emotv cells indicate that none of the respondents listed that particular 

criterion as being considered by any particioant for the given building ohase. 
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Research Utilization Project 
Energy Decisions 
and 
Decision Participants 
in the Building Process 

Level of Decision 

M inor Signif icant 

Initiator * 

PRE·QESIGN ACTIVITIES 

Building Program 

ii 
Major 

I 

Ownerahip / Reaidence: Corporation of Professionals / Reaident __ 

Building Occupancy Type: Small Office Bldg / Buainess Residence 

Con11ruction Moda: .: 0 :::e:.:•::ig!.n :.:·:..: B:.:i::d:_·B::.:u~il::d _ __________ _ 

Own/ 
Finance u .. 

lnapection/ Testing / Acceptance by Ownar 

Operation• & Matntananca Procedures 

FIGURE 2.7. Decision Participants Identified As a 
Result of Industry Interviews 
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Research Utilization Project 
Energy Decisions 
and 
Decision Criteria 
in the Building Process 

Level of Decision 

Minor Significant Major 

Decision Criteria 

i I 

Inspection/ Testing / Acceptance by Owner 

Corporation of Professionals / 

Ownership/ Residence: . ::;:R_e_si-:-d;-e::;:n-;-t ;:---::;-;- ~ =--=:-- -:-:-
Small Office Bldg/ Bus Residence 

Building Occupancy Type: 

Construction Mode: Design-Bid-Build 

Economic Functional Regional lndivid 

c: 
.!2 
ii 
; 
Q, .. 
a:: 

FIGURE 2.8. Decision Criteria Identified As a Result 
of Industry Interviews 
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A review of Fiqure 2.6 reveals the importance of the building owner as the 

initiator of enerqy savinq techniques in the predesign and schematic design 

building phases. The owner usually selects the location and the orientation of 

the buildinq , rlecides on the amenity level, and arranges for financing. 

The role of the initiator shifts to the mechanical engineer durinq the 

design development phase. The mechanical engineer usually recommends the 

energy source, the plumbing system, the HVAC system, the conveyances, and the 

appropriate insulation values. The building owner usually decides the internal 

appearance and the illumination levels. Selection of the electrical system is 

usually left to the electrical engineer, and the building shell to the 

architect. The building owner continues to be influential during the desiqn 

development phase bv ~avinq approval or veto power over many decisions. 

The bid phase brinqs the construction contractors into the decision oro

cess, anrl they continue to olay an important role throughout the construction 

phase . The general contractor becomes the initiator during the building 

construction ohase. Each contractor exerts some influence over the rlecision to 

use or to reject an energy- saving device or technique, but the ultimate 

authority lies with the qeneral contractor. In the buildinq occupancy stage, 

the owner becomes the initiator once aqain. 

Fiqure 2.7 shows the criteria considered by these participants at each 

building phase. The emphasis during the predesiqn, schematic rlesiqn and design 

development phases is on economic ann functional criteria, since the building 

owner is the initiator or a major participant in these buildinq phases, and 

since the owner will also be an occupant after the buildinq is completed . . In 

most cases only one or two of the economic criteria listed will be considered 

bv a participant during a buildinq phase. 

Since the architect is a major particioant in the first three building 

phases, individual criteria (orincioallv professional reputation) become major 

considerations. Neither the architect nor the engineer wants to be associated 

with a buildinq that is an "~vesore" or that does not operate properly, because 

of the immediate results and subsequent damaqe to their professional 

reputations. 
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Criteria imPortance shifts towards the functional as the building enters 

the construction phase. Ease of installation, maintenance, and operation are 

of Primary concern to the general contractor and other major participants. 

In the building occupancy phase, economic criteria are once again consid

ered because the owner will eventually become an occupant of this building. 

2 • 7. SUMMARY 

The tiecision to use or reject an energy savinq technology in the buildings 

industry is a very complex process. During any building phase, several partici

pants may be involved using a number of decision criteria. In addition, the 

combination of participants and criteria can change with the decision process 

drivers. 

A model was developed for describinq the relat ionship between the four 

dimensions of the decision process, and a method for displaying this informa

tion was presented. Data were collected from industry representatives, and 

samples of these results were presented in the form of completed decision 

matrices. 

One or more workshops should be conducted in which all participants have an 

opportunity to interact in a forum allowing for clarification of nomenclature 

and concepts. There is no standard nomenclature operating throughout the 

construction industry. Different nomenclatures are used by tradesmen, 

contractors and designers, and reqional differences also are encountered. This 

workshop could help to solve some of the definitional problems encountered in 

work to date. The workshop participants would be carefully selected to 

represent the various participant groups and to ensure that a variety of 

process drivers were represented. 

A key conclusion from this effort is that throughout the life of a 

buildinq, several individuals simultaneously exert considerable influence in 

making specific decisions. Thus, they exert de facto veto power over the 

important enerqy decisions. 
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An examole of how to use the type of information presented in Figures 2.7 

and 2.8 follows. 

Let us assume that it is desired to present information on a new concept 

for saving enerqy that affects the external appearance of a building that is 

owned by a corporation of professionals who will occupy part of the premises. 

The information (see Figure 2.7) will need to qo to, or be readily 

available to, the owners and the architect/engineer. Additional decision 

influences may include the lending institution, the mechanical structural 

electrical and enerqy engineers, the illumination consultant, and the general 

contractor/construction managers. 

A number of concerns will need to be recoqnized and dealt with in the 

information that is supplied about the new concept. These concerns qo far 

beyond that which can be dealt with usinq the usual technical information about 

the life of the surface, etc. The concerns that need to be dealt with can be 

identified by lookinq at the criteria by which concepts affecting the external 

appearance are accepted or rejected (see Fiqure 2.8). 

T~e economic criteria that are most important are the initial cost, the 

operating cost, sale/resale potential and the lease potential. The most 

important functional considerations will be durability/reliability and 

flexibility to meet a variety of future renters' needs. The other functional 

criteria wi l l also be important. All of t~e reqional and individual criteria 

will also be imoortant. All of the listed criteria qenerate concerns that may 

need to be dealt with hefore the new concept is applied! 

There are a number of complex issues involved in selecting the proper 

transfer mechanisms for transferring the information to the decision makers 

shown above and in dealinq with the concerns of these decision makers. These 

issues are discussed in Chapter 4.0. 
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3.0 A SEGMENTATION OF THE USERS OF BUILDING ENERGY CONSERVATION RESEARCH 

The purpose of this chapter is to characterize the users of building enerqy 

conservation research as discrete market seqments , or subsets of the building 

industry. This enables the targetinq of formatted information to appropriate 

and well -defined audiences within the industry . A structure for the segmenta

tion is develooed , and data and information on each segment are presented . The 

relationship between the decision process model and the user segmentation is 

described in terms of how these tools can be synerqistically employed to 

enhance technology transfer. 

The building industry is partitioned into major divisions that correspond 

to the decision maker archetypes specified in the decision process model. This 

structure enhances the utility of the decision process model by associatina 

decision makers with industry groups that influence energy conservation oppor

tunities in the real world. Each division is then further divided into indus 

try seqments. Data to help focus the development and tarqeting of information 

to the appropriate audience are presented for each segment. 

The data presented here represent a beginning rather than a conclusive 

characterization. The data sources in the open literature rarely oresent the 

opportunity to correlate information . Variations in definitions , coverage, 

scooe and accuracy make it impossi~le to inteqrate statistics from disparate 

sources. The structure for di saggregati ng each industry segment has been moti 

vated oartly by the availability of data, and partly by considerations of what 

would be useful to research managers in planning effective technology transfer 

components to their programs . 

Section 3.1 describes the user segmentation as a tool for use with the 

decision process model, and illustrates the advantages of using the segmentation 

to target information. Section 3.2 describes the structure and data sources 

used to develop the segmentation. Section 3.3 and Appendices A and B present 

data and information on each of the user segments. 
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3.1 LINKAGE WITH THE DECISION PROCESS MODEL 

This section describes how to integrate the use of the decision process 

model and the user segmentation in planning technology transfer programs. It 

also describes how the data and information presented for industry segments can 

help narrow the focus of information transfer to the most appropriate audience. 

The segmentation of building energy conservation research users is a tool 

to be used with the decision orocess model. The decision model maps the inter

actions of conservation opportunities and decision makers. The user segmenta

tion details what firms and individuals in the inrlustry comprise a category of 

decision makers. Knowinq this is the first step in defining a soecific audi

ence that can affect the adoption of an energy conservation technology. 

The greatest a~vantaqe of segmenting the industry is that it provides the 

means to focus the targeting of information beyond the first cut of identifying 

decision maker types with broad divisions of firms and groups of individuals in 

the industrv. When fully developed, the user segmentation will provide the 

capability to target information to the most appropriate group of individuals 

for a given energy conservation opportunity. This group would be much smaller 

an~ more manageable in terms of communications than a broad category of 

decision makers specified in the decision process model. 

For example, if the decision model identifies the architect as a ke.v deci

sion participant, the information in the industry segmentation can identify 

architects who are likely to have the most influence on the adoption of a tech

nology. First, the segmentation identifies architectural firms that specialize 

in the building t _ype in which the conservation opportunity exists. Second, it 

locates the area of greatest activity for that type of construction in the 

nation. From this information, tremendous amounts of resources can be saved 

that would otherwise be spent trying to reach all architects. 

The connection between the decision process model and the user segmentat ion 

is that it identifies groups of firms and individual practitioners in the 

building industry that are portrayed in the model as decision makers. The 

advantaqe of segmenting the industrv is that it provides the ability to target 

information to those subsets of firms and individuals that represent the 

greatest potential for adooting energy conservation technologies. 
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3.2 USER SEGMENTATION 

The overall structure of the segmentation is presented in this section. 

Information on the qeoqraohic distribution of firms and construction activity 

and information on the distribution of construction activity by building type 

further defines the structure. This information apolies across major divisions 

in the segmentation. Issues associated with the collection, analysis and 

presentation of data on industry seqments are discussed. 

The importance of segmenting the potential users of building research is 

that each segment performs a distinct functional role in the building process. 

Each segment has different decision criteria, information needs and sources, 

and customary formats. Segmenting the industry allows research managers to 

more sharply focus technology transfer programs. 

3.2.1 Structure and Crosscutting Data 

The major divisions corresponding to decision maker archetyoes in the 

decision orocess model are as follows: 

• Ownership/Development 

• Finance 

• Desiqn and Development 

- Architecture 

- Enqineering 

• Materials and Components Manufacturinq and Supply 

t Construction Contracting 

• Code Officials 

• Building Operation 

• Education. 

A useful framework for disaggreqatinq industry segments within these major 

divisions is by building use type. This allows for more focused targeting of 

information on technoloqies that typically apply to specific building tvoes . 

Detailed information on firms that specialize in certain building types is 

available for major portions of the Design and Development Division. Pro

File, the directory for the American Institute of Architects, provides approx

imate percentage distributions of business volume by building type for each 
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member firm. The membership directory for the American Council of Consulting 

Engineers orovides a similar, though less detailed, breakdown. 

Figure 3.1 provides a means to gauge the relative activity of design profes

sionals and construction contractors accordinq to building use type . The aver

aqe dollar volume of new building construction for the years 1981 through 1984 

is qiven by building use tyoe. This represents appproximately 70% of all new 

construction, the remainder being non -building construction (highways, tele

phone and telegraph, mining structures, sewers, etc.). 

The relative levels of activity shown in Figure 3.1 give a rough breakdown 

of the percentage of activity in each segment . The limitations to using this 

gauge are that the non-building and industrial portions of construction activi 

ty are not included , and that the relative involvement of any given industry 

segment varies from building type to building tyoe. 

~owever, no other data sources were found, other than the membership direc

tories mentioned above, that differentiate firms by the type of buildings they 

rlesign or construct. These limitations can be addressed qualitatively by 

making some reasonable assumptions . It is reasonable, for example, to assume 

that engineering services for industria 1 and some non-bu i 1 ding projects wou 1 d 

be fairly intensive, and that architectural services for those categories wou ld 

be less intensive . For the cateqories listed in Figure 3.1, both architectural 

and engineering services would be less intensive for single unit houses than 

for offices, or other commercial buildings. Non-residential farm buildings 

would be even less intensive . 

These contraints limit the ability to quantitatively disaggregate industry 

segments by building type specialty . However, this does not preclude the 

qualitative application of segmentation by buildinq type. This allows for fur

ther delimiting a target audience. 

A second dimension for disagqregating industry segments is geography. This 

is particularly helpful for prioritizing support for broker organizations such 

as state energy offices, local chapters of national organizations, etc. Poten

tiating the technology transfer activities of local industry associations takes 

advantage of existinq communications channels and trusted relationships that 
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FIGURE 3.1. 1983 Dollar Value Distribution of Construction by Bui lding Type 
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have been established over time. This leverages the impact of federal 

technology transfer resources. Figure 3.2 shows the relative distribution of 

sinqle family dwelling construction activity for 1982 in terms of dollar value. 

States with less than $800,000,000 are indicated by the absence of a bar qraph. 

This graphic clearly indicates that the most intense activity is occurrinq in 

California, Texas and Florida . This allows us to sharply focus the targeting 

of information on those areas that will yield the qreatest benefits. 

Figure 3.3 shows the relative distribution of firms servinq the home

buildinq and remodeling market that received the Sweet•s Cataloq in 1984. This 

is important because Sweet•s is universally regarded by the industry as the 

most comprehensive and authoritative source of information on building mater

ials and products. Sweet•s maintains that it reaches 95% of the business vol

ume in the design division of the industry.(a) The distribution shown in 

Figure 3.3 represents only the large firms because Sweet•s limits its distribu

tion to firms with a minimum business volume. These firms include builders and 

contractors, architectural offices, builders and contractors employing archi

tects, contractor remodelers, remodelers, build ing material dealers, dealer

builders, industrialized building manufacturers, federal, state and municipal 

departments and buying agencies, libraries and schools. States with catalog 

distribution of less than 400 are indicated by the absence of a bar graoh. 

Figure 3.4 shows the relative distribution of construction activity for 

multifamily residential buildings in 1982 by state in terms of the dollar value 

of construction. States with less than $200,000,000 are indicated by the 

absence of a bar graph . Activity is concentrated in Florida, New York, and 

Texas. Data for California were not available in the preliminary statistics 

from the Bureau of Census, although it would probably be a primary target also. 

Fiqure 3.5 shows the relative distribution of firms engaged in the general 

buildinq and renovation market that received Sweet•s Catalogue in 1984. Since 

the residential and industrial markets are listed separately for catalogue 

distribution, this is a good representation of large firms engaged primarily 

(a) Personal communication with Miriam Eldar, Sweet•s Division, McGraw-Hill 
Publishing Company, New York, New York. 
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FIGURE 3.2. 1982 Relative Distribution of Single-Family Residential Construction Receipts 
(U.S. Department of Commerce, Bureau of Census, 1982 Census of Construction 
Industries - Preliminary) 
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FIGURE 3.3. 1984 Relative Distribution of Sweet•s Catalog to the Homebuilding and Remodeling 
Market (Sweet•s Division, McGraw-Hill Publishing Company) 
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FIGURE 3.4. 1982 Relative Distribution of Dollar Volume in Multi-Family Housing 
(U.S. Department of Commerce, Bureau of Census, 1982 Census of 
Construction Industries - Preliminary) 
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FIGURE 3.5. 1984 Relative Distribution of Sweet's Catalog to the General Building and 
Renovation Market (Sweet's Division, McGraw-Hill Publishing Company) 
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in the commercial market. States with catalog distribution of less than 400 

are indicated by the absence of a bar qraph . Included in this distribution are 

architectural offices, architectural and engineering offices, general contrac

ting firms employing architects, contracting companies employing architects and 

engineers, specification consulting firms , building design engineers, consul

ting engineers, enqineerinq and qeneral contracting firms, general contracting 

firms, construction management firms, state and municioal departments and buy

ing agencies, corporate building departments, schools, libraries and plan rooms. 

Fiqure 3.6 shows the 1982 relative distribution by state of employees in 

firms engaged in providing architectural and engineering services. States with 

less than 12,000 employees are indicated by the absence of a bar graoh. Some 

care should be exercised in interpreting this data for three reasons. First , 

many architects and some engineers are not accounted for because they are sole 

proprietorships. Second, these data do not distinguish among building types 

(industrial vs. non-industrial) or between building and non-building construc 

tion. Third, many of these employees are engaged in the design and management 

of foreign construction projects, which account for 15% of billings for the top 

500 design firms (U.S. Department of Commerce 1985). Desoite these limita

tions, this information is useful for indicating where the concentrations of 

desiqn professionals work. 

Figure 3.7 shows the relative growth in number of employees in firms enga

qed in providing architectural and engineering services between 1977 and 1982. 

Since this graphic is derived from the same data used in Figure 3.6, it has the 

same limitations . It is, however, useful for tracking growth in absolute terms. 

3.2.2 Data and Information Sources 

The open literature presents a formidable challenge in gathering useful 

quantitative information at the industry segment level. Data are usually pre

sented at a level either above or below that of the industry segment. Further

more, industrial and non-building construction projects are often lumped in 

with commercial and residential building projects . And finally, the profes 

sional association memberships used include both building and non-building 

construction personnel. 
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FIGURE 3.6. 1982 Relative Distribution of Design Professionals (U.S. Department of Commerce, 
Bureau of Census, 1982 Census of Service Industries - Preliminar~) 
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FIGURE 3.7. Relative Growth of Professionals Employed by Firms Engaged in Providing 
Architectural and Engineering Services, 1977 to 1982 (U.S. Department of 
Commerce, Bureau of Census, 1982 Census of Service Industries - Preliminary) 



The data presented in Aopendices A and B have been agqregated from the U.S . 

Department of Commerce , the Bureaus of Industrial Economics and the Census, and 

the open literature. Some data from these sources have been extraoolated and/ 

or interoolated to derive information that is useful in characterizing industry 

segments. 

Throuqh its catalog file, Sweet's Division of McGraw-Hill Publishing Com

pany maintains a vital transfer mechanism by linking building products manufac

turers with the design community that specifies building materials and 

oroducts. Quantitative information on Sweet's Cataloq distribution is presen

ted in Apoendix C for two reasons. First, as men t ioned in Section 3. 2.1, the 

cataloq reaches 95% of the dollar volume in the desiqn division of the indus

trv. This comprehensive coverage qualifies its distribution as a good indica

tor of qeographic distribution of business. Second, Sweet's segments the 

desiqn communitv differently from both this study and the U.S. Department of 

Commerce. This segmentation structure can provide additional insight into 

information tarqeting in some cases. 

The Uniform Construction Index (UCI ) provides an organization for the mate

rials and components of manufacturing and supply divisions but provides no data 

on the firms that comprise this division. The American Institute of Archi

tect's (AlA's) Masterspec system and the orqanizat ion of Sweet's catalog are 

variants of UCI. This index does show the extent to which each segment in the 

materials and comoonents division could be further disagqregated, which might 

be helpful in tarqeting information on very specific research results. 

A statistical data base on portions of the bu i ldings industry is maintained 

by the U.S. Department of Commerce, Bureau of the Census. This data base is 

valuable for tracking the construction contracting segments of the industry . 

The materials and components manufacturing and supoly segments of the industry 

in this data base are classified according to the Standard Industrial Classifi

cation (SIC). While this structure aqqregates production of goods in ways that 

do not reflect the way the industry perceives market divisions, the quality and 

comprehensiveness of the data make it useful. 
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A final primary data source is the U.S. Department of Commerce, Bureau of 

Industrial Economics (BIE). Most of the information in Appendix A is derived 

from 8IE's Industrial Outlook series and from the Bureau of Census' Census of 

Construction Industries (preliminary). These data are organized as follows: 

• Number of establishments: Establishes a reference ooint for the 

extent of coveraqe necessary to achieve full market penetration for 

pertinent information. 

I Number of establishments with 20 or fewer employees: 

indication of the size distribution of firms. If the 

Gives some 

typical firm in 

the industry segment is small, the tarqeting of information is simpler 

than if the typical firm is large and comolex. 

1 Percent of industry shipments accounted for by 4 largest firms: 

Gives an indication of the concentration in an industry segment. 

If the level of concentration is high (as it is, for example, for the 

qlass manufacturing industry segment), the most effective strategy is 

to target information directly to the largest firms. This allows for 

an economy of federal resources for technology transfer. 

1 Total emoloyment: Provides a bench mark for the number of 

individuals who must receive and understand information on research 

results to achieve full coverage. This statistic must be tempered by 

the fact that not all employees in a given industry segment have the 

authoritv to exercise influence over energy conservation decisions. 

• Value of industry shipments: Especially vis-a-vis other industry 

segments, these data provide a reference for the relative business 

influence over the decision making process exerted by the 

industry segment. 

1 Value added: Provides a reference for wages and salaries paid 

in an industry segment. 

1 Major producinq states: Provides an idea of geographic concentra

tion of an industry segment, allowing for better targetlng of infor

mation, particularly if state and local broker organizations can he 

employed to leverage federal resources. 
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3.3 USER SEGMENTS: DATA AND INFORMATION 

This section orovirles statistical data and information on trends and market 

factors that imoinae an ways to effectively tr~nsfer information to specific 

segments of the buildings industry. Each subsection ma_y be regarded as an 

introduction to the segmentation within a ma.ior industry division. TI-Je pre

vious ~iscussions on the distribution of firms according to buildina use tYPe 

and accorr1inq to qeoqraphy qenerall_y aooly to each segment described below. 

3.1.1 Ownership/Development 

Owners are nearly always the strongest potential influence over decisions 

that affect energv conservation opportunities. Their actual influence varies 

not only with the factors soecified in Fiqure 2.5, but also with the number of 

princioals that compose the ownershiP function, and with their personal degree 

of involvement in the building process. 

Building owners ~re the most diverse grouo in t~e industry, ranging from 

corporate entities to professionals to investors. 

illustrated bv the following sunmarv prepared for 

Administration (Booz, Allen and Hamilton 1985). 

Education 

This diversity is 

the Federal Energy 

• Highly diverse: ~th grade to PhD, technical and non-technical 

• Masters degrees in business and finance most common 

1 Generallv the larger the ownershio, the greater the education. 

Exoeri ence 

1 Highly diverse 

1 Varies with size of ownership 

1 On the average, related exPerience tends to increase with company 

size. 

Operational Methods 

1 Varies with size of ownershiP, buildinq type, size and use, and 

number of tenants 

1 On the average, division of labor increases with comoany size 
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• Ooerational functions include: 

oeneral manaqement 

administrative and legal 

finance 

marketinq 

production . 

Professional Methods 

• Relate to operational functions and include: 

technical guidance 

technical expertise 

earn i nqs I income 

new business opportunities 

• Degree to which he or she relies on outside expertise (either within 

his or her own firm or by contractors) varies with company size and 

magnitude of holdings. 

Developers' potential influence varies bv the deqree to which the_y have 

invested in the project. Developers are an independent qrouo whose overriding 

ouroose is to broker the elements necessary to create a building in resnonse to 

a oerceived neerl. Their independence is evidenced hv the nature of their 

service, anrl bv the fact that, rlespite their inclusion as a reporting category, 

limited data are available from the Census of Construction Industries. 

The following industrv seqments are included in the ownership/development 

division: 

• coroorate owners 

• owners with commercial franchises 

• operative builders 

• other owners 

• commercial developers 

1 real estate brokers 

This taxonomy is not fullv developed rlue to a lack of data on the various 

owner tvoes. Real estate brokers are included here because they directly 

represent building owners, and hecause they can influence energy decisions by 

assessing the salability of a building. 
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Coroorate Owners 

This segment refers to corporations, stereotypically large corporations, 

that own and operate significant real estate holdings. These are distinguished 

from other segments because they usually employ in-house staff to plan, design 

and develop their buildings. Corporate decision making is more formal and 

complex than other situations. Several levels of management might be 

involved. Large corporations typically have energy managers that oversee 

(usually with no line authority) all building operations. No statistics are 

available for this segment. 

Owners with a Commercial Franchise 

This type of owner is segregated from others because of the significant 

growth in franchise ooerations, and because the franchising organization may 

play a major role in r1ecisions that affect energy conservation opportunities. 

In 1985, 481,000 franchise establishments will account for sales of $459 

billion (U.S. Deoartment of Commerce 1985; Hotel and Motel Management 1984). 

Sophisticated franchising firms like McDonald's Restaurants not only have 

considerable influence over the design of buildings, but also conduct their own 

energy research and offer professional design services. Franchising firms 

using commercial buildings for operations offer a unique opportunity to reach 

many building owners through an existing infrastructure. 

Operative Builders 

Establishments in this industry segment are engaged in the construction of 

single family houses and other buildings for sale on their own behalf rather 

than as contractors. This includes speculative builders and condominium 

developers. 

Total Number of Establishments 

Total Number of Establishments with 

20 or Less Employees 

3.18 

1982 

14,045 

N/A 



Percentage of Industry Receiots Accounted 

for bv 4 Largest Firms 

Total Employment 

Value of Industry Receiots 

Value Added 

** $6.7~M of this was subcontracted out. 

Ma5or Producing States: TX, CA, FL 

N/A 

\08,253 

$15 .8MM** 

$5. 7MM 

Source: 1982 Census of Construction Industries (prelim.) 

Other Owners 

Ti1is segment represents the vast majority of building owners. It is 

defined simolv to include the diversity of ownership described at the outset of 

this section. No further statistical analvses were found to characterize this 

segment. 

Commercial Developers 

Establishments in this industry seoment are enqaged in subdividing real 

oroperty into lots, except cemetery lots, and in developing it for resale on 

their own hehalf. 

Total Number of Establishments 

Total Number of Establishments with 

20 or Less Emolovees 

Percentage of Industry Receipts Accounted 

for by 4 Largest Firms 

Total Emoloyment 

Value of Receiots 

3.19 

1982 

li,036 

N/A 

N/A 

41,577 

$2.2MM 



Value Added $1.2MM 

""la.ior Producing States: TX, FL 

Source: 1982 Census of Construction Industries (ore lim,) 

3.1.? Finance 

Major seqments of the real estate finance industrY are as follows: 

• savings and loan associations 

1 mutual savings banks 

t real estate investment trusts 

t mortoaqe comoanies 

t c0mrnercial banks 

• life insurance comoanies 

t pension funds 

t government oroqrams 

t uncmwentiona 1 sources. 

Althouoh the influence of financiers on conservation decisions can be 

siqnificant, detailed information on every seqment of the finance industry is 

bevond the scooe of this reoort. The following summary is orovided. 

5avinos and Loan Associations 

SIC 612 

Number of Associations * 1,191 

Number of Branches * 18,060 

~umber of Offices * 21,451 

Emolovment 10001 ~95 

Assets (~ billions) 830 

Mortqaqes ($ oillionsl 590 

Total Savinqs ($ billions) 640 
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Passbook Savings ($ billions) 71 

* As of Seotember 30, 1982 

Source: Federal Home Loan Bank Board and Bureau of Labor Statistics, as 

reported in 1984 U.S. Industrial Outlook, U.S. Department of Commerce 1984. 

Life Insurance Comoanies 

SIC o3ll 

Premium receipts (billion $) 

Emolovment (000) * 

Number of Companies 

* Home office only. 

118 

539 

~.048 

Source: American Council of Life Insurance and Bureau of Labor Statistics, as 

reported in 1984 U.S. Industrial Outlook, U.S. Department of Commerce 1984. 

Distribution of Life Insurance Company Assets, by Tyoe, 1983 

Value Percent 

Assets (billion $) of total 

Coroorate securities 280 42.3 

Bonrls 212 32.0 

Stocks 68 10.3 

Mortgages 149 22.4 

Policv loans 55 8.3 

Government securities 68 10.3 

Real estate 22 3.3 

Miscellaneous 89 13.3 

Total 663 100.0 
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Commercial Banks 

SIC 602 

Number of banks * 

Number of Branches * 

Number of Offices * 

Employment 1000) 

Assets 1$ billions) 

Loans ($billions) 

Investments ($ billions) 

Deposits ($ billions) 

* 1982 year-end data. 

3.3.-3 Desiqn and Development 

15,031 

39.775 

54,806 

\,530 

\,966 

\,061 

414 

\,498 

The desiqn an~ develoPment community is comprised principally of architects 

and engineers, although general and specialty contractors become involved in 

the design orocess from time to time. These orofessions specify what equipment 

and materials will be used in a building, their sizes and caoacities and how 

they will be used in terms of buildinq geometrY and configuration. 

A major source of potential confusion in the professional design division 

is the lack of one-to-one correspondence between professional functions and 

fim~ tvoes. Any or all of the firm types listed below may employ any or all of 

the professionals listed. While it is the oeoole who make the decisions 

reqarrlinq energy conservation opportunities, often the only identifiable way to 

reach them is throuqh the firm. 
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Firm Type 

Architectural 

Landscape-architectural 

Architectural enqineerinq 

Engineering-architectural 

Interior design 

Corporate desiqn and development 

General contractinq 

Professional Title/Function 

Architects 

Landscape architects 

Civil engineers 

Structural engineers 

Mechanical engineers 

Electrical enqineers 

Desiqn tec~nicians 

Interior design consultants 

The following is a statistical summary of the oortion of the desiqn 

community conducted by the Bureau of the Census in SIC 891, engineering. 

architectural and surveying services. As discussed previouslv. sole 

proorietorshios, a significant portion of this industry division, are not 

counted in these statistics. Establishments in this industry seqment primarily 

perform services of a professional nature in the fields of enqineerinq and 

architecture. Enqineering services relate to both construction and non

construction services. 

Total Number of Establishments 

Total Number of Establishments with 

20 or Less Employees 

Percentaqe of IndustrY Receiots Accounted 

for by 4 Larqest Firms 

Total Employment 

Value of Industry Receiots 
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1982 

75,583** 

N/A 

N/A 

566,517 

$33,532MM 



Value Added 

* For disaggregation 

** 1977 data 

and some detail, see writeup in text 

Source: 1984 U.S. Industrial Outlook, U.S. Department of Commerce. 

Architect/Engineering Firms 

Authoritative, complete and current data on the number, size, geographic 

distribution, and economic influence of architectural and engineering firms are 

not easily obtained, for a variety of reasons. While the Bureau of the Census, 

Bureau of Industrial Economics (BIE) does gather such information on a 5-year 

cycle in its Census of Service Industries (the latest was in 1982), there are 

several major difficulties with the Census' figures: 

t There is a significant time lag between the gathering and the issuing 

of the data. The 1982 Census results, for example, are now available 

only in partial form. Complete reports will not be available until 

late 1985 or early 1986. In an industry deeply affected by market 

fluctuations, substantial changes can occur quickly and are not 

represented. Also, the building industry was severely depressed in 

1982, so quantitative economic and market data cannot be considered 

typical. 

t The census aggregates data on the basis of SIC 801, which includes 

architectural, engineering and surveying service firms. These types 

of firms are often very different in terms of their roles and 

influences in the building process. Some are not involved in 

buildings-related activity (and instead derive income from civil and 

other engineering and surveying work). No such distinctions are made 

in the BIE data. 

In 1978 the BIE divided employment on a percentage basis within the payroll 

portion of this sector as follows: 

Architects 

Engineers 

Engineering technicians 

Administrative and other 

3.24 

11 percent 

23 percent 

24 percent 

42 percent 



• Only results from firms with payrolls are reported. Sole proprietor

ships and many forms of partnerships (both very common in architect/ 

engineering firms) are not included, although the BIE does 

occasionally prepare estimates. 

The result is generally that the Census figures are low in all categories 

and thus may not prove to be accurate when issued. The BIE has issued 

preliminary 1983 estimates covering this sector that are more or less within 

the ranges of estimates prepared by private sources (e.g., the BIE suggests 

that there are approximately 63,200 individuals employed as architects; in 1982 

the American Institute of Architects (AlA) received data from state 

architectural registration boards suggesting that there were then approximately 

62,000 persons with current architects' licenses). 

Various professional associations and publishing organizations undertake 

similar estimates. A professional association may wish to know how many of all 

possible members the association may actually represent. The drawback of these 

estimates is that they may not count firms that are active and influential in 

the building industry but that are ineligible for association membership. 

Architects and Architectural Firms 

The AlA has two ongoing activities aimed at better understanding the 

dimensions of the architectural profession. Its membership is approximately 

37,000 corporations. 

• Individual architects. In 1982 the AlA gathered registration 

rosters from every state, arriving at a national total of just over 

62,000. The AlA reports significant shortcomings with this approach, 

not the least of which stems from the fact that several states do not 

keep current or complete records. Nonetheless, the AlA will gather 

data from these rosters annually (no other organization at present 

does this) beginning this year. The AlA regards an estimate of 65,000 

registered architects as conservative. 

1 Architectural Firms. Pro-File is a proprietary directory recently 

acquired by the AlA that contains information on architectural firms. 

It is generally recognized as a reasonably authoritative source. The 
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edition currently in progress will list approximately 10,500 firms, 

down from the 14,860 listed in its predecessor. The decline reflects 

editing out of duplications and ather faulty entries. as well as same 

business consolidation and attrition. Three factors that may be con

tributing to a trend of reducing or consolidating the architectural 

service sector are: 

• the use of predesigned and pre-engineered modular housing 

• the use of predesigned a~ pre-engineered metal commercial 

buildings 

• the use of computer aided design. 

The AlA also includes in its count of its membership those who pay 

supplemental dues, an indication of the number of persons with a 

proprietary interest in firms. In 1984 this number was 12,800. These 

figures are similar to estimates from BIE data which suggest that in 

1982 there were 10,900 architectural firms. Knowledgeable AlA staff 

members generally agree that the ratio of individual AlA members to 

registered architects (that is, 37,000 to 65,000, or about 57%) would 

also apply to the number of AlA member firms compared with all archi-

tectural firms. 

suggested in BIE 

This indicates a greater 

estimates. The AlA also 

number of firms than 

confirms that by far the 

largest proportion of architectural firms (as much as 80 percent of 

the total) are firms with 10 or fewer employees. Further, it is 

reasonable to assume that the national distribution of architects 

follows the AIA 1 S regional membership patterns shown in Table 3.1. As 

one final statistic, the AlA has a mailing list, no longer in regular 

use, of 13,487 firms. 

The National Council of Architectural Registration Boards (NCARB), which is 

the association of state professional licensing agencies, reports that in mid

August 1984, there were 22,518 registered architects certified under NCARB 

procedures. This is to some degree a measure of the number of licensed profes

sionals whose practices extend beyond the borders of a single state. (NCARB 

certification greatly simplifies the process of reciprocal licensing; a 
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TABLE 3 .1. AlA Membership Count as of Auqust 15, 1984 

Associafe) Corpora[fil Total 
Geograohic Regions Members a Members Members 

California 1171 5526 6697 
Central States 539 2224 2763 
East Centra 1 106 681 787 
Florida/Carribean 296 1790 2086 
Gulf States 501 2010 2511 
Illinois 179 1545 1724 
Michigan 137 1078 1215 
Middle Atlantic 516 2375 2891 
New Enqland 205 1948 2153 
New York 350 2455 2805 
North Central 244 1348 1592 
North West 365 2549 2914 
Ohio 130 1258 1388 
Pennsylvania 126 1059 1185 
South Atlantic 369 2055 2424 
Texas 804 3579 4383 
Western Mountain 398 2150 2548 
New Jersev 129 94? 1071 

TOTAL 6565 36572 43137 

(a) Associate members are individuals not yet licensed to practice 
architecture, but who are working in some capacity that will lead to 
eligibility to sit for the licensing examination. 

(b) Corporate members are individuals who are licensed to practice 
architecture. 

SOURCE: Data obtained by Thomas Vanier Associates, Inc, from records at AlA 
headquarters. 

candidate normally is required to sit for only one professional licensing 

examination, the successful completion of which becomes the basis for licensing 

in a number of states.) NCARB certification is the closest thing in the 

profession to a 11 nationa1" license. There are, however, many architects who no 

lonqer are active in the profession but maintain, for one reason or another, 

NCARB certification. Although NCARB gathers no information that would support 

the figure. NCARB generally subscribes to the estimate that there are presently 

aooroximately 65,000 reqistered architects 1n the U.S. 
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Engineers and Engineering Firms 

There is some assurance that reqardless of the method used to count 

architects, most of those included are professionals whose primary activity is 

in some way related to the design and management of buildings. This is not 

necessarily the case in the engineering disciplines, in which a single firm may 

employ a variety of professionals and undertake a ,,o~ide range of projects, few 

or none of which are related to buildinqs. Additional data consulted for 

engineering firms were provided by the Census of Service Industries, and by 

some private sources. 

Consultinq Engineering magazine estimates a total of 16,786 engineering 

firms in the U.S. The American Consulting Engineers Council (ACEC) generally 

agrees with this estimate, although the council feels it is Probably low. ACEC 

counted 4625 firm members in mid-1984 (ACEC has no individual members). The 

closest breakdown of these firms is a survey of member firms by ACEC that 

indicates, by percentaqe of the total membership, capabilities in the following 

areas ootentially related to buildings: 

Mechanical engineering 35 percent 

Electrical engineering 32 oercent 

Structural engineering 46 percent. 

ACEC estimates that its member firms employ about 199,000 individuals, many 

of whom are administrative and clerical emoloyees. The American Society of 

Mechanical Engineers counted 88,710 members in mid-1984, but could offer no 

estimate of those active in buildings-related work. 

Landscape Architecture and Design 

The American Society of Landscaoe Architects (ASLA) estimates that there 

are approximately 25,000 persons in the U.S. practicing as landscape 

architects, approximately 7,000 of whom were members of ASLA in 1Q84. They 

also estimate that, in addition to many small sole proprietorships, there are 

approximately 2,000 firms (some of which are also architectural firms) 

employing landscape architects. 
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Other Grouos 

Additional studv should be made of several qroups of Professionals whose 

influence 1n the building desiqn orocess is substantial and increasing. These 

qrouos include, at minimum, liqhtinq designers and interior designers. 

Since these qroups are not counted as distinct occuPations in Census surveYs, 

the orincioal sources of information would necessarily be private associations 

such as the International Association of Lighting Desiqners (IALD), the 

Illuminating Engineering Society (IES), and the American Society of Interior 

Desiqners (AS!Ol. 

There is also a growing number of 11 desiqn/build 11 firms, which, like the 

metal building industry, provide both design and construction contracting 

services. 

Corporate Desiqn and Development 

Corporate rlesiqn and development is considered a distinct seqment of the 

desiqn division because the concerns of these professionals differ from those 

professionals ooeratinq on a oroprietary basis. Data on this segment are 

sparse, but it can be assumed that much of the 11 in-house 11 desiqn capability is 

for industrial firms whose building needs are dictated by a manufacturing 

process. Corrmercial activitv is oresumed to be concentrated in the retail, 

restaurant, and hotel cateqories in firms that ooerate chains or franchises. 

~esiqn services for corporations enqaqed in residential housing, manufactured 

housing, and manufactured metal buildings may also he included in this seqment . 

.3.1.4 Construction Contracting 

The construction contracting division is segmented alonq the following 

functional areas: 

General contractors 

Excavation and foundation 

Structural steel 

Concrete work 

Electrical 

Caroentering 

Glass and glazing 

Building equipment 

Printing, naper hanqinq and decorating 

Roofing and sheet meta 1 
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Plumbing, heating and air Floor laying 

conditioning Terazzo, tile, marble and mosaic 

Plastering, drywall, accoustical 

and insulation 

Data from the U.S. Deoartment of Commerce are the most detailed for each of 

these segments, including Primarv data on activity by building type. These 

data are presented in Apoendix A for each segment listed above. 

Figure 3.8 shows the number of firms in each industry segment, as well as 

the total value of industry receipts in 1983 and vilue added. The value added 

portion of the bar chart basically represents wages and earninqs for that 

segment. This Provides a better indicator of the value of labor, while total 

receipts provide an indication of the relative budget responsibility for each 

o~ the contractor types. Representation of the number of firms in each 

cateqory provides an indication of how widely dispersed firms are, and allows 

the reader to interoret the relative size of firms using the cost data. 

3.3.5 Materials and Components Manufacturing and Supolv 

The manufacturinq division is a Primary technology transfer agent for the 

building industry as well as a primary source of innovation. It is also one of 

the most difficult segments to characterize, especially in quantitative terms, 

because of its larqe size and diversity. Detailed information on the following 

segments according to SIC code, is presented in Aooendix B: 

Fabricated structural metal 

Prefabricated metal buildings 

Steel metal work 

Flat qlass 

Hydrau 1 i c cement 

Concrete block and brick 

Current carrving wiring divices 

Non-current carrying rlivices 

Lighting fixtures 

Structural wood 

Particle board 

Ready mixed concrete 

Concrete products 

Brick and structural clay tile 

Vitreous plumbing fixtures 

Metal plumbing fixtures 

Plumbing fixtures and brass goods 

Sawmills and planing mills 

Hardwood dimension and flowinq 

Softwood veneer and plywood 

Millwork 
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General Contractors 

Smgle Family Houses 

General Contractors 

Multi -Family Residential 

Operative Bu ilders 

General Contractors -
Nonresidential Other than 

Industrial 

Plumbing, Heating and 

Air Conditioning 

Electncal 

Plastering, Drywall, 

Accoust1cal and Insulation 

Roofing and Sheet Metal 

Work 

Concrete Work 

Excavatmg and 

Foundation Work 

Carpenter ing 

Painting, Paper Hanging 

and Decorating 

Installation or Erection 

of Building Equ1pment 

Masonry, Stone Sett1ng 

and Other Stonework 

Structural Steel Erection 

Glass and Glazing Work 

Floor Laying and Other 

Floorwork 

Terrazzo, Tile, Marble, 

and Mosiac Work 

0 
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Source: U.S. Department of Commerce 
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FIGURE 3.8. Summary of 1983 Construction Contracting 
Division by Industry Segment 
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Figure 3.9 shows the relative size of each industry segment in terms of 

1982 dollar volume (in 1977 dollars). This describes the relative imPortance 

of each segment in terms of its product contribution to the composition of 

buildings . 

Manufacturing and supply activities are Primary sources of technical infor

mation on buildinqs. Product literature describes not only what is available 

for use in constructing buildings, but also the techniques for installation, 

the specifications, and the limitations for application. The supply function 

not onlv facilitates the distribution of product literature, but also provides 

the technical support for product use through knowledgeable distributors, sales 

personnel, and regional and local representatives. These people consult and 

communicate with both the sPecifying community and the construction sectors . 

This division provides a major source of innovation for the industry 

through product development. The design and construction sectors are limited 

by the availabilitv of materials and components. In a sense, design 

professionals simply select oroducts and comoonents for a given building, and 

then specify their configuration . 

Metal Building Manufacturers, Designers and Builders 

The Metal Building Manufacturers Association (MBMA) estimates that its 

members manufactured 51 oercent of all nonresidential buildings of less than 

150,000 square feet in floor area constructed in 1983. The MBMA has 34 

manufacturing members, who account for most of the activity in this sector. 

The Svstems Builders Association (SBA) is another organization which consists 

of just over 8,000 contractor/builders, many of whom also offer design services 

for metal buildings . These figures generally agree with figures obtained from 

the Bureau of the Census . Because these buildings rarely involve design 

professionals, but represent a substantial market and are actually designed, 

some of this industry •s activities could also be classified as design services. 

3.3.6 Codes and Standards 

Model Code Organizations 

Three national organizations maintain model building codes for states and 

municipalities to adopt as legal guidelines for construction. Each 
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orqanization provides minimum standards on design, construction, and materials 

to insure public safety and welfare. 

The International Conference of Building Officials maintains the Uniform 

Building Code, which predominates in the Western U.S. Building Officials 

and Code Administrators (BOCA) International, Inc. maintains The BOCA Basic 

Building Code, which is used orimarily in the Eastern U.S. The Southern 

Building Code International maintains the Standard Building Code, which is 

prevalent in the south. Each of these organizations has its own procedures for 

modifying the model codes it maintains. 

Building Codes Coordinating Organizations 

The National Conference of States on Building Codes and Standards is the 

oremier organization promoting building code uniformity coordination among 

states and municioalities. Its members are state and local government 

representatives, local building officials, architects, engineers, contractors, 

manufacturers, and others. 

The Council of American Building Officials (CABO) serves as an umbrella 

organization for the three model code organizations. It acts as a clearing

house for code changes, and it represents a membership of about 8,000 cities, 

counties, and states. 

Standards Orqanizations 

A number of organizations maintain standards that affect the buildings 

industry. 

American National Standards Institute 

Underwriters' Laboratories 

American Society of Heating, Refrigeration and Air Conditioning Enqineers 

American Institute of Architects 

National Fire Protection Association 

Illumination Enqineering Society. 

3.3.7 Education 

Architectural Schools and Educators 

There are 102 degree-granting proqrams in architecture in the U.S. and 

Canada, emoloying approximately 2,400 full time faculty members and another 
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1,000 part time or adjunct faculty. The Association of Collegiate Schools of 

Architecture (ACSA) estimates that approximately 33,000 students are in 

architectural schools in a given year. Approximately 11,000 persons took the 

NCARB professional licensinq examination in 1984 (about 40 percent of whom are 

expected to have passed). Although these individuals are generally not 

directly out of school {because they must serve an internshio prior to 

qualifving for the examination), this number is useful as a qeneral indicator 

of the numbers enterinq the professional ranks annually . 

Other Education 

Engineering degrees are offered at schools throughout the U.S. The 

curricula offered are fairly standard and usually contain considerable 

emphasis on enerqv. However, there are other educational opportunities . Some 

trade unions, notably the electrical works and plumbers' unions, require not 

only an apprenticeshiP, but also the successful completion of a multi -year 

niqht school curriculum. 
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4.0 TECHNOLOGY TRANSFER MECHANISMS AND THEIR ENVIRONMENT 

4.1. INTRODUCTION 

The previous chapters established a framework for understanding the complex 

decision processes of the buildings industry and an overview of the texture of 

the industry. With the aid of this model, information on enerqy conservation 

can be presented to the appropriate decision makers. However, vehicles or 

transfer mechanisms are needed for presenting this information. Examples of 

these mechanisms are reports, brochures, trade publications, and manufacturer 

representatives. Selection of the most effective and efficient transfer 

mechanisms requires an understanding of the pathways by which information can 

reach the buildings industry and an understandinq of the environment in which 

the transfer of information occurs. 

Successful transfer of R&D information from laboratories to industry 

decision makers involves the activities of many broker organizations as well as 

interactions among building industry decision participants (see Figure 4.1). 

Transfer mechanisms must be focused on those who actually make the 

important decisions. This selection of targets is assisted by the information 

about decision makers and industry segmentation, presented in Chapters 2 and 3, 

respective 1 v. 

In this chapter the importance of information pathways is examined by 

exploring the complex interactions involved in technology diffusion. Options 

for saving energy that are technically proven and that are aesthetically 

pleasing and that are projected to become available at lower cost can take a 

very long time to diffuse into the market. Shama (1983) indicates that the 

process can only be understood by a combined engineerinq, economic and 

behavioral perspective. The engineering and economic attractiveness of an 

enerqy savinq concept has to be favorable, but that is not enough. Shama 

indicates that the use of energy conservation concepts may be speeded up by 

applying the concepts of technology diffusion. The concepts of technology 

diffusion orovide illumination of the reason that technology can take so long 

to find application. The technology diffusion concepts are explored and are 

applied to the RU process in the following paragraphs. 
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The information pathways and the environment in which they operate appear 

to be even more important than the content or form of communication in the 

buildings industry. In this chapter we first examine the complex interactions 

in the decision environment which make the pathway so important. Subsequently, 

we briefly examine the broad spectrum of transfer mechanisms (pathways, 

content, and form) available for use in the build i ng system environment. 

R&D Community 

Technology Transfer Processes 

(Broker Organizations and Media) 

Decision Participants 

Owners Designers Manufacturer Contractors Regulators Users and 

Financiers Specifiers Suppliers Builders Inspectors Maintenance 

FIGURE 4.1. The Research Utilization Process 

4.?.. THE DECISION ENVIRONMENT 

4.2.1 The Individual Decision Process 

All significant decisions involve individual actions , but the adoption of a 

new concept may involve a number of participants . Each of these participants 

move through a series of staqes (Rogers 1962): 

1 Awareness 
• Interest 
1 Evaluation 
1 Trial 
• Adootion. 

The most effective way of communicatinq information about a new technol

ogy chanqes as decision makers pass through these various stages. During the 

awareness stage, impersonal forms of communication, such as journals and 
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books, appear to be the most effective. As decision makers oass to the 

evaluation stage, more personal communications, such as peer contacts, become 

more effective. In other words, it becomes a people to peoole process! In 

addition, decision makers tend to place more confidence in information that 

comes from more than one independent source. 

4.2.2 Categories of Decision Makers 

Roqers (1962) provides a categorization scheme t~at classifies decision 

makers as innovators, early adopters, early majority, late majority, and 

laggards (Figure 4.2). Innovators and early adopters are important 

participants in technology diffusion. These two groups are the first to try a 

technology, and their use of technology usually results in acceptance by the 

subsequent groups of adopters. 

The orimary differences between innovators and early adopters are the 

following: 1) innovators accept more immediate risk for ootential longer term 

benefits; and 2) innovators stress both monetary and non-monetary benefits, 

while early adopters acceot or reject a new technology on the basis of normal 

market factors. Our investigation indicates that these two groups are 
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as important in the buildinq industry as they are in other industries we have 

examined. Innovators are willing to take much qreater risks now for the 

potential of a future payoff. Early adooters, on the other hand, exoect to see 

an immediate return for participation . 

Since these two qrouos appear to ooerate from different motivations, it is 

logical to assume that they may require different transfer mechanisms and even 

different channels for those mechanisms. For example, innovators tend to rely 

more on imoersonal communications (publications, for instance) than subsequent 

categories of adopters, who rely more on personal communications with trusted 

adopter oeers . Innovators also use a qreater variety of information sources 

than ~o later adopters , who are less willinq to take risks (see Table 4.1). 

Adopter 

Category 

Innovators 

Early adopters 

Early majority 

Late majonty 

Laggards 

TABLE 4.1. Characteristics of thP. Adopter Groups 
(from Roqers 1962, p. 185) 

Salient Personal Communication Soc1al 

Values Charactenst1cs Behav1or RelationshipS 

"Venturesome", w1ll- Youngest age; h1ghest Closest contact w1th Some op1nton leader-

ing to accept risks soc1al status. largest sc1ent1fic mformat1on sh1p, very cosmopolite 

and most specialized sources; nteraction 

operations; wealthy w1th other mnovators. 

relat1vely greatest use 

of impersonal sources 

" Respect", regarded High soc1al status; Greatest contact w1th Greatest op1nton leader 

by many others in the large and specialized local change agents sh1p of any category 

soc1al system as a role- operat1ons in most soc1al systems; 

model very localite 

"Deliberate", w1lhng Above average-soc1al Considerable contact Some op1n1on leader-

to cons1der 1nnova- status; average-s1zed with change agents Ship 

uons only after peers operation and early adopters 

have adopted 

"Skeptical", over- Below average social Secure ideas from L1ttle opinton leader-

whelmmg pressure status; small opera- peers who are mamly ship 

from peers needed tion. little speciahza- late major ty or early 

before adopt1on t1on; small 1ncome majority; less use 

occurs mass med1a 

"Tradition", onented Little spec1ahzat1on, Ne1ghbors. fnends. Very l1ttle opin1on 

to the past lowest social status; and relatives with leadership, sem1-

smallest operation; s1m1lar values are isolates 

lowest mcome; oldest mam 1nformat1on 

source 
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4.2.3 Importance of Interactions Among Decision Participants 

Strong interactions among the groups making the key decisions in the build

inq industry influence each decision. Broker organizations and R&D information 

sources are also important in influencing those decisions as the groups of 

participants move through the stages of innovation. 

Larqe scale apolication of energy saving technology will not occur until 

there are owners that desire the techno 1 ogy, financiers that wi 11 supply the 

money, architects/engineers that will risk their professional reputations, 

manufacturers that will invest in mass production facilities and in nationwide 

distribution, contractors that will warranty their installation, compliance and 

inspection personnel that understand and approve the new approach, building 

users that want the technology, and maintenance men that can keep the equipment 

workinq . However, the owners will not approve the technoloqy until they are 

aware that occupants desire the concept and that more than one manufacturer can 

supply it. 

The decision participants exercise veto powers over the selection of energy 

conservatio~ technology. The sophisticated architect does not say, "I won't . " 

What the architect does say is, "If you really want me to, I can design it for 

you, but it will be a lot more expensive . " The manufacturer says, "I can make 

it for you, but it will cost." The distributor says, "I can qet it for you, 

but it will take an extra 3 months." The contractor says, "If you insist, I 

can put it in, but I hear that they don't hold up, so I cannot give you any 

warranty." The individual with final approval does listen to his peers and to 

other decision participants, qiving them effective de facto veto power, even 

though th~y may not actually sign concurrences. Trusted sources such as peers 

and industry participants may be more important in the decision process than 

the exact form or content of technology transfer communications. 

4.2 .4 Technology Diffusion in the Buildings Industry 

The technology diffusion process frequently takes longer in the buildings 

industry than in other "fast moving" industries. Speeding up this process 
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requires an understanding of the steps involved in the adoption of a new 

technoloqy. 

Many new technologies apoear to have great promise at first as a few 

enthusiastic innovators express optimism. But the technology frequently 

encounters more d iffi cu lty than expected and quantity buyers may stay away in 

large numbers . This is a feedback (market signal ) to industry or to R&D 

organizations that t he technology is not "ready" (see Figure 4.3). In the 

electronics industry it has in some instances taken 15 to 20 years for 

technologv to penetrate a market. It is quite normal in this high-technology 

industry for new technology to go through one or more false starts before it is 

finally accepted (see Fiqur.e 4.4, Murray 1981) . 

The electronics industry might be exoected to accept technology more 

quickly than the buildinqs industry because 1) one person can frequently make 

the decision to purchase; and 2) the industry is more compact , and fewer 

institutions are involved in brokerinq and regulating the use of new 

technology . 

R&D Inventory 

R&D Res pplementary ults 
n 

Su Feedback ,, ,r Re suits 

R&D Broker Organization 

u lts 
~ ~ Su Feedback , u Re 

R&D Res pplementary 
suits 

Bui ldings Industry 

FIGURE 4.3. Transfer Involving Recycle 
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4.2 .5 Why Innovators are Crucial to RU in Buildinqs 

New technoloqy must be used by innovators in larqe enough volume to reduce 

the perceived costs and risks, and to rlemonstrate the benefits of the technol

oqy to the early adopters. In other words, new products and technologies must 

compete with established technologies, which have already proqressed along a 

"learning curve." 

The technology diffusion efforts of interest to this study must go through 

the innovator ohase of market acceptance to achieve perceived costs/benefits 

sufficient for acceptance by each of the earlv adopter oarticipants. Tech 

nology can not skip the innovators and go directly to early adopters unless 

there are no cost penalties (including risks), and the performance of the new 

technology is significantly better than that of the existing products. These 

situations are rare, and in any case, they require little or no assistance from 

technology transfer efforts to find their way into the marketplace. 
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Learning curves show the relationship between the unit cost of a good or a 

technoloqy, and cumulative production. As the market for a product grows, the 

unit cost of production tends to fall as economies of scale are achieved. 

However, these curves neglect the transaction and installation costs involved 

in the purchase of a new technology. These costs can be extremely important in 

the buildings industry. Distribution channels are difficult to establish 

because of the diversity and geographic dispersion of the participants. 

Installation costs for a new technology can be tremendous, and maintenance 

costs of an unfamiliar technology can outweigh any energy savings. 

Many technologies fail to make the transition from innovators to early 

adopters because not enough innovators participate in the early market to 

reduce both the manufacturinq and transaction costs to competitive levels. In 

the buildings industry, this is especially true, since teams of innovative 

owners, designers, manufacturers who wou 1 d agree to oart i cioate may be needed. 

Ideally, large initial costs, including risks, might be shared among the 

decision makers (innovator>), who might gain the benefits over a period of 

time. This is unlikely to occur because of the diffuse nature of the build i ngs 

industry. A disproportionate share of the costs would orobably 'be borne by a 

few of the decision makers (oerhaps the owner or the soeculator). 

When a sufficient number of innovators cannot be located, it may be 

necessary to find ways to motivate some early adopters to act like innovators. 

A major factor affecting the difficulty to be encountered by a new technol

ogy is the number of decision makers perceiving larqe risks. The technology 

which can be manufactured on existinq machinery, distributed through normal 

supoly channels, and finally "transparent" to the user (i.e., does not 

appear different or require life style changes) will be accepted much more 

readily than technology that requires major changes in one or more of these 

factors. A 10% improvement may be adequate (when it is available from fullv 

trusted sources) for the lower risk situation, whereas a 100% improvement may 

not be enouqh to overcome the requirements for new prorluction machinery, new 

distribution and new appearance, and life style changes. 
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4.(.6 Decision Environment for Innovation Participants 

There are important differences in the decision environment for the qroups 

of participants identified in chapter 3 during the innovator phase of a 

product's life. The followinq oaragraphs review the decision environment of 

the various qrouos Participating in the acceptance or rejection of new buildinq 

technology. 

Building Owners and Financiers 

The complexity of the technology transfer process in the buildings industrY 

causes most of the chanqes that take place to come very slowly. For this 

reason, other market areas are likely to appeal more to the innovative 

owner/financier. Venture capitalists, however, mav be able to qive some 

indication of what motivates owners/financiers in the building industrv. 

Cambridqe Research & Development Group provides a bdef summary of what the_v 

look for in new technologv: 

1. Does someone rea 11 v need the product? Not might 1 ike or might bu v, 

but reallv need it? 

2. Does a market know that it needs a oroduct? Even though it may be 

qood for a company, if it has to spenrl monev to convince peoole 

they neerl the oroduct, look for a better idea. 

'. Does the market oercei ve an immediate need for the product? Not six 

months or a year from now, but an immediate nee~. 

4. Does the consumer who perceives the need also control the purchase 

decision? Can he or she come UP with the money? 

5. Can it be manufactured for 5% or 10% of the selling price? If a 

oroduct is really innovative, the companv should be able to make a lot 

of money marketing it. Forget the whole matter if it doesn't promise 

to earn at least 1St after-tax profit on each $1 of sales. 

6. Can patents be orotected? Concentrate on a field where oatents are 

respected. 

7. Is there a oool of buvers for the product at the price that produces 

profit today? The ability to sell a product eventuall.Y for $500 won't 

help qet the comoanv off the qround with a $1,000 product unless there 

are enough buvers right now at $1,000 to finance future growth. 
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8. t~ill product success strain the company's financial, manufacturing, or 

marketing resources? ~any companies evolve elaborate contingency 

plans in case of failure but are unprepared for success. 

9. Is the environment noncompetitive? If yes, the product's chances for 

success are improved, especially if the company gets an edge on the 

market before similar oroducts arrive. 

Financially affluent owners who intend to occupy the building themselves 

may see the new technoloqy as providing unique non-monetary benefits such as 

improving qualitv of life and productivity and thus, may provide an alternative 

to meeting the financially oriented needs of the investor. 

Targeting innovators in the owner/financier qroup is a challenge because 

those who can afford the higher costs of the initial investment in a new 

conceot probably can afford subsequent fuel costs even if they increase 

drastically. From our discussions with industry, we have come to believe that 

investor owners are less likely to be a qood source group for the neederl 

innovators than are affluent resident owners. This owner/occupier market 

segment may sometimes be more interested in the aesthetic and functional 

potential of e·nergy-saving concepts than in the actual amount of energy saverl. 

For examole, oassive solar concepts can, when orooerly implemented, ~dd charm. 

The ambience of an atrium can be enhanced by the oroper use of natural light. 

Selling huilding owners and financiers on savinq energy mav be even easier when 

the collateral benefits, such as enhanced appearance and ambience, are 

stressed. 

Designers and Soecifiers 

There are powerful forces which may keep architects from actually oushing 

new building technology. Established architects have reoutations to guard. 

The hetter established they are, the busier they are and the more substantial 

are their investments in repeating former success p~tterns. These patterns may 

have been very innovative in the past. In addition. they may simply be too 

busy with more urqent matters. A new architect, on the other hand, has no 

reputation to uphold, and may, in fact, gain highlY valuable recognition from 

being "different." 
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Sweet 1 S file is hiqhly reqarded by desiqners and specifiers as a source of 

information on building comoonents and construction materials. Unfortunately, 

Sweets 1 file is primarily filled wit~ information on established products. Our 

investigation reveals that product brochures supplied by sales personnel are 

also a highly reqarded source of information to ~esigners and specifiers. New 

technology is almost by definition that technology which has not been put into 

products and quality brochures by manufacturers and suppliers. Also, publica

tions that emphasize new technologies tend to be viewed as less credible. 

Thus, Sweet 1S may not provide much information on 11 innovations 11 or R&D 

results. On the other hand, if the information can be included in the regular 

sections of Sweet 1 s, it may be highly regarded and trusted. 

The Federal R&D reports (includinq those residing in the National Technical 

Information Service system) are not frequently accessed by this group. 

Manufacturers and Suppliers 

Manufacturers and suppliers are vigorously oursuinq new products and 

innovations that can be built on existing machinery, for less mone.v, handled by 

existinq distribution channels, and that offer significant benefits to the 

consumer without requiring life style chanqes. This group frequently reviews a 

new technoloqv using the nine questions listed earlier in the Owner/Financier 

section. 

Several studies have reoorted that smaller firms tend to be more innovative 

than larger fir~s. Many larqe firms operated by professional managers are not 

perceived as being innovative. The half-life of the general manager tends to 

be rather short--perhaps a couple of years. If the manager is good, he or she 

will be promoted; if not, a replacement will be found on the basis of what 

hapoens this vear. It might be oossible to malign large firms for their lack 

of an innovative climate. Actually, many large firms, like General Electric, 

have so many low risk investment opportunities that they cannot begin to afford 

to follow up all of the more innovative ideas that come to their attention. 

It is more important to qo with a company that understands the market you 

wish to oenetrate than it is to emphasize technical capability alone. It may 

be easier to acquire technical talent from government laboratories, for 

4.11 



instance, than to acquire knowledge of customer mores and understanding of 

their needs. 

Manufacturers/suppliers may Participate in the innovator phase to enhance 

their image as leaders in bringing out the newest technology as well as in 

beinq in on the "qround floor" in a growth industry. 

Contractors and Builders 

Contractors and builders have a very larqe potential for vetoing new 

technologv. They usually are not keen on being innovators and frequently tf1ey 

will trv to substitute standard equioment. Frequently they succeed. Tech

nology transfer efforts should plan to neutralize this potential veto by: 

1 Spending R&D moneY on reliability of the concept, not just on the 

concept itself. When the electrical contractor gets a call in the 

middle of the niqht from an irate customer on a fixed income, you can 

Qe certain that he or she will fight any further installation of the 

high technology thermostat which caused the call. 

1 Make certain that early test installations are well maintained and 

firmly decommissioned. R&D reports with their technical honesty tend 

to frighten the contractor/builder by ~iscussinq all the problems 

encountered with early experimental units. 

Federal oroqrams to train installers and to pav for the maintenance and 

inspection of early installation appear to be very important. If federal 

officials have personallv requested industrv participation in early 

installations, it is very important for the equipment to perform flawlessly. 

Regulators and Inspectors 

Regulators and inspectors have little to gain and much to lose by allowing 

new technology to be tried by innovators. Usually, the best way to proceed is 

to make them earlv particioants in the olanninq of the oroject. They are 

rarely hostile to new technology and can help in getting variances through the 

system. They are more likely to do this if they are brouqht on board early. 

These early contacts should be made by the arch1tect or builder, who would 

normally be callinq in the inspector to approve the work. The personal touch 
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is all important here. Model codes and actual carle changes are useful but the 

oroblem is that the period wl1en they are most needed is also the period in 

which the technology is so new that the codes are not vet available. 

Buildinq Users and Maintenance Personnel 

Building users and maintenance personnel can be very creative in disabling 

enerqy saving apparatus. New equipment that requires extensive maintenance 

probably will not qet much attention in many installations. It is preferable 

to desiqn maintenance out of the product. The alternative is that reports will 

soon filter back from the early installations such as 11 those new thermostats 

don't work. 11 

Early installations are likely to receive uniformly good reports at first, 

but the truth beqins to come out as first enthusiasm fades. Poor desiqn/ 

installation causes negative feedback, which will be carried back to the other 

decision particioants • 

Users who are not owners have only indirect input into the decision 

process. Investor owners will sometimes give serious consideration to energy 

sav inq conceots requested by very re 1 i able tenants s i qninq lonq-term 1 eases. 

Damage prevention and control is the best strateqy for building users anr:l 

maintenance qrouos. 

4.~.7 Summary of Strategies to Deal With the Decision Environment 

Keys to transferrinq technology in the builclings sector are summarized 

bel ow. 

• Parallel "media blitzes" in widely read journals can produce the 

first staqe of the acceptance process (awareness) but cannot reolace 

the more personal influences, such as favorable impressions provided 

by associates in the building trades during subsequent staqes of the 

acceptance process. 

• Ideally a team of innovators from various decision qroups needs to 

be involved in getting a new concept into a building project, but 

where innovators cannot be located in sufficient quantity, it may be 

necessary to convert some "early adopters" into "innovators." 
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1 Techno logy transfer strategy shou 1 d orov ide for fac i 1 it at i nq and 

speeding up communication between R&D and industry. 

1 Ideally, transfer efforts should target innovators rather than early 

adooters unless risks to all of the key decision participants are 

minimal. 

1 Transfer mechanisms s~ould be designed to either lower the perceived 

risk and costs or increase the Perceived benefits to innovators. 

1 One possible way to reduce the risks for each participant is to 

promote the sharing of risks by the various groups of decision 

makers throuqh the use of shared savings contracts. 

1 The innovators in the groups of decision oarticioants have motivations 

different from early adopters, early ma.ioritv, late majorit_v, and 

laggards (reputation drives some, while being first drives other 

innovators). 

1 Different mechanisms may Qe required for the different groups of 

participants. Young architects, for instance, might value high 

visibility awards such as having designed the "energy savinq house of 

the vear." 

1 Trusted pathways for technoloov information (different for the various 

decision participants) appear to be more important than the form or 

content of the communication. 

1 Oamaqe Prevention and control (Preventing negative occurrences and 

impressions) is just as important as getting "a good press" for new 

technoloqv. 

4.3 MEDIA AND PATHWAY MECHANISMS 

There is no oerfect media or transfer mechanism. Instead, there are niches 

for a variety of mechanisms, with some working better than others in specific 

situations. The ouroose of this section is to orovide a method of examining 

the effectiveness of various mechanisms for transferring research results to 

the buildings industry. 

Common industry oractice is to differentiate between institutional adver

tising, product advertising and specific promotions. This parallels the need, 
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as discussed in the previous section, for first creating awareness and then 

adoption. 

Also expressed in the previous section is the need to proqress from 

imoersonal to more personal contacts. The adoption of new technoloqy involves 

a dynamic interaction which has many parallels to selling/buying in industr.v. 

The following paragraphs examine the various media mechanisms. 

4.3.1. Measures of Effectiveness of Transfer Mechanisms 

The effectiveness of transfer mechanisms can be characterized according to 

several descriptors. The descriptors should allow for the measure of the 

effectiveness of the transfer mechanisms in accomplishing specific functions. 

The followinq descriptors have been selected for this analysis: 

Formatting: The format in which information can be used is usually far 

different from the way in which data are co l1 ec ted and reported in a 

technical report or journal article. This was highliqhted in the 1984 

Roundtable on Technology -Transfer and Research Utilization (Achenback and 

Seaton 19851. 

Validation: Much of the flood of information available to decision 

makers is discounted because they do not have the time, facilities, or 

inclination to verify its readiness for commercial use. For examole, 

government reports are 1o1idelv regarded as 11 theoretica1, 11 i.e., not valid 

for use outside the laboratory. 

Accessibilitv: The information readily available at the crucial moment 

of decision 1s all that is actually used. 

Risk Reduction: Some mechanisms have direct impact on risk and allow 

Potential users to validate the technology without considerable expense. 

Involvement: The personal touch can increase the effectiveness of the 

other functions discussed above. 

Feedback: An awareness of industry reactions is vital to the effective 

utilization of R&D results. 

A preliminary discussion of available transfer mechanisms follows using the 

above descriptors. 
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4.3.~. Broker Orqanization Effectiveness 

Broker organizations transform and validate technical develooments into 

useful formats and communicate them to industry, There are many broker 

orqanizations in the U.S. The effectiveness of technology transfer by these 

organizations varies widely. This tooic is being explored by Oak Ridqe 

National Laboratory in considerable detail. A preliminarv discussion follows. 

Formatting: Broker organizations vary widely in their capability in this 

parameter. Those made up of members of the trade/profession they represent 

may do very well. Those made up of lobbyists (frequently not technically 

trained) may be less effective. 

Validation: Broker organizations can be vital because they oublish 

guides and participate in standards setting. These activities require 

considerable time to accomplish through committee. This time factor may 

cause them to be more effective in communicating with early adopters than 

with innovators. 

Accessibility: Guides widely distributed to the membership can be very 

valuable in influencing decisions. 

Risk Reduction: Guides containing "accepted Practice" provide consider

able leqal orotection to the oracticing professional and tradesman. 

However, since quides laq new technology they may actually increase the 

liability of the decision maker who first employs new technology. 

Involvement: The degree of involvement depends on the type of broker 

organization and its context of interests and its geographical distance 

from the decision maker. Personal contact and interest is even more 

important than geographical oroximity. 

Feedback: Broker organizations can orovide feedback. but the feedback 

qets processed and modified on its way. The bluntness of actual industry 

reactions can be softened by broker organizations and industry needs mav be 

oresented through a filter of organizational agenda and needs that can 

color the feedback messages. Perhaps more serious is the time factor: 

while feedback may not occur fast enough to assist in the innovator phase, 

it may be fast enough to expedite the early adopter and subsequent phases. 
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Broker organizations are very active and may be effective in promoting the 

building industrv. Their effectiveness during the innovator phase (the 

introduction of new techno 1 ogv) is open to question. Broker organizations are 

obviously quite effective in making the full transition to widespread market 

acceptance (by providing ASHRAE guides, for instance). More work needs to be 

done to determine how they can be more effective in the beginning of the 

transfer orocess . 

4.1.1 Mechanisms Available for Technology Transfer 

A wide variety of mechanisms can be used in technology transfer. The 

effectiveness of these mechanisms depends on the situation. The effectiveness 

of each mechanism can only be measured for a specific group of decision makers 

for a specific situation. However, general trends in effectiveness of 

qeneric transfer mechanisms can be reviewed. In Table 4.2 generic mechanisms 

are reviewed for their effectiveness in formatting, validating, making 

information accessible, reducing risk, and oroviding personal involvement and 

feedback. Conclusions from this qeneric review should be made with caution. 

However, it can be said that many mechanisms and broker organizations are 

needed. 

The qeneric mechanisms listed above include specific mechanisms: 

1 Involvement of the buildinq industry in R&D 

- Planning 

Monitoring 

Evaluation 

• Personnel exchanges 

R&D laboratories and manufacturers 

- R&D laboratories and designers 

1 Interagency R&D teams 

1 Limite~ R&D comoanv partnerships to handle the initial risk of new 

technology introduction 

• Institutional mandates and actions 

Federal energy performance standards 

State and local performance standards 
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TABLE 4.2. A Preliminary Review of Generic Transfer Mechanism Effectiveness 

Risk 

Formatting Validation Accessibility Reduction Involvement Feedback 

Involvement of Industry in R&D Low Low Low Low High High 

Personnel Exchanges High Low Low Low High Medi urn 

Interagency R&D Teams Low Low Low Low Low Low 

limited R&D Partnerships Low Low Low High Low Low 

Jnst i tut i onal Mandates Low Low Low High Low Low 

Higher Education Medium Medium Medium Medium High Low 

"" Trade Press High Low Medium Medium Low Low . 
~ 

00 

Product literature High High High Medium Medium Medi urn 

Radio & TV High Low Low Low Low Low 

Electronic Media & Films High Medi urn Medium Low Med i urn Low 

Trade Shows & Exhibits High High Medium Medium High High 

Demonstrations & Model Homes High High *Med i urn Medi urn High High 

Government Agency Contacts Low Low Low Low Low Low 

Industry Colleagues High High High High High High 

Industry Representatives High Medium Medium Medium High High 

*Depends on location distance from potential user. 
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Endorsement and leadership 

- Tax incentives 

1 Higher education 

- Endowed chairs 

- Scholarships 

Competition 

• Trade press 

Press conferences 

- News releases 

Des i qn awards 

Magazine feature articles 

- Refererl journal articles 

Texts, references, topical books 

- Monographs 

Slide rules, guidelines 

- Fact sheets 

1 Product literature 

- Brochures 

Product directories and buyers' quides 

1 Radio anrl TV (viewed at air time) 

• 

- Talk shows 

~ward presentations 

Public service announcements 

Paid announcements 

Documentaries 

Feature shows ("This Old House." e.q.) 

Electronic media and films (viewer control) 

- Video tapes and discs 

- Computer software 

- Online databases 

Databases on PC media 

Te 1 econferences 

Electronic mail and bulletin boards 
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• Trade shows and exhibits 

Cosoonsors 

Booths 

Technical articles 

1 Demonstrations and model homes 

- Local 

Reqiona 1 

Nat ion a 1 1 aboratory 

• Government agency contacts 

National laboratories 

Federa 1 bureaus 

Extension aqents 

• Industry colleagues 

Fellow professionals 

Construction project associates 

• Industrial reoresentatives 

Sales clerks 

- Local sales representatives 

Factory representatives 

An analysis of media effectiveness for tarqet audiences was carried out by 

Vanier & Associates (see Table 4.3). This study also rated the various media 

mechanisms for costliness and difficulty, 

Many oublications available to members of the buildings industrv orovide 

information on new energy-saving technologies. FrequentlY, these publications 

are written for segments of the buildings industrY, and several of these 

publications are affiliated with institutes or associations. Appendix C 

contains lists of building industry publications by reqion and affiliation. 
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Audiences 
Owner / Occupant Developers 

Commerical Building Developers 

Residential Building/ Developers 

Commercial Building Financiers 

Residential Building lenders 

Architectl 

Profeuional Engineers 

Residential Realtors 

Commercial Realtors 

Building Product Manufacturers 

Building Product Distributors 

Energy Utility Companies 

Building Code Officials 

Model Building Code Groups 

Consumer lntereat Groups 

Environmental Interest Groups 

Renewable Energy Resource Groups 

Trade and Professional Technical Writers 

Home and Real Estate Section Writers 

National Popular Preas Writers 

Auociation Newsletter Writers 

Administration Policy Staff 

State Governors/ State Energy Offices 

DOE Regional Offices 

State legislators and Staff 

Congreu and Staff 

Federal Building Agencies 

Industry Auociated Executives 

Architectural Educators 

Engineering Educators 

0 Some Impact e Greater Impact 

TABLE 4.3. 

I Numbers reflect degree of costliness and difficulty 

e 1 e1 o 0 • 
oto ol e l o 0 . ,. 0 • . ,. • . , . • • 
e to o l e l o 0 0 • • .,. • • t• 
o t o ol e l o 0 0 • • • 
o t o o l e l o 0 0 • • • .,. e l e lo 0 ol e lo 0 l e I e I o • • e t e ro • • t• • .,. . ,. e l e l o 0 o1 e 1o ol e I e I o • • e t e l o • e l • • .,. 
ot e e 1 e 1o 0 0 • • • 0 OIO 

• e l e l o 0 0 • • • 0 01 0 

OIO 0 10 1 0 0 0 • 0 

OIO oloto 0 • .,. e l e lo 0 • t• e toto • • 0 ol e 0 0 

e lo e lo l o 0 .,. 0 IO l o t o • • • 0 ol e • 0 

e lo e i O I O 0 • I• e r e I I o • • 0 or e • . ,. OIO i e • 0 OIO • 010 • ol e • e lo .,. olo l e • OIO 010 • e ro • or e • e lo .,. oro r • • 010 e I e I 0 • e lo • ol e • e r o .,.,. 
• r e I • e l e l e l e l o • e t e I o I o .,.,. e l e I e • e 10 IO I O 

or e .,.,. • e lolo 

• • • .,. • • • 0 OIO . ,. 0 , • 01 0 • 
• 0 O I O o l e l e • 10 oro • 0 • • • 0 

• 0 e lo o l e l e e l e c • • • • • 0 

0 0 010 olol e OIO 0 • • • • 0 

0 .,. • 010 • 
0 1 0 O I O e l e l e l e l e to l o e I O • I • I • l e 

e l o e i O I O 0 o I o l e I 0 0 • • • • 0 

0 e l e i O e ro OIO IO IO 0 e l o 0 • • • 
0 e 1 e 1o e lo 010 10 IO 0 e l o 0 • • 0 

Media for Target Audiences (provided by Thomas Vanier 
and Associates , Washington, D. C. ) 
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APPENDIX A 

DATA ON SEGMENTS IN CONSTRUCTION CONTRACTING DIVISION 

CONSTRUCTION CONTRACTING 

Construction Industries and Subdividers and Oevelopers 
(Construction Industrv Summary) 

This entrv summarizes all other entries for construction and development 
derived from the 1982 census of construction. Also included in this summary, 
but not reported elsewhere in this report are water well drillinq contractors, 
wreckinq and demolition work contractors, soecial trade contractors n.e.c., 
h iqhway and street construction contractors, bridge, tunne 1, and eleva ted 
highway construction contractors, water, sewer, p1pe line, communication and 
oower line construction contractors, and heavy construction contractors. 

\982 

Total Number of Establishments 447,887 

Total Number of Establishments with 
20 or Less Employees 

Percentaqe of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Employment 4,3ol,852 

Value of Industry Receipts $312.8MM 

Value Added $\48.\MM 

Major Prorlucinq States: 

Source: 1982 Census of Construction lnrlustries (prelim.) 
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Establishments in this industry seqment are enqaqed in the construction of 
sinqle family houses, rowhouses, and townhouses (including new work, additions, 
alterations, remodelino, and repair). 

1982 

Total Number of Establishments 72,061 

Total Number of Establishments with 
20 or Less Emolovees 

Percentage of Industry Receiots Accounted 
for by 4 Larqest Firms 

Tot a 1 Emo 1 ovment 368,675 

Value of Industry Receiots $22.2MM** 

Value Added $ 8.7MM 

** $6.3MM of this is subcontracted out 

Ma,ior Producing States: CA, TX, FL, PA, OH, IL 

Source: 1982 Census of Construction Industries (prelim.) 
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Establishments in this industry are enqaoed primarily in the construction of 
apartment buildinqs~ hotels~ motels, and dormitories (inclurling new work, 
additions, alterations, remodeling, and repair), 

1982 

Total Number of Establishments 7,570 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentage of Industry Receipts Accounted 
for by 4 Largest Firms 

Total Emolovment 65,5185 

Value of Industry Receipts $8,1MM** 

Value Addeo $2.0MM 

** $4.4MM of this is subcontracted out 

Ma.ior Producinq States: CA, TX, NY, IL 

Source: 1982 Census of Construction Industries (orelim.) 
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General Contractors - Nonresidential Buildings Other Than Industrial 
Buildings and Warehouses 
SIC !54? 

Establishments in this industrY segment are engaged in the construction of 
commercial, institutions, reliqious, and amusement and recreational buildings 
(including new war~, additions, alterations, remodelinq, and repair). -

1982 

Total Number of Establishments 20,184 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Emolovment 16.1,261 

Value of Industry Receipts $50.1MM** 

Value Added $13.4MM 

** $27.9MM of this is subcontracted out 

Major Producinq States: CA, TX, NY, Il, FL 

Source: 1982 Census of Construction Industries (prelim.) 

A.4 



General Contractors - Industrial Buildings and Warehouses 
SIC \S4\ 

Establishments in this industry segment are enqaqed in the construction of 
industrial buildings such as aluminum plants, automobile assembly plants, 
pharmaceutical manufacturing plants, and commercial warehouses (including new 
work, additions, alterations, remodeling, and reoair). 

1982 

Total Number of Establishments 7,406 

Total Number of Establishments with 
20 or Less Emplovees 

Percentage of Industry Receipts Accounterl 
for bv 4 Larqest Firms 

Total Emolovment 106,822 

Value of Industry Receipts $1B.SMM** 

Value Added $ 6.0MM 

** $8.9MM of this is subcontracted out 

~a.ior Prorluc inq States: CA, MI, TX, AL 

Source: 1982 Census of Construction lndustri es (orel im.) 
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Excavating and Foundation Work Contractors 
SIC !794 

Establishments in this inrlustrv are enqaqed in excavation work, foundation 
work, and diqqing and loading, in connection ~ith building, heavv, or 
engineerinq construction. 

Total Number of Establishments 17,368 

Total Number of Establishments with 
20 or Less Emolovees 

Percentaqe of Industry Receipts Accounted 
for bv 4 Larqest Firms 

Total Emoloyment 130,440 

Value of Industry Receipts $7.7MM 

Value Added $5.2MM 

Major Producing States: TX, CA, PA, IL, Fl, NY, OH 

Source: 1982 Census of Construction Industries (ore lim.) 
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Establishments in this industry are engaged in tne erection of structural 
steel, the olacing of concrete reinforcement and structural iron work, and the 
erection of metal storaqe tanks. 

\982 

Total Number of Establishments 1,692 

Total Number of Establishments with 
20 or Less Employees 

Percentaqe of Industry Receiots Accounted 
for by 4 Larqest Firms 

Total Emolovment o3,086 

Value of Industry Receipts $3.6MM 

Value Added $2.4MM 

Major Producinq States: CA, TX, PA, IL, NY, FL 

Source: 1982 Census of Construction Industries (prelim.' 
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Concrete Work Contractors 
SIC 1.771 

Establishments in this industrv are engaqed in concrete work and the surfacinq 
of concrete floors, applying seal to concrete or asphalt surfaces, constructing 
with qunite and stucco, and constructing private driveways and walks of all 
materials. 

1982 

Total Number of Establishments 19,884 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentage of Industry Receiots Accounted 
for by 4 Larqest Firms 

Total Emolovment 177,763 

Value of Industry Receipts $g.7~M 

Value Adderl $5 .\MM 

Major Producinq States: CA, TX, NY, ll, FL, OH 

Source: 1982 Census of Construction Industries (prelim.) 

A.S 



Electrical Contractors 

Establishments in this inrlustrv are engaqed orimarily in electrical work at the 
construction site. Also included are electric heating contractors and estab
lishments ~ngaqed in the installation of intercommunication equioment. sound 
equipment, burglar alarms, fire alarms, and telephones. 

1982 

Total Number of Establishments 38,470 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Emoloyment 444,315 

Value of Industry Receiots $2S.7M~ 

Value Added $15. \MM 

~ajor Producinq States: CA, TX, NY. IL, FL, PA 

Source: 1982 Census of Co11struction Industries (prelim.) 

A. 9 



Plumbinq, Heating (Exceot Electric), and Air Conditioning Contractors 
SIC 1711 

Establishments in this industry segment are enqaged in olumbinq, heating 
{except electric), or air conditioning work or any combination of these types 
of work. 51-teet metal work combined with any of these tvoes of work is included 
in this seqment, but roofing and sheet metal contractors are classified in 
industrv 1761. 

1982 

Total Number of Establishments 59,830 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receiots Accounted 
for by 4 Largest Firms 

Total Employment S10 ,871 

Value of Industry Receipts $32.6MM 

Value Adrlerl $16. 9MM 

Major Producing States: CA, TX, NY, IL, FL, PA, OH, NJ 

Source: 1982 Census of Construction Industries (prelim.) 

A. l 0 



Establishments in this category are enoaqed in applying plaster, plain or 
ornamental; the installation of lathing or other appurtenances to receive 
plaster; or in drywall, accoustical, and building insulation work. 

1982 

Total Number of Establishments 15,358 

Total Number of Establishments with 
20 or Less Emolovees 

Percentage of Industry Receipts Accounted 
for bv 4 Largest Firms 

Total Emolovment '09,244 

Value of Industry Receipts $9.9MM 

Value Added $6.0MM 

Major Producinq States: CA, TX, NY, IL, FL, PA, 

Source: 1982 Census of Construction Industries (prelim.) 

A. ll 



Caroentering Contractors 
SIC 1751 

Establishments in this industry are orimarily engaqed in carpentry work and the 
installation of prefabricated windows and doors (except revolving doors). Ship 
joinery contractors are also included in this industry. 

1982 

Total Number of Establishments 30,634 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receipts Accounted 
for by 4 Largest Firms 

Total Employment 134,000 

Value of Industry Receipts $5.oMM 

Value Added $3.0MM 

Major Producinq States: CA, TX, NY, ll, FL, PA, NJ 

Source: lQ82 Census of Construction Industries (ore lim.) 

A. 12 



Floor La.vinq and Other Floorwork Contractors 

Establishments in this industry segment are enqaqed in laying, scraping, 
finishinq, or refining of parquet and other hardwood flooring. Included are 
contractors that install asphalt tile, linoleum, and mastic and resilient 
floorinq. 

Total Number of Establishments 5,763 

Total Number of Establishments with 
20 or Less Emolovees 

Percentaqe of Industry Receipts Accounted 
for bv 4 Larqest Firms 

Total Employment 32,597 

Value of Industry Receipts $1.8MM 

Value Adderl $0.9MM 

Ma.ior Producing States: CA, NY, TX 

Source: 1982 Census of Construction Industries (ore lim.) 

A. 13 



Establishments in this industry segment are engaged in setting and installing 
ceramic tile, marble, and mosaic, and in mixing marble particles and cement to 
make terrazzo at the site of construction. Included are contractors engaged in 
fresco work and metel work. 

1982 

Total Number of Establishments .1,860 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Emolovment ~5,21.9 

Value of Industry Receipts $1.2MM 

Value Added $0. 7MM 

Ma.ior Producing States: CA, TX, FL 

Source: 1982 Census of Construction Industries (prelim.) 

A. 14 



Establishments in this industry seqment are enqaqed in masonry work, stone 
settinq, and other stonework. Included are boiler setting contractors, 
bricklayinq contractors, exterior marble contractors, and tuck oointinq 
contractors. 

\982 

Total Number of Establishments 20,057 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industry Receipts Accounted 
for bv 4 Larqest Firms 

Total Emplovment 120,273 

Value of Industry Receiots $4.3MM 

Value Added $2.7MM 

Major Producinq States: NY, TX, CA, PA, IL, FL 

Source: 1982 Census of Construction Industries (ore lim.~ 

A. 15 



Glass and Glazing Work Contractors 
SIC 1793 

Establishments in this industry are primarily engaged in glass and qlazinq work 
in connection with, but not limited to, building construction. 

\982 

Total Number of Establishments 3,864 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receipts Accounted 
for bv 4 Largest Firms 

Total Emolovment 36,517 

Value of Industry Receipts $2.5MM 

Value Added $1. JMM 

Major Producing States: CA, TX, NY, PA, Fl 

Source: l982 Census of Construction Industries (ore lim.) 

A. 16 



Painting, Paper Hanqinq, and Decorating Contractors 
SIC 1721 

Establishments in this industry segment are enqaqed in interior and exterior 
painting (except roofs), paper hanqinq, and decorating. 

1982 

Total Number of Establishments 24,880 

Total Number of Establishments with 
20 or Less Emolovees 

Percentaqe of Industry Receipts Accounted 
for bv 4 Larqest Firms 

Total Emoloyment 137,142 

Value of Industry Receipts $4,7MM 

Value Added $3.4MM 

Major Producing States: CA, TX, NY, PA, FL, IL 

Source: 1982 Census of Construction Industries (prelim.) 

A.l7 



Installation or Erection of Builrlinq Equipment Contractors 
SIC 1796 

Establishments in this industry are primarily enqaqed in the installation of 
building equioment, not elsewhere classifi~. such as elevators, escalators, 
oneumatic tube systems, and dust collection equioment. 

1982 

Total Number of Establishments 3,753 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receiots Accounted 
for by 4 Larqest Firms 

Total Emolovment o2,641 

Value of Industry Receipts $4.4M~ 

Value Added $3, \MM 

Major Producing States: CA, TX, NY, PA 

Source: 1982 Census of Construction Industries (ore lim.) 

A .18 



.. 

Establishments in this industry segment are engaged in the installation of 
sidinq and roofing (including roof sorayinq, painting, or coatinq). Also 
included are contractors engaqed in sheet metal work, except that rlone in 
connection with plumbinq, heating, or air conditioninq. 

1982 

Total Number of Establishments 21,':?:15 

Total Number of Establishments with 
20 or Less Employees 

Percentaqe of Industry Receiots Accounted 
for hy 4 Largest Firms 

Total Emplovment \91,526 

Value of Industry Receipts $9.8MM 

Value Added $.o.5MM 

Ma.ior Producinq States: CA, TX, FL, IL, NY, PA, OH 

Source: 1982 Census of Construction Industries (orelim.) 

A. 19 
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Hydrau 1 i c Cement 
SIC 241 

APPEND! X B 

DATA ON SEGMENTS IN THE BUILDINGS MATERIALS 
AND COMPONENTS MANUFACTURING AND SUPPLY DIVISION 

Port1and cement accounts for more than go% of the output of the hydraulic 
cement industrv. Other products include masonry, natural, oreoared hydraulic, 
and lime cements. Usually about 30% of cement output is used for residential 
construction and 70% is used for nonresidential. Further breakouts according 
to end use are qiven in subsequent cement industrv seqments, which are 
subdivisions of hydraulic cement. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industrv Receiots Accounted 
for by 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receipts 

Value Added 

~ajar Producinq States: TX, CA, PA, MI, MO 

Source: U.S. Inrlustrial Outlook, 1983, 1984 

B. 1 

\983 

<Ol 

4\ 

24 

23,000 

$3 ,8D9MM 

$2 ,020MM 

\982 

<Ol 

41 

24 

27,000 

$3,960MM 

$<,\OOMM 



Concrete Block and Brick 
SIC 3271 

About SO% of the outout of the concrete block and brick industrY is used in 
residential construction. About 35% of the output goes to nonresidential 
building, and about 15% qoes for other types of construction. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industry Receiots Accounted 
for bY 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receipts 

Value Adderl 

* 1981 data 

~a.ior Producinq States: PA, CA, MI, OH, TX 

1,273* 

925* 

4* 

16,900 

$1,576MM 

$ 663MM* 

Source: U.S. Industrial Outlook, 1982, 1983, 1984 

B.2 

1982 

16,000 

$1,445MM 



Ready ~ixed Concrete 
SIC 3273 

The readv mixed concrete industry ourchases more than 65% of all cement shipped 
in most years. ~bout 40% to 45% of the output of the readv mixed concrete 
industry is used in residential construction, about 25% in nonresidential 
buildinqs, 8% to 10% in highways and streets, and the remainder in other 
nonbuildinq construction. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Employees 

Percentaqe of Industry Receipts ~ccounted 
for by 4 Larqest Firms 

Total Employment 

Value of Industrv Receipts 

Value Added 

* 1981 data 

Ma.ior Producing States: CA, TX, FL, OH, IL 

Source: U.S. Industrial Outlook, 1982, \984 

8.3 

\983 

5. 433* 

4,076* 

o* 

B5 ,000 

$9,073MM 

$3,862MM* 

75,000 

$8,735MM 



Concrete Products N.E.C. 
SIC 3272 

The miscellaneous concrete products industrY consists of oroducers of concrete 
oioe, precast concrete, prestressed concrete, and dry mix concrete. In most 
vears, the residential construction sector purchases only about 15% of the 
output of this industry, with another 20% purchased by nonresidential 
construction. The remainder qoes to nonbuildinq construction like hiqhways and 
streets. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receipts 

Value Addeo 

* \981 data 

Maior Producinq States: CA, TX, FL, OH, ll 

Source: U.S. Industrial Outlook, 198~, 1984 

8.4 

\983 

3,9lli* 

3,054* 

9* 

52,1i00 

$3,830MM 

$2,091iMM* 

\982 

53,000 

$3,290MM 



Establishments in this industry seqment are enqaaed in the production of bricks 
and structural clay tile. Bricks are used orimarily in residential applica
tions~ while clay tile is used in non-residential. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industry Receiots Accounterl 
for by 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receiots 

Value Arlderl 

* 1977 data or based on 1977 data 

~aior Producinq States: NC~ TX. OH, AL. SC 

1983 

352* 

90* 

21* 

11,900 

$987MM 

$592* 

Source: U.S. Industrial Outloo~. 1982, 1983, 1984 

B.5 

1982 

16, DOD 

$685MM 



Vitreous Plum~inq Fixtures 
SIC 3261 

Between 60% anrl 70% of the industrv's output qoes to new residential buildings, 
about 15% to 20% qoes to new nonresidential buildings, and the remainder is 
used for replacements and additions in existing buildinqs. This industry is 
experiencing heightened competition from plastics manufacturers. 

1983 19R2 

Total Number of Establishments 70* 

Total Number of Establishments with 
20 or Less Emoloyees 

Percentaqe of Industry Receiots Accounted 
for by 4 Largest Firms 

Total Emoloyment 

Value of Industry Receipts 

Value Added 

* 1981 data 

Ma.ior Produc inq States: OH, TX, PA, IN 

Source: U.S. Industrial Outlook, 1982, 1984 

8.6 

32* 

62* 

8,000 

$613MM 

$360MM* 

8,000 

$520MM 



Metal Plumbinq Fixtures 
SIC 143\ 

Between 60% and 70~ of the industry 1 s output qoes to new residential buildinqs, 
about 15% to 20% qoes to new nonresidential buildings, and the remainder is 
used for replacements and additions in existinq buildings. This innustry is 
experiencinq heiqhtened competition from the clastics industry, 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Erne 1 oyees 

Percentaqe of Industrv Receiots Accounterl 
for bv 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receipts 

Value Arlded 

* 1q8J data 

"la,ior Producinq States: IL, OH, CA, TX, IN 

1983 

101* 

64* 

14* 

lj,400 

$638MM 

$24\MM* 

Source: U.S. Industrial Outlook, 1982, 1983, 1984 

B.7 

1982 

7,000 

$49\MM 



About 40% to 45% of the industrv output qoes to 
and the same amount qoes for replacement parts. 
nonresirlential construction work. 

Total Number of Establishments 

Total ~umber of Establishments with 
20 or Less Employees 

Percentaqe of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receints 

Value Adderl 

* 1981 data 

Maior Producino States: CA., IN~ OH, IL, TX 

Source: U.S. Industrial Outlook, 1982, 1984 

8.8 

new residential construction, 
The remainder qoes into new 

1983 

213* 

103* 

13* 

15,200 

$1,655MM 

$720MM* 

1982 

20,000 

$1,415MM 



Fabricated Structural Metal 
SIC 3441 

Fabricated structural metal plants (SIC 344l) convert metal into shapes 
(primarily steel) by cutting~ bending, welding, drilling and other methods. 
The plants produce columns, joists and trusses. These are used orimarily to 
build frameworks for buildings, bridges, and to a lesser extent, structures 
like oil drillinq rigs. No breakout by end use was identified, so figures for 
this industry seqment are slightly larger than they would be if we were able to 
consider only structural metals for commercial and residential buildings. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Emolovees 

Percentage of Industry Receiots Accounted 
for by 4 Larqest Firms 

Total Emoloyment 

Value of Industry Receipts 

Value Arlrlod 

Major Producing States: TX, PA, CA, LA, IL 

* 1977 rlata 

Source: U.S. Industrial Outlook, 1q8J, lgB4 

B. 9 

1983 

2 ,462* 

1,388* 

10% 

q2,000 

$10,300MM 

$ 4, 750MM 

1982 

2,462* 

1,388* 

10% 

104,700 

$7,300MM 

$3 ,160MM 



Prefabricated Metal Buildings 
SIC 3448 

Establishments in this industry segment manufacture metal buildings that can be 
installed on a oarticular site. The primary market for these buildings is for 
non-residential applications less than 150,000 square feet, includinq 
warehouses, small offices and restaurants. 

\983 

Total Number of Establishments 8,800* 

Total Number of Establishments with 
20 or Less Emolovees 

Percentage of Industry Receipts Accounted 
for bv 4 Largest Firms 

Total Employment 

Value of Industry Receipts 

Value Added 

Ma.ior Produc inq States: 

* 1q81 data 

Source: U.S. Industrial Outlook, \983, 1984 

B. 10 

21,000 

P,030MM 

1982 

23 '100 

$2, lOOMM 



Sheet Metal Work 
SIC 3444 

Establishments in this industry segment are engaged in manufacturing sheet 
metal products for the construction industry. Products include roof drainage 
equipment~ soffits and fascia, siding, stove pipe, heatinq and air conditioning 
ductwor~. awnings, carports, and drainage culverts. Another imoortant market 
for sheet metal products is air pollution abatement equipment, including air 
ductinq, hoods, pans, convevor enclosures, ventilating ducts, and dust hoooers. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Employees 

Percentage of Industry Receiots Accounted 
for bv 4 Larqest Firms 

Total Employment 

Value of Industry Receipts 

Value Added 

Major Produc inq States: 

Source: U.S. Industrial Outlook, 1981, 1984 

B.ll 

1983 

72 '100 

$n,750MM 

1982 

79,700 

$6,700MM 



Flat Glass 
SIC 3211 

This indust~v segment is enqaqerl in the manufacture of float, plate, tempered 
and laminated qlass Primarily for the construction and the automobile 
industries. 

Total Number of Establishments 

Total Number of Establishments with 
20 or Less Emo 1 oyees 

Percentage of Industry Receipts Accounted 
for by 4 Larqest Firms 

Total Employment 

Value of Industry Receipts 

Value Added 

Major Producing States: OH, TN, IL, PA 

Source: U.S. Industrial Outlook, 1983, 1_q34 

B. 12 

1983 

o2 

30 

90 

15,600 

$1,560MM 

$ 850~M 

1982 

o2 

30 

90 

14,500 

$1,840MM 

$1,016MM 



MATERIALS AND COMPONENTS MANUFACTURING AND SUPPLY 

Manufacturing Housing Firms 

Total Units Shipped, )q8o 

Percentage of Production Units Accounted 
for by 4 Largest Firms 

Percentaqe of Production Units Accounted 
for by 30 Larqest Firms 

Manufactured Homes as a Percentage of All 
Housinq Units Sold in lQBO 

221,000 

28 

77 

29 

Source: ~utt-Powell, Thomas E. 
Comoanv, Boston, Massachussetts, 

Manufactured Homes. Auburn House Publishing 
1982. 

B. 13 



Current-carrying Wiring Devices 
SIC 3643 

1982 

Value of shipments 2,558 

Total employment 45.3 

Noncurrent-carrvinq Wirinq Devices 
SIC 3644 

Value of shipments 

Tota 1 emo 1 oyment 

Liqhtinq Fixtures 
SIC 3645, 3646, 1648 

Value of shipments 

Total employment 

Sawmills i!nd Planinq Mills, General 
2421 

Vi!lue of shipments 

Total employment 

B .14 

1982 

2,400 

26.3 

4,040 

53.0 

11,897.1 

153.1 



-

Hardwood Dimension and Flooring 
SIC 2426 

Value of shioments 

Total employment 

Particleboard 
SIC 2492 

Value of industrial shipments 

Value added 

Total emoloyment 

Tot~l number of establishments 

Percent of industry shioments accounted 

1983 

1,l43.3 

23.0 

1983 

591 

260 

4.5 

63 

for by 4 laroest coomoaniP.s 48 

Major producinq states: OR, CA, MI, VA, GA, LA 

Source: U.S. Industrial Outlook, 1984 

8.15 



Softwood Veneer and P 1 vwood 
SIC :>4~6 

Value of industry shioments 

Value added 

Total employment 

Total number of estab 1 ishments 

Percent of inndustrY sh ioments accounted 

1983 

4,444 

1. '511 

39.1 

256 

for by 4 larqest companies 38 

Major producinq states: OR, TX, AK, LA, WA 

Source: U.S. Industrial Outlook, 1984 

lvlillwork 
SIC 243! 

Value of shioments 

Total emolovment 

Structura 1 I.Sood Members, NEC 
SIC 2439 

Value of shioments 

Total employment 

8.16 

1.983 

6,16fi.O 

73.8 

gyo.? 

11.4 
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APPE~DIX C 

SWEETS CATALOGUE RECIPIENTS 

CONTRACT INTERIORS ~ARKET 

INOUSTR Y SEGMENT 

Interior Desiqn Offices 

Interior Desiqn Departments in Architectural 
Offices 

Custom Contract Oeoartm~nt 

Coroorate Buildi~q Departments 

Ferl~ral, State, Municipal Deoartment and 
~uyina Aqencies 

Schools, li~raries, Plan Rooms 

TOTAL 

NUMBER OF FIRMS 

2. 966 

1,470 

617 

644 

124 

!57 

1,978 

HOMEBUILDING AND REMODELING MARKET 

INDUSTRY SEGMENT 

Builders and Contractors 

Architectural Offices 

Builrlers and Contractors Employinq Architects 

Contractor Remodelers 

c. l 

NUMBER OF FIRMS 

8. 578 

1,831 

178 

8,174 



Remo-lelers 

Buildinq ~aterial Dealers 

Dea 1 er-Bu i 1 ders 

Industrializerl Buildinq Manufacturers Miscellaneous 

Federal, State, Municioal Departments and 
Buying Aqencies 

Libraries, Schools 

TOTAL 

MECHANICAL ENGINEERING MARKET 

INDUSTRY SEGMENT 

Offices Doing ~echanical Engineerinq 

Enqineers on Staff of Public & Private Owners 

Desiqn Construct Enqineers 

Other Enqineerinq 

Contractors 

Schools 

TOTAL 

ELECTRICAL ENGINEERING MARKET 

INDUSTRY SEGMENT 

Offices Doinq Electrical Enqineering 

Enqineers on Staff of Public and Private Owners 

Desiqn Construct Engineers 

Other Engineering 

C.2 

3,603 

2,879 

893 

?74 

18 

109 

2fi ,1.18 

NUMBER OF FIRMS 

4,213 

1,142 

307 

864 

J,46fj 

151 

10,147 

NUMBER OF FIRMS 

3,746 

l, 231 

306 

1,058 



,. 

-
• 

Contractors 

Schools 

TOTAL 

CIVIL ENGINEERING MARKET 

INDUSTRY SEGMENT 

Offices Doinq Civil Enqineerinq 

Enqineers on Staff of Public and Private Owners 

Desiqn Construct Engineers 

Other Engineerinq 

Contractors 

Schools 

TOTAL 

3,328 

155 

9,824 

NUMBER OF FIRMS 

o,028 

1,50\ 

310 

585 

,_' 254 

155 

q ,833 

GENERAL BUILDING AND RENOVATION MARKET 

INDUSTRY SEGMENT 

Architectural Offices 

Architectural and Engineering Offices 

General Contracting Firms Emplovinq Architects 

Contracting Companies Emolovinq Architects 
anrl Enq ineers 

Soecialized Consulting Firms 

Building Design Enqineers 

Consultinq Engineers 

Enqineerinq and General Contracting Firms 

General Contractinq Firms 

Construction Management Firms 

C,3 

NUMBER OF FIRMS 

9,484 

':?'' 335 

739 

108 

79 

331 

157 

56 

5,\16 

60 



State, ~unicioal Departments and Buying Agencies 

Coroorate Building Departments 

Schools, Libraries, Plan Rooms 

TOTAL 

384 

899 

102 

19,850 

INDUSTRIAL CONSTRUCTION AND RENOVATION ~ARKET 

INDUSTRY SEGMENT 

Architectural Offices 

Architectural and Enqineerinq Offices 

General Contracting Companies Employing Architects 
and Engineers 

Design Engineering Offices 

Corporate Building Departments 

Federal, State, Municipal Departments and 
Buvi ng Aqenc i es 

Schools, Libraries, Plan Rooms 

TOTAL 

C.4 

NUMBER OF FIRMS 

765 

475 

44 

951 

15,682 

(1)0 

220 

2\ ,092 



APPENDIX D 

PUBLICATIONS FOR BUILDINGS INDUSTRY 



0 

Publication 

ARct/ITECJURE 

A I A Jou~na l 

AUA Newslette~ 

A~chitectural Record 

CRTT 

Fo~• & Function 

Historic Preservation 

Progressive Architectu~e 

BlJIL.OlNG AIID COMSTR\JCrJ{lrl 

American Building Supplies 

American Roofer and Building 
IIIIJ!rovement Contractor 

Builder 

Builder & Contractor 

Building Design and Construction 

Building Ope~sting Management 

Building Supply News 

Buildings 

Comnercial R...odellng 

Conc~ete Construction 

Construction Bargaineer 

Constuctton Contracting 

Construction Equl~nt 

Constructo~ 

Ha.e Center Magazine 

H"""' r.,provE'tllent Contractor 

PUBLICATIONS IN BUltOING RELATED INDUSTRIF-~ 

Ta~geted Audtence 

PTofesBional Architects 

Uni•ersity Architec:ts 

Professional Architects 

Architecture Students 

Professional Architects 

Trade Publication 

Trade Publication 

H ..... Builders 

Contractors 

Trade Publication 

Ca..ercial Builde~s 

Trade Publication 

Construction & Bldg. Hgmt. 

R....,delers 

Trade Publication 

Building Equi.,..ent Supplte~a 

Contractors 

Equtp.ent Suppllera/Buye~s 

Construction Managers 

Building Materials 

Trade Publication 

Circulation Fr.-quency 

43.000 Monthly 

controlled Quarterly 

77,000 Monthly 

30,000 Semiannual 

110,000 Qu&rterly 

125,000 Bimonthly 

71,000 Monthly 

34,500 Monthly 

30,000 Monthly 

\35,000 Monthly 

18,500 Monthly 

(tty 

Washington 

ledngton 

New York 

Washington 

Chicago 

Washington 

Sta11ford 

Atlanta 

Bolinas 

Washington 

Washington 

63,555 Monthly Des Platn .. s 

6">,000 Monthly Mil..,.ukee 

36,568 Hontl>ly O..s Plaines 

JJ,OOO Monthly Cedar Rapids 

40,100 Bt .. onthly ChiCIIRO 

73,000 Konrhl7 Addison 

136,000 Se-i~~<~nthly St. Paul 

58, 50) MonthlJ Redondo Beach 

89,648 IJ/Year Des Platn .. a 

20,000 Monthly W&shington 

32,000 Monthly Chicago 

30,000 Monthly Cl>ic~P" 

' 

Stat" 

oc 

" 
" 
oc 

ll 

oc 

IT 

" 
" 
oc 

oc 

ll 

'I 

ll 

lA 

ll 

ll .. 
" 
ll 

oc 

ll 

ll 

Hfi ll~t lnn 

Ame~lcan lnstltutP of Architects 

Association of Univ .. rsity Architects 

AlA, Association of Student Chapters 

U.S. Gyps.., Co. 

National Trust for Historic 
Preservation 

Netionel Association of Hom<' Builders 

Associated 8u1lders and Contractors 

Associeted Gener&l Contractors of 
Aooeric& 
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1/ou~ .. ll<'autiful's Building Manual 

lnsulat Jon Out look 

t1 ll But Jder N .. w~ 

Manufactured flousing Newslett~r 

Hulti !lousing N .... s 

Professional llui!dPt and AparlmPnt 

Businpss 

Prof .. 9 ,.;onal Jlpmodeling 

R<'mod .. Jing Contractor 

Sheltfot 

Skylines 

Spe~ifying Engineer 

WPf'kly Abstract NewsiPtler: 
Bu1lding Industry TPrhnolOBY 

N ENGINEERING 

ASHF: News 

Clvll EnBineering 

~'"'' f.ngin~ering for hactirin~ & 
Pestgn EnBIOPPr~ 

fW.~ign Professional Produr! llullP!in 
Directory 

Fngtneerinl! News-IIPcord 

.Journal of Engineering Hechanics 

""""' Tmpro~e,..,nts 

Professional Insulators 

K~nufactur~d Hom<' DuildPrs 

Hanufactured Hom<' Aui ldpr.~ 

Apart01<>nt House Bui ld<"rs 

Apartment House Builders 

Trade Publication 

Trade Publication 

Building Products 

1\utlding Owners & Managers 

Trade Publication 

Building Industry 

Mechanical Engine<'tS 

Ci•ll Englnpers 

Chi! En11ine~r~ 

F.nginPers 

Chi I Engine<'rs 

Journal Of Solar Energy Engineering Engineers 

_Journal of Stru< rural F.nJ!ineerlng Structural Engineers 

Journal of Structural He<.hanics Structural Engin<'ers 

Hechanlcal Engineering Hechantcal EnglnPers 

World Con~truction Engineers 

115,000 

l8,(XX) 

I I ,6'11 

r,n 

41,000 

114,000 

36,627 

20,000 

25,000 

>.000 

17,000 

IGO,COO 

Unknown 

90,000 

Unknown 

106,000 

uoo 

Unknown 

'·""' 
Unkno"n 

""·"" 
30, ">00 

Quarterly 

Honthly 

6/Yr~r 

s~mtll>on!hly 

Honthl y 

Honthly 

11/YPar 

Monthly 

11/Year 

Honth\y 

Honthly 

l<leekly 

Honthly 

Honthly 

Rtroonthly 

Quartnly 

Weekly 

Dlll!Onthly 

Quarterly 

Honthly 

4/Year 

Honthly 

Honthly 

New York 

\lashington 

rhic~R" 

RM t, ll~! nn 

Nrw Yntk 

[k.s Plain<"" 

New York 

Ha5brouck Heights 

Gerroantown 

\lashinRtnn 

Des Plaines 

SprinRft<'ld 

New York 

New York 

Eirodord 

II<Hrington 

New York 

New York 

Ne" Yt>rk 

Ne" York 

N.,w York 

Nr" York 

N~" York 

NY 

oc 

"· 
"· 
NY 

II 

NY 

" ,.. 
oc 

II .. 

" 
NY 

" 
II 

" 
" 
" 
" 
" 
" 
" 

National Insulation Contractors 
Association 

National Remodelers Association 

Building Owners and Managers 

Association International 

Nation~! Technical Inforroation Setvic<' 

AMerican Society of ~chanica! 
Engineers 

A~erican Society of Civil Engineers 

A-..rtran Society of Civil Engineers 

American Society of Hechanical 
Engineers 

A~erican Society of Civil Engineers 

American Society of Hechanical 

Engineers 

llun & Bradstreet 
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ORGAIIIZAT!ONS IN BU!LiliNt; RH~ATED JNIXISTRIES 

Organization M<"mbers Clly Stat<! 

CONSTRUCTION 

Advisory Board on the Built Envtron.ent " Washington oc 

A~rlcan Butldtng Contractors Assoctation ""' Los Angeles " 
American Institute of Constructors ',OCX> Oklahoma City 

" 
Associated Bu1lders and Contractors lb,OOO Washtngton oc 

Assooated General r.ontractors of Aoenca '.""' w~,.lungto11 DC 

Associated Specialty Contractors 25,000 Washwgton DC 

Association of the Wall and Cetling Industries 

""" Washington 0C 

Construn ton SpecdtLations Jnsutute 16,000 Wastungton oc 

Electrical lnstit<He Study Board 3 ,OCX> Chtcago 

" 
Foundat ton of the Wall and Cetlins Industry wo w .. 5hinston oc 

Independent Ele<:trtuol Contra~tors 

'" 
Washington oc 

lnsulat>on Contractors Association of Amer>ca 

""' 
Wa51lington oc 

Mason Contractor Association of America I, 500 Oakbrook Terrace IL 

Mechan>ral Contractors Association of America I, 7()(1 0/ashington DC 

I ' 

Publ teat ton~ 

Newslett<>r 

A~rican Dutlding Contractor 

Newslet teT 

AIC Register 

The Dutlder and Contractor 
Scoop 
Classified Membership Dlr. 
Salet~ Manuals 

National Newsletter 
Constructor 

Constructor Annual Roster 
National Associate Me~ber 

Manuals, Cuides, Etc, 

None 

The Bulletin 
Construction Di.enstons 

Magazine 
Who's Who in the Wall ond 

Ceiling Industry 
Buyera Gutde for the Wall 

and Ceiling Industry 

The Specifier 
liembeuhip Dir. 

Conduit 

foundation Updates 

News Cir<:utt 
Kembership Directory 

Bulletins 

IC-AA News 
Directory 
Brochures 

Newsletter 
11iosonry 

Dneanry 

Mechanical Contractor and 
Report..r 

lic10bersh1p Dir. 
Mandge.cnt and Training 

~irls 

Fn·~uo·m V 

Quartery 

Monthly 

Month! y 
Biennial 

Monthly 

Bi-onthly 
Annual 

Weekly 

Monthly 
Annual 

Annual 

in-Weekly 
Honthly 

Annual 

Honthly 

Annuol 

Quarterly 

Honthly 

Monthly 

Annual 

18-20/year 
Honthly 

Se•iannua I 

Se•tiiK>nthly 
!!/lear 

Annual 

Monthly 

Annual 
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Publication 

BUILDJMG AMD OOMSTRUCTIOM 

lluilder Architect-Contractor 

Engine .. r 

Builder bevf"loper West 

Building Construction Mews 

California Builder 

California Builder and Engineer 

Connecticut Construrtion 

Contracting in the Carolinas 

Dixie Contractor 

Illinois Building News 

Intermount!lin Contractor 

Louisiana Contractor 

Hichigan Contractor & !luildPr 

Hid-WPst Contractor 

N .. w England Construction 

New Jersey Shore Builders 
Association Bulletin Board 

Northwest Construction News 

Daily/Weekly 

Pacific Builder and Engineer 

Rocky Hoountain Construction 

Southern California Heavy 
Construction 

Southern Building 

Sun Coast Architect Builder 

Texas Contractor 

Utah Construction Report 

lti'CIONAL PIJRLTCATIONS IN BIJH,DING RfLATF.D INDIISTR!f~'i 

Targeted Audienc., 

Builders 

Apart-ent Contractors 

Builders 

Builders 

Builders 

Builders 

Contractors 

Contractors 

Building Suppti .. rs/Buyers 

Contractors 

Contractors 

Engineers and Builders 

Contractors 

Builders 

Builders 

Builders 

Ensineers and Builders 

Builders 

Ensineers 

Buildins Codes 

Architects/Builders 

Contractor& 

Builders 

Circulal ion fr.,quenc y f:lty 

1,300 Honthly Phoenix 

25,618 Honthly Anahei• 

controlled Honthly Cleveland 

6,000 Honthly S<ln Francisco 

\2,000 IH,_,nthly hlo Alto 

1, 4()() !Hmonthl y Farml ngt on 

4,590 Quarterly Darlington 

!1,757 fortnightly Decatur 

\,500 Honthly Springfield 

3,000 Weekly S..tt Lake City 

6,000 Monthly Baton Rouge 

),691 Weekly Detroit 

8,33) 2/Konth Kansas City 

5,168 Fortnightly Lf'xington 

2,200 Monthly Briel< Town 

unknown Daily/Weekly Seattle 

8,900 Semi1110nthly Seattle 

9, 712 Fortnightly Denver 

5, 700 9/Year Santa Fe Spr lngs 

5,100 Bt1110nthly Bir111inglla• 

40,300 Monthly Los Anseles 

5, 719 Se~~~imonthly Dallas 

1,750 Quarterly Salt take City 

StAte 

" 

" 
"' 
CA 

" 
cr 

sc 

" 
IL 

"' 
LA 

HI 

"' 
"' 
NJ 

" 

" 
00 

CA 

AL 

CA 

.... 

"' 

Rf'Rion 

South ..... st 

West Coast/California 

Northern Ohio 

California 

California 

Conne<:ticut 

North and South r~rolina 

Southeast 

Illinois 

Rocky Mountains 

Louisiana 

Michigan 

Hidwest 

New England 

New Jersey Shore 

Northwest 

Pacific Coast/Northwest 

Rocky Hountains 

Southern CaUfornia 

Southeast 

Pacific Coast 

Teltas 

Utah 
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l.l'Pst Virginia Construction Neva 

io'.-stern fluild.,r 

ENGINEERING 

CIM Construction Journal 

Ohio County En~ineers' News 

Contractor~ I ,200 Ai.,onthly 

Engineers snd Builders 4,600 We .. kl y 

Engineers 850 Weekly 

Engine,.ts 5, 200 Quarter] y 

(h~rl.-~tn..-n "" 
w,._~, Virgin I" 

MilwilukN' " 
Wlscon~ln, uppPt Michl~""· '· Ill Inn I• 

Boston "' Construction Industries of Hassechuse~ 

Columbus 
~· 

County Engineers Association of Ohio 
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