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FOREWORD 

This interim report on the National Program Plan for Passive 
Solar Heating and Cooling was prepared by the U.S. Department of 
Energy (DOE), Office of Conservation and Solar Applications (Pas
sive Solar Program). The Plan is based on a thorough assessment 
of the present status of passive and hybrid solar heating and cool
ing. It is written for those familiar with the basics of solar 
heating and cooling, but not necessarily a detailed understanding 
of passive solar systems. The Plan describes the Federal program 
for passive solar systems for buildings and agricultural and indus
trial process heat applications,t including those activities to be 
funded in whole or in part by the Federal government. 

The Plan is an integral part of the Department of Energy's 
objective to stimulate the development of an industrial, commer
cial, and professional capability for designing, producing, and 
distributing solar energy systems, thus contributing toward meet
ing our national energy requirements through the effective use of 
solar energy. The development and utilization of passive solar 
heating and cooling are essential elements for accomplishing this 
objective, 

This report complements several previous national programs 
for solar heating and cooling of buildings, agricultural and indus
trial process heat, and solar. heating and cooling research and 
development. It is a comprehensive plan addressing not only re
search and development needs but also activities necessary to sup
port and stimulate the utilization of passive solar systems, To 

tThe present interim report of the National Program Plan for Passive 
Solar Heating and Cooling does not include activities related to 
agricultural or industrial process heat applications. However, 
this section will be prepared and included in the Final Plan. 



assure the completeness and appropriateness of the Plan, this interim 
report will be widely circulated for review and comment by all those 
concerned with the development and utilization of passive solar sys
tems, 

Additionally, it is expected that several organizations, such 
as the American Institute of Architects; the American Society of 
Heating, Refrigeration, and Air-Conditioning Engineers; the National 
Association of Home Builders; and the Solar Energy Industry Associa
tion, will conduct formal reviews of this Plan and provide DOE with 
comments and recommendations, 

A final report on the National Program Plan for Passive Solar 
Heating and Cooling will be issued late in 1979, Comments should 
be received no later than May 30, 1979. Comments should be sent 
to: 

Dr, Frederick H. Morse 
Conservation and Solar Applications 
U.S, Department of Energy 
Washington, D.C. 20545 

' It is anticipated that this Program Plan will be revised, amended, 
and updated on a regular basis as results of and experience with imple
mentation become available. 
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INTRODUCTION 

This report represents the Department of Energy's National Pro
gram Plan for Passive Solar Heating and Cooling of Buildings, Domestic 
Hot Water, and for Agricultural and Industrial Process Applications, 
It is part of the federal program of research, development, demonstra
tion, and commercialization to establish solar energy as a viable 
energy resource for the nation, Authority for the establishment of 
a vigorous federal solar energy program comes from the Solar Energy 
Research, Development, and Demonstration Act (P.L. 93-473), signed 
into law on October 26, 1974, 

Program planning of solar energy research, development, demon
stration, and commercialization is being carried out under guidelines 
established by P.L. 93-473 and by four other legislative acts passed 
by the 93rd and 94th Congresses: the Solar Heating and Cooling 
Demonstration Act of 1974 (P,L. 93-409), the Energy Reorganization 
Act of 1974 (P.L. 93-438), the Federal Non-Nuclear Energy Research 
and Development Act of 1974 (P,L. 93-577), and the Energy Conserva
tion and Production Act of 1976 (P,L. 94-385), Together with the 
Department of Energy Organization Act of 1977 (P.L, 95-75), which 
consolidated the energy functions of ERDA, FEA, and several other 
federal agencies into the Department of Energy, these five laws 
give authority to DOE to undertake a wide range of activities as 
part of a research9 development, demonstration, and commercializa
tion program aimed at effective energy utilization. This program 
is spelled out in part in the "Definition Report: National Solar 
Energy Research, Development, and Demonstration Program'' (ERDA-49). 

The primary goal of the program is to work with industry in the 
development and early introduction of economically competitive and 
environmentally acceptable solar energy systems to help meet national 
energy requirements. One element of the program, Direct Thermal 
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Application, has as its purpose the accelerated, widespread applica 
tion of solar heating and cooling and solar process heating systems 
that are economically viable as well as socially and environmentally 
acceptable. This program element has two interrelated subprograms: 
Solar Heating and Cooling of Buildings, and Agricultural and Indus
trial Process Heat Applications. DOE has prepared program plans for 
each of these applications--National Program for Solar Heating and 
Cooling of Buildings (ERDA 76-6) and Program Description: Solar 
Energy for Agricultural and Industrial Process Heat (ERDA 76-88)--as 
well as a detailed Solar Heating and Cooling Research and Development 
Plan (DOE/CS-0008). The present Program Plan is a comprehensive set 
of activities related to the development and use of passive solar 
heating and cooling that is only generally outlined in the other 
three documents. 

In this Plan, it is recognized that the application of passive 
solar heating and cooling involves, to a significant degree, existing 
materials, components, and assemblies such as glazings, concrete and 
masonry products, and insulation, that are commonly used in the con
struction industry. It is the application and design of these mater
ials, components, and assemblies into an architectural form that con
trols natural energy flows through the structure (from and between 
collection, storage, and the space) that constitutes most passive 
solar heating and cooling systems. Furthermore, since many of the 
key components for passive solar systems exist or are under develop
ment, the Plan builds upon this existing technology. By supporting 
work on a wide range of problems, the Plan seeks to assist the industry 
(including manufacturers, designers, suppliers, installers, consumers, 
regulators, lenders, researchers, and legislators) in developing cost
effective components and systems, and the capability to effectively 
and appropriately use passive solar heating and cooling. The Plan 
seeks to balance the emphasis on problems surrounding the development 
of passive solar systems with those problems surrounding the utiliza
tion of passive solar systems. Only with a conscious concern for and 
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a directed program in both areas will the accelerated, widespread 
use of passive solar heating and cooling for buildings and for agri
cultural and industrial processes occur. 

Government 1
S Role 

As in all Federal program plans, an important issue is the nature 
and extent of the government 1 s role in the processes of developing a 
technology and facilitating its use. The stated Federal goal of energy 
related research, development, demonstration, and commercialization is 
to perform a supplementary role: to support what is not or cannot be 
supported by the private sector. This focus implies that Federal in
volvement in technology development and utilization should build on 
an existing industry capability; that the government should engage 
in areas of research, development, demonstration, and commercializa
tion in which industry cannot; or that the urgency of the problem/need 
and the degree of the risk is such that Federal participation is re
quired to accelerate the development and utilization of a technology. 

This intent is clearly stated in legislation establishing the 
National Solar Energy Research, Development, Demonstration, and Com
mercialization Program. The Solar Energy Research, Development, and 
Demonstration Act of 1974 states that it is the policy of the Federal 
government to: 

• pursue a vigorous program of research assessment of solar 
energy as a major source of energy for our national needs; 
and 

• provide for the development and demonstration of practical 
means to employ solar energy at a commercial scale. 

Just as importantly, this Act, as well as the Federal Non-Nuclear 
Energy Research and Development Act of 1974 and the Solar Heating and 
Cooling Demonstration Act of 1974 outlines the decision criteria that 
should be used by federal agencies in the technology development and 
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utilization process. These include: 

• A determination of the extent of the problem and whether 
the objectives of the program are national or widespread 
in their significance; 

• The urgency of the public need for the potential results 
of the program, the immediate and potential applications 
of the solar energy that would be collected and converted 
to useful forms by the program, and the effect of the energy 
produced in conserving other non-renewable forms of energy 
and yet facilitating the availability of adequate supplies 
of energy to all regions of the United States; 

• The technological feasibility of the program, including 
improvements that it might provide in the efficiency of 
energy production and use, the reduction of waste mater
ials or waste energy, and the potential of the program for 
production of net energy; 

• The potential economic viability of the process that would 
be developed by the program, as determined by an economic 
assessment of how competitive its energy products would be 
with those of processes using either alternative sources of 
energy or alternative technologies; 

• The environmental and social impacts and consequences of the 
systems produced as a result of the program and, in particu
lar, the impacts of the use of water required at the commer
cial application stage; 

• The potential for the transfer of the technology developed 
from the Federal government to the private sector and to 
other applications; 

• The nature and extent of Federal participation, if any, re
quired in the programand, in particular, consideration of 
the following questions: 
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(1) Are there potential opportunities for non-Federal 
interests to recapture the Federal invesment in the 
undertaking through normal commercial utilization of 
proprietary knowledge gained during the project, and 
are opportunities sufficient to encourage timely results? 

(2) Are there potential opportunities to induce non-federal 
support of the undertaking through regulatory actions, 
end-use controls, tax and price incentives, public 
education, or other alternatives to direct Federal 
financial assistance? 

(3) Is the degree of risk involved in developing and imple
menting the program too high to encourage non-Federal 
entities to undertake such actions? 

(4) Does the magnitude of the investment required to under
take the program appear to exceed the financial capabi
lities of non-Federal entities that might otherwise be 
encouraged to undertake such actions? 

These criteria have been considered during the preparation of 
this program plan" However, it is recognized that our present know
ledge of performance and costs of passive solar heating and cooling 
is limited. Consequently, many of the recommended tasks are directed 
toward developing the information necessary to more fully determine 
appropriate government action. 

Technology Status 

As part of the preparation of this National Program Plan, a 
meetingt was held with representatives from industry, universities, 

tThe meeting was held in Reston, Virginia, October 31 -November 2, 
1977, and was attended by 70 individuals with expertise in passive 
solar heating and cooling" 
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and federal and state government agencies. The objectives of this 
meeting were to: 

• Assess the present state of the art of passive solar heat
ing and cooling, both in terms of the development and 
utilization of the technology; 

• Identify major problems limiting improved performance, 
reduced costs, and/or widespread utilization; and 

• Recommend short- and long-term tasks to solve these problems, 

Subsequently, numerous other meetings were held in support of 
DOE 1 S Commercialization Readiness Assessment to identify energy 
technologies that can have a significant near-term impact on energy 
consumption, These meetings, held throughout the summer and fall 
of 1978, involved hundreds of individuals from the design profes
sions, commercial and residential construction industry, utilities, 
lending institutions, state and local governments, national labora
tories, regional solar energy centers, manufacturers and suppliers, 
and consumers, The purposes of these meetings were to assess the 
commercial readiness of passive solar systems, including a deter
mination of market penetration and energy displacement, and to pro
pose a commercialization strategy for accelerating the widespread 
application of passive techniques. 

From these meetings, a review of the literature, and other dis
cussions, the status of passive solar heating and cooling was de
fined, The following points became clear: 

e Passive solar systems can provide a major part of a build
ing•s thermal energy requirements, 

• Passive solar systems are, in general, more cost-effective 
than active systems. 

• For passive heating, potential overall system efficiencies are 
high because of the low temperatures of collection. 
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• The state of the art varies greatly for different passive 
solar systems, Passive solar cooling is generally less 
developed than passive solar heating. 

• Passive solar design concepts and climactic regions are so 
varied that careful analysis is required to determine the 
most cost-effective systems for different applications, 

• Emphasis to date has been directed primarily to new residen
tial buildings. Significant opportunities exist for the use 
of passive solar systems in new commercial buildings and in 
existing residential and commercial buildings, 

• The two major problems to be addressed are user-oriented 
design methods and increasing the awareness~ knowledge, and 
understanding of passive solar systems by the building indus
try and the general public, 

• A large body of knowledge and information exists that directly 
or indirectly relates to passive solar systems. However, this 
information is generally not widely known or applied to pas
sive solar design. A major effort should be undertaken to 
identify, collect, evaluate, repackage (if necessary), and 
disseminate this information. 

• The potential for early commercialization and significant 
energy impact is high because many simple passive solar 
approaches are cost-effective in almost every part of the 
country today, 

• Passive systems are based upon the effective use of common 
building materials and construction techniques resulting in 
minimum likelihood of malfunction. Their high reliability 
results from using few moving parts, moderate operating tem
perature ranges of components, and use of time-proven materials. 

• Operating costs are negligible and maintenance is very small 
compared to capitalization expense. 
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• Although development of some specialized products would be 
helpful, most materials, manufactured products, and construc
tion methods needed for commercialization are now commonly 
employed in building construction" 

• Few institutional barriers exi to the widespread applica-
tion of passive systems and those that do exist can be over
come through an effective commercialization program" 

• Widespread use of passive solar systems poses no significant 
on-site or off-site environmental hazards" 

Structure of the Program 

The National Passive Program is organized around two interrelated 
program areas: Technology Development and Technology Utilization" 
Together, these two areas are seen as processes for achieving the 
accelerated widespread use of passive solar heating and cooling" 

Technology development is simply that process through which an 
idea is developed to a point of potential widespread application" 
Its focus is towards research, development, testing, and assessment 
of a technology" The outcome of the technology development process 
is generally either a product (hardware) or documentation of results 
(software) leading to the development of user-oriented design methods, 
or both" 

Technology utilization is the process of identifying cost
effective, environmentally and socially acceptable technologies and 
developing a conducive application environment (market) for those 
technologies. I activities include determining the readiness of 
a technology in terms of performance and cost for entering the mar
ketplace, assessing potential markets, identifying and mitigating 
restrictions to use, performing technology transfer and market 
development activi es, and monitoring and feeding back information 
within and between the utilization process and the development process" 
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Structure of the Plan 

The National Program Plan for Passive Solar Heating and Cooling 
consists of four major parts. The first part (Sections A through D) 
describes the planning context. A definition of a passive solar sys
tem is given, as well as a background of Federal involvement in passive 
solar heating and cooling, program goals and objectives, and an overall 
implementation approach. The second part (Sections E through G) add
resses the technology development program area. Background information 
on the status of and the strategy and emphasis for technology develop
ment is provided, followed by descriptions of passive heating and pass
ive cooling systems and an overview of task classifications for tech
nology development. The third part (Sections H through K) describes 
the technology utilization program area. Again, background information 
is given on the status of and the strategy and emphasis for technology 
utilization. This is followed by a narrative description of the tech
nology utilization process and an overview of task classifications for 
technology utilization. 

The fourth part (Appendices) provides detailed information on the 
tasks and schedules. Appendix A contains brief descriptions of the 
technology development tasks. Appendix B presents system development 
schedules for promising passive solar heating and cooling systems 
selected for intensive development activity. Appendix C contains 
brief descriptions of the technology utilization tasks. Appendix D 
presents schedules for utilization tasks selected for near-term 
implementation. As previously noted, the tasks necessary to develop 
and introduce agricultural and industrial process systems are not 
described in this plan. Appendix E presents the projected energy 
impact of passive solar space~heating of residences and light com
mercial buildings. These projections were generated for the Depart
ment of Energy document, ~~commercialization Strategy Report for Pas
sive Heating." 
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SECTION A: 
DEFINITION OF PASSIVE SOLAR SYSTEMS 

A passive solar building is designed to maximize utilization of 
the environmental resource while minimizing consumption of the con
ventional fuels used for heating, cooling, and energy distribution/ 
management. This is generally accomplished by the architectural ele
ments and features of the building through the purposeful collection 
(dissipation), storage, and distribution of energies available at the 
site. The passive solar components are not easily distinguishable 
from the remainder of the structure since they serve multiple func
tions. This section defines passive systems as used in this Plan 
and differentiates active, passive, and hybrid systems for heating, 
cooling, and domestic hot water appli ons. 

General Definitions 

The most widely accepted definition of a passive system is one 
in which the thermal energy flow is by natural means (involving con
duction, convection, radiation, and evaporation), 

An active system is one in which all the thermal energy flow is 
by forced means (involving fans or pumps). 

A hybrid system is one incorporating a major passive aspect~ 
where at least one of the significant thermal energy flows is by 
natural means and at least one is by forced means. 

The rationale for these definitions for heating, cooling, and 
hot water systems is presented below. 

Space Heating 

A solar space heating system contains the following elements: 

• a space (or, more specifically9 contents) to be heated; 
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• a collector where solar radiation is admitted into the 
system and converted to heat by an absorber (this may be 
nothing more than a surface of the normal building envelope); 

• thermal storage (this may be nothing more than the normal 
thermal capacity of the building mass. 

Possible energy flows exist between: 

• collector and storage; 
• collector and space; 
• storage and space. 

In a given system, some of these connections may not exist (or they 
may be insignificant). 

The energy flows will fall into one of two broad categories: 
• forced (using fans or pumps); or 
• natural (involving conduction, convection, radiation, etc.). 

The distinction being made is based on the driving influence causing 
the energy flow, and not on the degree of regulation. The term 11 na tura 111 

energy flow 11 is not synonymous with "unregulated energy flow.~~ Natural 
energy flow can, in fact, by highly regulated by mechanically-actuated 
controls, such as dampers or moving insulation. The import and point 
is that the flow motivation derives from non-mechanical sources. 
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If all of the significant exchanges linking the three elements 
involve forced flow~ the system shall be classified as active. 

If all of the significant exchanges linking the three elements 
involve purely natural flow, the system shall be classified as passive. 

If at least one of the exchanges involves forced flow and at 
least one involves purely natural flow, then the system shall be 
classified as hybrid. 

This Plan encompasses passive and hybrid space heating systems. 

Space Cooling 

A space cooling system contains the following elements: 

e a space (or, more specifically, contents) to be cooled; 

e an environmental sink to which heat is discharged (sky, 
atmosphere, or ground); 

e thermal storage (this may be nothing more than the normal 
thermal capacity of the building mass). 

If all of the significant exchanges linking the three elements 
involve purely natural flow, the system shall be classified as passive. 

If all of the significant exchanges linking the three elements 
involve forced flow, the system shall be classified as active. 
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If at least one of the exchanges involves forced flow and at 
least one involves purely natural flow, then the system shall be 
classified as hybrid, 

This Plan encompasses passive and hybrid space cooling systems. 

Hot Water 

A hot water system consists of four elements: 

• source (utility, well, etc); 
• storage tank(~); 
• collector(~); 

• use point(~). 

The system is passive if: 

• The maximum height to which water must be elevated to operate 
the heating system does not exceed the static head from the 
utility or the head required for normal operation of the well 
system. 

• The heat flow from collector to storage occurs by purely natural 
means (conduction, convection, etc.). 
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e Transport of heated water from storage to use point is accom
plished strictly through the use of pressure from the utility 
or the well pump. 

In short, a passive hot water system requires no pumps other than 
those required for the normal water supply (utility or well). 

In addition to passive hot water systems, the Plan will consi
der hybrid systems using pumps to circulate hot water in delivery 
loops or to assist in moving heat from collector to storage. The 
crucial issue is that the static head and friction losses should be 
small enough to hold promise of a high coefficient of performance. 
This will normally mean delivery loops of modest length and close 
proximity of collector and storage. 
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SECTION B: 

BACKGROUND OF FEDERAL INVOLVEMENT IN PASSIVE 
SOLAR HEATING AND COOLING 

The Federal government has been involved in funding solar energy 
research and development for a number of years. Previous to the 
establishment of the Energy Research and Development Administration 
in January 1975, which together with the Federal Energy Administra~ 
tion and other federal agencies became the Department of Energy in 
19779 solar energy research was funded primarily by the National 
Science Foundation (NSF) with some support from other federal agen
cies, such as the Department of Housing and Urban Development (HUD) 
and the National Aeronautics and Space Administration (NASA). Fund
ing from these agencies of passive solar heating and cooling projects 
was a small percentage of the small amount available for solar energy 
research. 

Solar energy research and development support increased signifi~ 
cantly under the NSF/RANN Solar Heating and Cooling of Buildings Pro
gram. Begun in 1973, three contractors undertook a study of the 
technical, economic, societal, legal. and environmental factors in
fluencing the widespread use of solar energy for the heating and 
cooling of buildings. Passive solar systems~ for all practical pur
poses3 \AJere not addressed in any of these studies. Results from these 
studies led to a number of proof~of~concept experiments funded by NSF 
and then by ERDA, none of which were passive. However, HUD had during 
this same time funded an analysis of a passively solar heated and 
cooled residence privately constructed in southern California. 

Passage of the Solar Heating and Cooling Demonstration Act of 
1974 provided government funds to demonstrate solar heating by 1977 
and combined solar heating and cooling by 1979. Although passive 
solar systems have not been excluded from funding, very few passive 
solar projects have been demonstrated in either residential or 
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commercial buildings (3 out of 227 commercial projects and 25 out of 
4,000 residential units). This lack of passive demonstration pro
jects is due in part to the limited number of applications received, 
the lack of awareness and understanding of passive solar systems 
within the building industry, and the operational characteristics 
of the demonstration program. To address this problem, HUD spon
sored a passive residential design competition during the summer of 
1978. Over 550 applications were submitted, resulting in 162 awards: 
145 for new homes and 17 for existing homes. 

The initial stages of a passive solar research and development 
program were under way at Los Alamos Scientific Laboratories with 
the support of ERDA. LASL was developing the capability to predict 
passive solar system performance through the use of computer simula
tion and to validate the results through controlled test room experi
ments. At about the same time, a passive solar research and develop
ment plan was being formalized during the preparation of the interim 
National Program Plan for Research and Development in Solar Heating 
and Cooling (DOE/CS-0008). In this plan, five paths for passive 
solar systems were identified: two for building heating and control, 
and three for agricultural and industrial process heat. A more de
tailed discussion of these paths is presented in the background sec
tion of the technology development program area (see page ). For 
each path, a number of research and development tasks were identi
fied for funding in whole or in part by the Federal government. 

On the basis of the interim R&D plan, two solicitations for 
passive solar research and development were issued: Request for 
Proposal No. 1443, ''Controls and Passive Systems for Solar Heating 
and Cooling 11

; and Program Research and Development Announcement No. 
0005, ''Passive and Hybrid Systems for Solar Heating and Cooling 
Applications." As a result of these two solicitations, 19 building 
experiments were funded along with two control, one heat pipe, and 
one cooling study. In addition to these projects, LASL has continued 
its work in passive solar heating analysis, monitoring, and testing. 
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The Solar Energy Research Institute has established a Passive Tech
nology Branch emphasizing design tool development, user evaluation, 
and passive design development. Lawrence Berkeley Laboratories has 
initiated projects to study radiative and passive cooling as well 
as potential applications of passive systems in large-scale commer
cial buildings. Also, the National Bureau of Standards is develop
ing thermal data and instrumentation requirements for monitoring 
the performance of passive solar systems. Together, these efforts 
form the basis of the coordinated National Passive Solar Research 
and Development Program. 

Besides the research and development elements of the present 
program, some work has been supported to look at legislation, tax 
credits, information availability, and building codes that influence 
the use of passive solar systems. Also, three national conferences 
and workshops on passive solar heating and cooling have been spon
sored by DOE. On the whole, however, very little has been done in 
the technology utilization program area. 

Passive solar systems have recently received significant support 
and attention from two major policy and planning studies: the Presi
dentially authorized Domestic Policy Review on Solar Energy, and the 
DOE-initiated Commercialization Readiness Assessment. The Domestic 
Policy Review concluded that passive solar systems can play a vital 
role in reducing United States energy requirements in space condi
tioning of buildings. The Commercialization Readiness Assessment 
built upon this conclusion with a comprehensive analysis of factors 
influencing the realization of this potential and a Commercialization 
Plan for the accelerated development and application of passive sys
tems. The conclusions and recommendations from these two policy and 
planning efforts have been made part of this National Program Plan 
for Passive Solar Heating and Cooling. 
' 
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SECTION C: 
PROGRAM GOAL AND OBJECTIVES 

The goal of the National Passive Program is the displacement 
of a substantial quantity of non-renewable energy through the rapid 
development and widespread use of passive solar heating and cooling 
systems. Appendix E indicates energy market penetration for passive 

solar heating systems with and without tax credit (as contained in 
the National Energy Act of 1978). Both cases assume a comprehen
sive federal passive program. Energy market penetration for passive 
cooling~ large commercial buildings, and agricultural and industrial 
processes have not been analyzed to date. 

Achievement of the program goal would be characterized by an 
awareness and application of passive systems by designers and builders; 
an availability of materials, components, and assemblies appropriate 
for passive solar design; a conducive application environment includ
ing necessary codes and standards, informed lenders, insurers, and 
regulators, and informational and educational programs; an awareness 
and understanding of and demand for passive solar heating and cooling 
by the general public; a significant ongoing research and development 
capability within the private sector; and, most importantly, a large 
number of passive solar applications in the residential, commercial, 
industrial, and agricultural markets. 

The National Passive Solar Program is designed to achieve this 
goal by supporting research, development, and testing aimed at devel-
oping cost-effective passive solar energy materials, components, \ 

assemblies, and systems and by undertaking focused commercialization 
activities aimed at assuring the utilization of passive solar heating 
and cooling systems. With this in mind, the following program objec
tives have been formulated: 
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• Conduct a research and development program directed at identify
ing the technical performance and costs of various passive solar 
heating and cooling systems and developing the necessary docu
mentation for product development, user-oriented design tools, 
and commercialization activities. 

• Develop and widely disseminate design tools and methods for use 
by designers, builders, developers, and consumers. 

e Develop analytical methods for rigorous technical and economic 
assessment of passive solar systems. 

• Develop a full range of marketable passive products easily inte
grated with conventional construction materials and practices. 

e Assist in the development of marketable passive designs for 
new and retrofit application in residential and commercial 
buildings. 

o Market field test the feasibility of passive solar heating and 
cooling in new and existing residential and commercial buildings. 
with special emphasis on the development of low-cost systems for 
retrofit installations. 

e Support passive solar heating and cooling applications in gov
ernment buildings to promote the utilization of solar energy 
by all government agencies. 

e Operate an information system for collecting, storing, evaluat-
ing, reporting, and disseminating hnical, environmental, 
social, and economic data generated by passive solar research, 
development, market field testing, and commercialization acti
vities, 

e Conduct market research studies to determine user acceptance 
requirements and to identify areas of opportunity for focusing 
commercialization activities, 
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' Identify and promulgate the necessary legislation, codes, and 
incentives to mitigate or eliminate existing legal or institu
tional restrictions that may discourage the development and use 
of passive solar systems, 

• Continuously re-evaluate when and where federal action should 
be taken to promote passive solar systems and determine what 
actions are most appropriate to promote those systems, 

e Continuously monitor and assess activities performed under this 
plan to ensure that necessary feedback and communication is 
maintained within and between program areas, 

26 



SECTION D: 
mPLEMENTATION 

As previously mentioned, DOE has an ongoing, directed National 
Solar Research, Development and Demonstration Program. The DOE Com
mercialization Readiness Assessment for Passive Solar Heating has 
been completed, and the Congressionally mandated National Plan for 
Accelerating Commercialization of Solar Energy is still in progress. 
This National Program Plan for Passive Solar Heating and Cooling 
builds upon the existing R&D program, incorporates recommendations 
from the completed Commercialization Plan, and provides input to on
going commercialization planning activity. It recognizes and incor
porates the broad range of activities being managed by numerous fed
eral agencies and national laboratories related to passive solar 
heating and cooling and integrates these activities into a coordi
nated Program Plan. Implementation of passive program tasks will 
utilize to the greatest extent possible the existing elements of 
the National Solar Energy Program. This will include the following: 

• Demonstration Program: The residential and commercial solar 
demonstration program is likely to be extended until 1982. 
The passive residential design competi on may continue, per
haps at a regional level. Commercial demonstrations of pas
sive systems should be expanded, but done through a directed 
design development activity. 

• Research and Development Program: A directed passive solar 
research and development program has been initiated and a 
first round of building experiments and studies has been 
funded. Passive solar research and development will be ex
panded to support materials and component studies, assembly 
development and testing, and systems development and analysis; 
to determine the cost and performance of a variety of passive 
solar heating and cooling concepts; and to develop user
oriented design methods for these concepts. 
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e Information and Education Program: Many efforts are under way 
to disseminate information on solar heating and cooling to a 
wide range of audiences. At the same time, educational pro
grams and materials are being developed and implemented. Pas
sivetechnologyutilization activities will build upon these 
ongoing efforts. 

• International Cooperation: There are established lines of com
munication between solar energy research and development in the 
United States and other countries, including several bilateral 
agreements for scientific and technical activities in solar 
energy. Also, there is great interest and ongoing research in 
passive solar systems in a number of these countries. The 
Plan will strengthen and build upon these relationships by 
sharing results and undertaking cooperative research and de
velopment in passive solar heating and cooling. 

e Federal Buildings Program: This program provides a unique 
opportunity for the use of passive solar heating and cooling 
in Federally owned buildings. Activities will be directed 
towards identifying promising candidates within existing and 
proposed new federal buildings for the integration of developed 
passive solar heating and cooling systems. 

The success of this National Passive Program depends not only 
on conducting successful research, development, and demonstration 
projects, but on the integration of passive solar systems into the 
national economy on a widespread and continuing basis. This requires 
the intimate involvement of many private organizations and institu
tions, especially small businesses, in the execution of the Plan and 
hence its development. If the technological and institutional de
velopments produced by the program are to satisfy the needs of these 
organizations and institutions, it is essential that they be encouraged 
to participate in the development of guidelines, criteria, and speci
fications upon which the program is based. One of DOE's primary 
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considerations in designing approaches and in selecting participants 
in specific projects will be to ensure the early and continuing par
ticipation of these segments of the economy whose acceptance of pas
sive solar heating and cooling is essential to its general adoption. 

As with the majority of activities undertaken in support of the 
National Solar Research, Development, and Demonstration Program, per
formance of specific program tasks will be based primarily on public 
solicitations, such as Requests for Proposals (RFP 1s), Program Research 
and Development Announcements (PRoA•s), Program Opportunity Notices 
(PON 1 S), and Requests for Grant Applications (RFGA 1 s). This process 
will maintain the involvement of industry, universities, and small 
businesses in performing identified program tasks. Also, project 
support is expected to continue from the national laboratories, the 
Solar Energy Research Institute (SERI), and the regional solar energy 
centers. 

This National Passive Program Plan identifies various major 
systems for passive solar heating and cooling and then identifies 
tasks that must be completed to develop and introduce cost-effective 
passive systems. Since the Passive Program Plan is part of DOE 1 s 
overall energy program, it has numerous points of contact with other 
DOE divisions and with other federal agencies. The implementation 
of this Plan will be coordinated with all appropriate groups by an 
interagency committee with interest and involvement in passive solar 
heating and cooling. Also, it is anticipated that a Passive Program 
Office will be established within DOE to assist this interagency com
mittee in the coordination of implementation activities. 
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SECTION E: 

BACKGROUND 

Technology development is that process through which an idea 
is developed to a point of potential widespread application, It 
generally involves research, development, testing, and documenta
tion, Its domain is broad, encompassing basic physical studies as 
well as materials, assembly, and system development for a variety 
of applications (residential, commercial, agricultural, and indus
trial) and system functions (heating, cooling, lighting, and hot 
water), The result of the technology development process is either 
a product, documentation of results leading to user-oriented design 
methods, or building/system designs based upon products and/or design 
methods, The process must be sensitive to user needs and market 
requirements, The designer/researcher must be aware of the issues 
involved in the process of a technology gaining acceptance within 
the industry and the market (e,g., standard building practices, 
codes, and standards; education and training; financing; user atti
tudes; and market aggregation). 

Technology development for passive solar heating and cooling 
has characteristics that significantly distinguish it from other 
energy technologies, Passive solar systems are design-OY'iented 
rather than product-oriented. The process usually involves the 
architectural translation of a concept or idea for using solar 
radiation or other environmental energies incident on a building 
to reduce the energy requirement of the building. Passive systems 
normally use common materials, components, and assemblies, but in 
ways different from traditional design practice. Consequently, the 
technology development program for passive solar heating and cool
ing is systems-oriented. 

A systems focus does not imply that new materials and assemblies 
would serve no purpose. On the contrary, new materials and products 
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which are envisioned, and some of which are presently under develop
ment. have the potential to profoundly increase the impact of passive 
solar, The point is that highly effective passive solar systems can 
be realized now using common materials and building processes. The 
final success or failure of a passive solar design is based on the 
ability to organize the elements of the structure in such a manner 
as to provide for a significant fraction of the energy requirement 
in a predictable manner. 

The speci c objectives of the technology development program 
are to: 

• Identify and collect environmental data relevant to the per
formance of passive systems. Availability of solar radiation 
and sky properties are of special importance, but work is 
also needed on atmospheric effects and ground conditions, 

• Analyze existing materials and assemblies and develop new 
materials and assemblies appropriate for passive applications. 

• Identify promising passive systems concepts, 

• Develop thermal and economic models and computer simulation 
codes for all presently developed and characterized passive 
solar heating and cooling systems, 

• Validate system models on the basis of data obtained from 
passive solar buildings and test rooms. 

• Use validated computer simulation codes to perform systems 
studies related to parametric sensitivities, climactic appli
cability, econom-ic trade-offs, etc. 

• Use results of thermal and economic system studies to gener
ate user-oriented design tools. 

• Develop marketable products and designs. 
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Status of Techno]o~Development 

Prior to the establishment of a directed national solar heating 
and cooling research and development program, passive solar research 
and development was almost entirely carried out by a small group of 
dedicated researchers and practitioners. These individuals generated 
a variety of passive concepts, tested them, and eventually incorpor
ated them into their buildings. Most of the time, these individuals' 
homes were the proving grounds for ideas on passive solar designs. 
Their decisions were often based as much on intuition and feel as 
they were on hard technical data and design methods. Although their 
procedures may not have been analytical in all cases, their results, 
most often, were impressive. It is in large measure because of these 
pioneers that passive solar heating and cooling is receiving the high 
level of attention that it is today. 

The advantages of and opportunities for passive solar heating 
and cooling were well recognized and represented in the National 
Program Plan for Research and Development in Solar Heating and Cool
ing (DOE/CS-0008). The R&D plan identified eleven pathst for the 
solar heating and cooling of buildings--of which two were for pas
sive solar systems--and eleven paths for agricultural and industrial 
applications--of which three were for passive systems. For each 
path, a number of research and development tasks were identified 
for government support. A brief description of the five paths to 
passive solar heating and cooling is presented in this section of 
the Plan. A complete listing of all technology development projects 
funded by the passive program is presented in the book, Solar He~ting 
and Cooling Research and Development Project Summa~ies (DOE/CS-0010, 
currently being updated). 

tA ~ath is simply the linking of a method of energy collection or 
rejection with a particular application. 
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Heating and Cooling of Buildi~ 

Passive Heating of Space or Structure (Path H-2): This 
path encompasses a variety of passive solar heating systems. Its 
focus is broad, with R&D activities in the area of materials char
acterization and development, assembly evaluation and development, 
and systems modeling and testing. The schedule of tasks called 
for the initiation of system studies of existing buildings, basic 
material and climate studies, and hybrid and control studies during 
1978. The status of major activities is as follows: 

1 Computer simulation model for thermal storage walls completed 
and in use. Mass storage wall (with and without vents) and 
water storage wall computer modeling approaches validated by 
comparison with test room results. Models for direct gain, 
sun space and roof storage systems being developed, 

1 Three thermal storage wall heating systems analyzed for hourly 
solar/weather data from 29 cities. 

• Parametric studies completed for thermal storage wall effect 
of storage mass, glass area, allowable room temperature, effect 
of wall thickness and thermal conductivity, ground reflectance, 
number of glazings, and inlet condition. 

' Twenty-five passive solar heated buildings instrumented with 
two to four months of winter data accumulated for each building. 

• Fifteen 5' x 8' x 10' test rooms constructed. One year of data 
accumulated for various thermal storage wall system configura
tions in two test rooms. Remainder of test rooms will include 
experiments on thermic diode panel, direct gain, roof aperture 
systems, and material and assembly studies. These experiments 
will be operational during the winter of 1979. 

e Twelve building experiments funded to demonstrate passive and 
hybrid solar heating and cooling systems. Experiments involve 
a range of systems including direct gain (south aperture and 
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shaded roof aperture), storage walls, storage roof, sun space 
(greenhouse and solariums), and ponds. 

• Three test room experiments funded to study (1) details of 
convective flows associated with storage walls with vents; 
(2) polyethylene greenhouse retrofits with a variety of stor
age materials; and (3) a number of system types interacting 
with an existing building. 

e Seven assembly component studies funded to develop, monitor, 
and assess various passive system elements, including heat 
pipes, control techniques, collector assemblies, reflectors, 
lightweight storage, and thermic diodes. 

e Manufactured buildings program initiated to investigate the 
application of passive techniques to factory-built residential, 
commercial, and agricultural buildings. 

e Design tool program initiated to develop simplified techniques. 

e Investigations of macro- and micro-economics of residential 
applications of passive techniques are ongoing, including the 
development of a passive system costing technique and economic 
system optimization procedure. 

e Program initiated to identify and evaluate possible roles for 
passive solar energy within more general energy management 
schemes for large-scale commercial and industrial buildings. 

~ Systems studies under way to investigate various passive solar 
domestic hot water options. 

e Detailed thermocirculation model completed for laminar and tur
bulent flow between parallel plates. 

• Passive solar simulation capability being integrated into public 
domain building energy analysis computer programs. 

e User evaluation of speculatively built residential passive solar 
designs is under way. 
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e Two user-oriented handbooks for residential design to be com
pleted in FY 1979. 

e Performance factors for passive solar heating systems have 
been defined. 

Passive and fubrid Cool iJ29_ (Path C-4): This path is con
cerned with the cooling of buildings through selective interaction 
with cooler parts of the environment, which can be accomplished in 
a variety of ways, even during those times of the year when the 
average dry-bulb temperature is high. Among the common methods 
of passive cooling are ventilation of the structure (or storage 
mass) with night air, which works well in climates with large di
urnal temperature swings; evaporative cooling, which works well in 
dry climates; radiative sky cooling, which works well in climates 
with clear skies; and conduction to the ground, which works well 
in locations where the average ground temperature is low enough to 
be consistent with human comfort. The R&D emphasis is directed 
towards expanding the knowledge of the processes involved, generat
ing and validating thermal simulation computer models. and determin
ing the heat rejection, storage, and absorption characteristics of 
various designs in different geographic areas. 

The schedule of tasks called for continuing ~ystem studies of 
current passive approaches, developing variants of current passive 
approaches, and performing basic materials and climate studies during 
1978 and 1979. The status of these activities is as follows: 

• A computer simulation program to model the infrared spectral 
emission characteristics of the atmosphere under a variety of 
weather conditions has been funded. 

e One test cell funded to test and analyze a combined passive and 
hybrid night-sky radiation and convective cooling system. 

• Data collection and evaluation is under way for a roof pond pas 
sive heated and cooled house in Las Cruces, New Mexico. 
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e A detailed spectral radiometer has been developed and four 
instruments have been deployed in various parts of the U.S. 
By the fall of 1979, a full summer of data will be available 
for all four sites. 

e A contract has been awarded to refine movable-insulation schemes 
for thermal storage roof systems. 

e A five-year joint U.S.-Saudi Arabia program in passive cooling 
was begun in FY 1979. 

Agricultural and Industri~l Process Heat 

The following paths and their status are not described in the 
present interim National Program Plan. However, they will be com
pleted for the final Plan: 

Passive Solar Heating for Shelters and Greenhouses (Path HP); 
Direct Drying of Agricultural and Industrial Products (Path DO); 
Passive Cooling for Agricultural and Industrial Process Applica-

tions (Path CP). 

Strategy for Technology Development 

The strategy for technology development is composed of three 
elements: basic physical studies, product development, and systems 
development. 

Basic Ph~sical Studies 

Because our knowledge of environmental effects is very limited 
and our present models of these effects inaccurate, studies will be 
initiated to examine atmospheric and terrain effects and physical 
properties of sky and ground. The objective of these studies would 
be to develop accurate models of environmental effects to be used 
in more detailed computer simulation programs for passive solar 
heating and cooling system performance calculations. 
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Two additional basic physical studies will also be initiated: 
(l) an analysis of existing solar radiation data and recommendations 
for the type and quality of data needed for passive solar design 
(vertical surface solar radiation data, for example); and (2) a 
detailed examination of heat exchange mechanisms based upon basic 
principles of heat transfer. 

Product Development 

Although many of the elements of passive solar systems are con
ventional building materials, new materials need to be developed 
and existing materials analyzed for use in passive solar designs. 
Development and analysis projects will be initiated in the follow
ing areas: glazings (analysis of the thermal and optical proper
ties of gtazing materials alone and in combinations, and develop
ment of high-transmissivity, high-insulation glazings, optical 
shutters, and optical coatings); absorbers and emitters (studies 
of existing absorption and emission characteristics of materials); 
reflectors; insulation; storage (especially development and analy
sis of lightweight materials for heat storage at slightly above 
room temperature); fluids; and sealants. 

At the present time, an insufficient number of package assem
blies are available for integration into passive solar designs. 
Projects will be funded to develop and analyze assemblies in the 
following areas: glazing, reflector, and movable insulation assem
blies, alone and in combination; storage assemblies, particularly 
container designs for mass production and ease of installation; and 
sensors, actuators, and controls, focusing on light and heat flow 
control devices" 

Projects or studies may also be initiated for fans, pumps, and 
valves used in hybrid systems; heat exchangers, particularly air
earth heat transfer; and heat pipes and thermal diodes. 
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Systems Development 

This is the most crucial element of the technology development 
program area. It brings together all of the previous materials, 
assemblies, and basic physical projects and studies for the concept 
generation, thermal analysis, testing and documentation of passive 
solar heating and cooling systems. The strategy for systems develop
ment is as follows: 

e Continued development of computer simulation codes for pre
sently developed passive solar heating and cooling systems; 
continued testing, monitoring and analysis of existing build
ings and test rooms; and validation of system models with 
test results. The purpose of this strategy element is to 
generate the needed documentation leading to the preparation 
of user-oriented design tools such as handbooks, programs 
for programmable calculators, and detailed computer design 
methods. 

e Concept generation, assessment, and analysis of prom1s1ng 
new passive solar heating and cooling systems, including, 
where appropriate, computer simulation model development, 
test room construction, model validation, and documentation. 

e Initiation of a side-by-side, controlled, adaptable, full
scale test building experiment involving a range of passive 
solar systems to be located at several sites representing 
distinct climactic conditions. The objectives of the experi
ment would be to determine energy yields that can be expected 
from various passive solar systems in different climactic re
gions, validate computer simulation analysis models of those 
systems in full building experiments, establish levels of 
cost-effectiveness for different types of passive systems in 
different geographic/climactic regions, and demonstrate the 
viability of passive solar systems in different parts of the 
country. (Beyond these development activities, there is the 
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opportunity to ·increase the awareness and understanding of 
passive solar heating and cooling within the building indus
try, the architectural and engineering colleges and universi
ties, and among the general public. 

Emphasis for~_Technology Development 

Because the technical basis for understanding and designing pass
ive solar systems is just emerging, most research and development has 
focused on small-scale, single-zone structures, primarily residences 
and test rooms. Several larger passive solar buildings have been 
built, but characteristically they have resembled the small, single
zone structures. While it is important to continue a technology de
velopment emphasis in this area to further understanding and to develop 
an analysis and design capability, it is clear that the focus must be 
enlarged. The opportunity for passive solar systems in large, new 
structures such as schools, office buildings, commercial facilities, 
and warehouses is large. Additionally, existing residential and com
mercial structures represent both a challenge and an opportunity for 
the development and application of passive systems. Beyond the oppor
tunity is the necessity to redesign our existing buildings to better 
utilize our dwindling fossil fuel resources. 

For these reasons, a substantial new effort will be invested in 
technology development activities addressing large-scale, multi zone 
structures and retrofitting existing residential and commercial build
ings. Systems concept generation, assessment, computer simulation 
modeling, full-scale testing, and architectural integration will be 
stressed. These activities will be tied to the demonstration and 
the federal buildings programs for possible ear~y application of 
developed concepts. 
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SECTION F: 
SYSTEMS DESCRIPTIONS 

Beyond the general definitions of passive solar heating and cool
ing are a number of significant factors that influence the performance 
of passive solar systems and begin to characterize generic types of 
systems. This section identifies those significant factors for space 
heating and cooling and presents a scheme for system classification. 

Space Heating (Path H2) 

We may characterize passive solar heating systems by considera
tion of the following important combinations of factors: 

I. i~here the sunl i g~,:L_i s~~g_cep_!.§!~-~!ll_!~q--~-~-~--~l~!~!:fl- a_~d the PO.f~~g~ 
of the s from which sunli received. There 
exists a limited number of energy-advantageous combinations of 
these two factors: 

e A south aperture in the building accepts sunlight from the 
south sky (winter sun). 

e A shaded roof aperture admits sunlight predominantly from the 
south sky (winter sun). 

• A roof apertur~ in the building accepts sunlight from the 
upward part of the sky (summer sun). 

e A remote aperture, i.e., one which is not part of the building 
envelope proper, can be set at any angle to accept light from 
any part of the sky. 

II. The manner in which is delivered to the s , which in 
turn is correlated to the degree of uniformity which can be 
imposed on the thermal environment of the space. There exist 
three broad categories of passive solar heating systems based 
on the energy delivery to the space: 
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• For direct heatin[. sunlight is admitted directly to the space, 

where it is converted to heat by absorption on the interior sur
faces and contents of the space (people, furnishings, plants. 

etc.). The contents or surfaces of the space must be exposed 
to sunlight in order for the system to collect energy. The 
air temperature in the space 11 floats" with the absorbing sur
faces and/or the st9rage. 

• For indirect heating, sunlight is converted to heat by absorp
tion on a surface external to the space. Contents of the space 
are not exposed to direct sunlight. The air temperature in the 

space 11 floatS 11 with the absorber and/or the storage. 

• For _isolated heating, sunl-ight is conve~"ted to heat by absorp
tion on a surface external to the space. Contents of the space 
are not exposed to direct sunlight. The air temperature in the 
space can be regulated independently of the absorber and storage. 

The following matrix indicates the level of control of the ther
mal environment for each type of system (direct, indirect. or isolated) 
in terms of sunlight exposure and thermal coupling of the space to 
absorbing surfaces or storage mass: 

Direct Indirect Isolated 

Sunlight enters space Yes No No 

Air temperature floats 
with absorber and/or Yes No 
storage 

Isolated heating systems can be completely passive, but in terms 
of control over the thermal environment, they resemble active systems; 
that is, the system interaction with the space can be fully regulated 
and turned 11 0n 11 and 11 0ff. 11 

Given these basic definitions, we can classify the common pas 
sive heating systems in terms of the fan owing matrix: 
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DIRECT INDIRECT ISOLATED 

• • 
• • • 

• • 

SOUTH APERTURE 

SHADED ROOF APERTURE 

ROOF APERTURE 

REMOTE 

Various combinations of aperture location and mechanisms for 
transferring energy to storage and to the occupied space are shown 
schematically in Figure II-1. 

The configurations shown include the currently most common 
passive heating systems and provide a representative sampling of 
less common systems which may have equal potential. These combina
tions by no means exhaust the list of possibilities. Additionally, 
this figure introduces a general nomenclature for passive system 
description. 

Combinations of the three systems are of considerable impor
tance. For example, direct gain openings can be placed in a storage 
wall or an isolated storage wall. The openings can be sized to 
account for daytime winter heating requirements and for year-round 
illumination. Another example of combined direct and indirect 
heating is the use of clear or translucent water storage containers 
placed in the aperture. Some light is absorbed and stored in the 
water and some light is transmitted into the space to heat and illu
minate. 

There exists an assortment of multi-zone, single-story schemes 
with solar heating applied to each zone. Some of the more interest
ing examples are illustrated in Figure II-2. These systems have the 
attractive quality that each zone can be individually designed to 
meet the particular thermal and illumination requirements dictated 
by the intended function of the space. 

Asymmetric solar excitations, such as occur in south aperture 
systems, naturally drive a north-south zone separation. Multi-story 
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commerical structures will clearly be north-south zoned in most cases 
and thefunctional utilization of the space must be planned in accor
dance. However, in order to fully implement passive design concepts 
and maintain flexibility in space utilization, methods of enhancing 
or suppressing the natural zone structure of the space must be devel
oped. In some cases this can be accomplished by purely passive means; 
in other cases hybrid schemes involving mechanically-assisted heat 
transfer will be more appropriate. Figures II-3 and II-4 show examples 
of concepts for using passive solar energy in multi-story buildings. 

Table Il-l is a list of space-heating systems selected for inten
sive development activity. It is not assumed that this list exhausts 
the promising possibilities, nor is it assumed that government sup
ported development activity will be limited to this list. Unsolicited 
proposals for the development of promising innovative systems outside 
the scope of this list are welcomed by the Department of Energy. It 
is understood that the option of a sun-space add-on should be consi
dered for each of the south-wall systems" Work on unshaded direct
gain roof elements will emphasize limited collection areas for day
lighting applications (i.e., skylights). For multi-zone, single
story buildings, the emphasis will be on the natural coupling between 
zones and simple, effective means of moving energy in order to control 
zonal differentiation. Consideration should be given to systems in 
which energy is delivered to each zone and systems in which energy is 
delivered to some zone(s) and transported by natural or forced means 
to other zone(s). 

The problem of energy transport becomes very critical in large
scale buildings, particularly for h·igh-occupancy commercial app.lica
tions or situations where industrial processes require high ventila
tion rates. The most appropriate roles for passive solar within more 
general energy :nanagc;,:2:Y~ schemes are not pr·sent.ly identified, and 
identification of those roles will require a substantial level of 
effort in innovative concept generation as well as rigorous techni
cal evaluation. 
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TABLE II -1 

Heating Systems for Development 

SINGLE ZONE: 

South Aperture: 

1. Direct-Gain Wall 

2. Storage Wall (with and without vents) 

3. Isolated Storage Wall (with vents and/or moving insulation) 
4. Collection Wall (with storage floor, wall, or ceiling) 

5. Collection Sun-Space (with storage floor, wall, or ceiling} 
6. Combinations of l through 5 

Shaded Roof Aperture: 

7. Shaded Direct-Gain Roof 
8. Shaded Storage Roof 

Roof Aperture: 

9. Direct-Gain Roof 
10. Storage Roof 

11. Collection Roof (with storage floor, wall, or ceiling) 

12. Combinations of 7 through 11 

Remote Aperture: 

13. Remote Collection viith storage floor 
14. Remote Collection with isolated storage (e.g., solar ponds) 

15. Ground Preheat 

MUL TIZONE: 

Single Story 
Multi-Story 
Community and Urban Projects 
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Space Coolin~ (Path C4) 

Passive cooling involves the discharge of energy by selective 
coupling of the system to the cooler parts of the environment. If 
the environmental conditions are correct, this energy flow will occur 
by natural means. Possible environment<ll sinks for heat from the 
system are the sky, atmosphere, and ground. 

In sky cooling, radiation from the system passes through the 
atmosphere and dissipates into outer space. Environmentally, it is 
the 11 purest 11 mode of cooling, since none of the energy discharged 
from the system appears in the local microclimate. Radiative sky 
cooling works well in environments with clear skies, and has the 
potential to cool the system below the ambient air temperature. 
The primary limit to this cooling mechanism is convective and radia
tive heat gain from the surrounding atmosphere. 

Energy from the system can also be discharged directly to the 
atmosphere during those times when the ambient air conditions are 
favorable to such an exchange. Heat can be dissipated by raising 
the sensible heat energy of the surrounding air (e.g., night air 
cooling) or by raising its latent heat energy (e.g., evaporative 
cooling). In either case, the energy transfer can be greatly en
hanced by increased air movement. The driving force for this move
ment can come from wind, fans, or special convective drive mechanisms. 
In dry environments evaporative cooling has the potential. like 
radiative sky cooling, to reduce the system temperature below the 
ambient air temperature. Evaporative cooling has the disadvantage 
of expending water, a commodity which may be in short supply in the 
climates where evaporative cooling is most effective. 

Because of the great thermal mass the earth, ground tempera-
tures during the su~ner will normally be several degrees below the 
average ambient air temperature. Unlike evaporative or radiative 
sky cool"ing, which require special climactic conditions such as dry 
air or clear skies. ground cooling can be used to displace a substan
tial fraction of the normal cooling load. even in humid. overcast 

50 



environments. However, dehumidification by mechanical means may 
still be required. 

The following table summarizes the environmental sinks, along 
with the primary mechanisms involved in the energy transfer. 

Sink Primary Energy 
Transfer Mechanism 

Sky Radiation 
Atmosphere Convectiont 
Ground Conduction 

tincludes evaporation. 

In analogy to heating systems, there are direct, indirect, and 
isolated cooling processes: 

e Direct cooling occurs when the interior surfaces and contents 
of the space are exposed directly to the environmental energy 
sink(s). 

e Indirect cooling occurs when the space is cooled by uncon
trolled radiation to storage (or some exchange surface) which 
is in turn cooled by exposure to the environmental energy 
sink(s). 

e Isolated cooling occurs when the space is cooled by controlled 
fluid or radiative transfer to storage (or some exchange sur
face) which is in turn cooled by exposure to the environmental 
energy sink(s). 

As in the case of heating, we can classify passive cooling systems in 
terms of a matrix: 
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DIRECT 

• 
• 
• 

INDIRECT ISOLATED 

• • 
• • 

• 

s~ 

ATMOSPHERE 

GROUND 

A representative sample of combinations of the environmental 
thermal energy sinks and mechanism for transferring energy to the 
occupied space are shown in Figure II-5. Here~ also~ these schema
tics include the currently most common cooling systems and other 
possible configurations. Again~ the figure does not exhaust the 
list of potential cooling systems. 

Table II-2 is a list of promising space-cooling systems 
selected for intensive development activity. Emphasis has been 
placed on systems whose elements can serve both a heating and a 
cooling function, and whenever possible the heating system nomen
clature is retained. For example, a Storage Roof cooling system 
uses all the same elements as a Storage Roof heating system, except 
that the air space, which may be necessary to reduce winter losses, 
must be eliminated for summer cooling. Also listed in the table are 
several promising cooling schemes whose elements do not serve a heat
ing function. 

In general. passive heating is considerably more advanced than 
passive cooling. As a consequence, the list of cooling schemes iden
tified for concentrated attention is not as well-defined nor as de
tailed as the list of heating systems. For many advanced heating 
systems there does not exist a well-defined cooling system employing 
some or all of the same elements. For example, there are several 
well-understood Storage Wall heating systems, but no well-defined 
schemes for ~si that mass wit~ somp~r~~le effectiveness in the 
cooling mode. Despite lack of well-defined concepts. the idea 
of using storage walls in the cooling mode appears to merit further 
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consideration. Similarly, the list contains other cooling systems 
derived from heating systems, such as shaded storage roof, and cool
ing roof with storage floor. 

As in the case of passive space heating, roles for passive 
cooling in more general energy management schemes for large-scale 
commercial and industrial buildings remain to be identified and 
evaluated. 

It is not assumed that this list of space-cooling systems 
exhausts the promising possibilities, and proposals for develop
ment of innovative systems are welcomed. 
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TABLE II-2 
Cooling Systems for Development 

SINGLE ZONE: 

Sky and/or Atmospheric Sink: 
+ l. Storage Roof' 

2. Cooling Roof with storage floor, wall, or ceilingt 
3. Evaporative Cooling Ponds (remote)t 
4. Shaded Storage Rooft 
5. North-Facing Shaded Storage Roof 

Atmospheric Sink: 
6. Storage Wallt 

7. Night Air-Charged Storage Floor, Wall, or Ceilingt 
8. North Storage Wall§ 
9. Flat Shaded Storage Roof 

10. Regenerative Air-Charged Storage 
11. Ventilation 

Ground Sink: 
12. Isolated Groundt 
13. Direct Ground 

MULTIZONE: 

Single Story 
Multi-Story 
Community and Urban Projects 

tstorage has dual function in analogous heating system. 

§For direct-gain heating systems, storage has heating function. 
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SECTION G: 
TASK CLASSIFICATIONS 

This section describes the areas by which the tasks are classi
fied, The technology development tasks themselves are contained in 
Appendix A with systems development schedules presented in Appendix B. 
Tasks are classified in three general categories: Basic Physical 
Studies, Product Development, and System Development. The sub
categories within these classifications are identified in Table II-3. 

This classification scheme recognizes that the system develop
ment process plays a central role in motivating tasks in the basic 
physical studies and product development areas, in addition to the 
tasks which are directly related to the development of passive sys
tems. The systems development process steps and their relationship 
to the two supporting task areas and to the technology utilization 
tasks is shown schematically in Figure II-6. For clarity, the major 
activities performed during the process are shown to the left of the 
schematic flow diagram, 

Following is a brief ription of the type of activities to 
be undertaken in each task area. 

Basic physical studies are concerned with environmental and 
physkal phenomena that can influence the performance of passive 
solar heating and cooling systems. The following activities have 
been identified for study: 

Solar Rad·iation 

Description of Study 

Ana·lysis of exi J nc :;:; ;;;- radiation data 
<~nd recommendations for the type, quality, 
and disposition of data required for the 
design of passive solar heating and cooling 
systems, 
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TABLE II-3 
Technology Development Task Classifications 

A. Solar Radiation 
B. Sky Properties 

I. BASIC PHYSICAL c. Atmospheric Effects 
STUDIES D. Ground Properties 

E. Terrain 
F. Heat Exchange Mechanisms 

A. Glazing Mat'ls & Assemblies 
B. Absorber & Emitter Mat'ls & Assemblies 
c. Reflector Mat'ls & Assemblies 

IL PRODUCT DEVELOP- D. Insulation Mat'ls & Assemblies 
MENT TASKS E. Storage Mat'ls & Assemblies 
(MATERIALS AND F. Combination Assemblies ASSEMBLIES) 

G. Fluids & Sealants 
H. Sensors, Actuators, & Controls 
I. Fans, Pumps, Valves, etc. 
J. Heat Exchangers 
K. Heat Pipes & Thermal Diodes 

A. Concept Generation & Assessment 
B. System Specification (Architectural & 

Engineering Definition) 
c. System Analysis (Thermal Modeling, 

Economic Analysis, etc.) 
III. SYSTEM D. Data & Instrumentation Requirements 

DEVELOPMENT E. Performance Data Acquisition (Test TASKS Rooms & Instrumented Buildings) 
F. System Studies (Parametric Sensitivity, 

Climactic Applicability, etc.) 
G. Design Tools (Handbooks, Computer Codes, 

etc.) 
H. Performance Criteria 
I. Market Field Tests 
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• Architectural/Engineering 
Definition 

• Design Development 

• Thermal Modeling 
• Economic Analysis 
• Human Comfort 
1 Environmental Analysis 
• Architectural/Engineering 

Evaluation 

• Validation of Analysis Technique 

• Test Rooms/Small Scale Testing 
• Instrumented Buildings/Full 

Scale Tests 

• Parametric Sensitivity 
1 Climactic Applicability 
1 Control Strategies 

1 Rules-of-Thumb 
e Handbooks 
1 Computer Programs 

1 Com pet it ·ions 
• Marketable Design Development 

.... 
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FIGURE II-6. System Development Process 
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Name of Study 

Sky Properties 

Atmospheric Effects 

Ground Properties 

Terrain 

Heat Exchange 
Mechanisms 

Description of Study 

Collect data on sky radiation properties in 
different geographic locations. Analyze and 
assess applicability of radiative cooling in. 
various parts of the country. Develop pro
grams for computer simulation of atmosphere. 

Assemble existing design-related information 
on wind velocity, relative humidity, ambient 
dry-bulb temperature, dewpoint, etc., and 
extend measurements of these quantities as 
appropriate. Develop computer simulations 
of the effects of these factors on the opera
tion and efficiency of the various passive 
heating and cooling systems. 

Expand as required the data base for ground 
temperature and conductivity for various soil 
types and conditions. Develop computer simu
lation programs for ground-thermal effects. 
Validate computer code against test results. 

Assess impact of natural terrain and the 
built environment on passive solar heating 
and cooling systems and identify range of 
suitable sites. In particular, the effects 
of the environment on solar availability and 
wind patterns will be addressed. 

Examine heat exchange and heat transfer 
processes which are appropriate to passive 
solar heating and cooling applications. 
Consideration will be given to heat flow 
within f"l ui ds, between different fluids, 
and between fluids and solids. 
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Product D.evelopment Tasks 

Tasks in the product development category include design, de
velopment, testing, and evaluation of both materials and assemblies 
of materials which will either enhance passive system performance 
or simplify the implementation of a passive design, Materials tasks 
are concerned with evaluating existing materials for their applica
bility to passive solar design concepts and the development of new 
materials and components to solve specific problems encountered in 
passive solar design. Activity in th·is area includes gathering and 
publishing data on existing materials which are of special interest 
to passive solar system designers, 

An assembly is an organization of materials and/or components into 
a functional portion of a passive solar system. This generally involves 
traditiona 1 building mater··ia 1 s and products that are 11 assembl ed 11 to 
form collection elements (i.e .• glass and framing into window assem
blies), storage elements (i.e .• concrete or masonry units for thermal 
storage wall), and other functional elements of passive solar systems 
(i.e., absorbers, reflectors, insulation, and controls). The tasks 
in this area are directed toward the evaluation of these materials 
and products in complete assemblies and the development of entirely 
new assemblies for passive solar heating and cooling applications. 
Activity in this area includes gathering and publishing data oriented 
toward passive solar building designers. 

Project Area 

Glazings 

~Q~scrij:lti on of Act·i vijy 

Ana"lyze the thermal and solar optical properties 
of glazing materials alone and in combination, and 
deveclop rrigh transrnissivHy glazings, optical 
shutters, heat mirrors, and coatings with other 
advantageous properties such as I.R. transparency 
or d onal sensitivity of optical properties. 
Characterize the performance of glazing assemblies 
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Project Areas 

Absorbers and 
Emitters 

Reflectors 

Insulation 

Storage 

Combinations 

Description of Activity 

in terms of in-use optical and thermal transmis
sion and reflection and in terms of infiltration. 
Develop movable glazing assemblies. 

Examine existing absorption and emission charac
teristics of materials with emphasis on those 
used in radiative cooling systems. Develop selec
tive absorbers and emitters for heating and cooling 
applications. Develop absorber/storage and emitter/ 
storage combinations. Develop schemes for cooling 
radiators. 

Examine properties of existing reflective mater
ials. Test as required. Organize and publish 
data. Develop heat mirrors and other innovative 
reflective materials; develop ground plane reflec
tors and reflector/movable-insulation combinations. 

Review available insulation material properties 
and determine applicability to passive design 
approaches. Organize and publish data. Develop 
movable insulation systems alone and in combina
tion with glazing, reflector, and storage assemblies. 

Characterize existing materials, searching for im
proved combinations, and develop lightweight and/or 
high heat capacity storage materialso Develop high 
thermal mass masonry and concrete structural sys
tems, water containers, and containerization for 
phase change materials. 

Develop designs for factory or site-bui'lt combina
tions of glazing, absorbers/emitters, reflectors, 
insulation or storage that will simplify the 
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Project Areas 

Fluids and 
Sealants 

Sensors, 
Actuators, and 
Controls 

Fans. Pumps, 
and Valves 

Heat Exchangers 

Heat Pipes and 
Thermal Diodes 

Description of Activity 

construction of passive systems. Both economic 
advantages and fabrication simplifications will 
motivate these tasks. 

Examine existing fluids from the point of view 
of corrosion, specific heat transfer, and latent 
heat transfer. Consider possibilities of reverse 
thermosyphoning. Develop improved sealants around 
dampers and movable insulation and improve inte
gration of glazing systems into the building enve
lope. 

Evaluate existing sensors, actuators, and controls 
for performance, cost, durability, and reliability. 
Identify need for and develop new devices. 

Assess state of the art for applicability and 
appropriateness to passive solar systems. Iden
tify need for and develop new devices. 

Assess state of the art for applicability and 
appropriateness to passive solar design. Gener
ate new concepts, including prototype for air
earth heat transfer. Assess concepts and test 
most promising for cost and performance. 

Develop thermal diodes and generate concepts for 
heat pipe and thermal diode applications to pas
sive solar systems. 
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Systems Development Tasks 

The full development of a passive solar system encompasses the 
following activities: 

Name of Activity 

Concept Generation 
and Assessment 

System Specification 

Systems Analysis 
(Thermal Modeling, 
Economic Analysis, 
Human Comfort, 
Environmental 
Analysis, etc.) 

Description 

Develop basic physical descriptions of sys
tems including their thermal processes and 
proposed modes of operation. This activity 
is followed by a preliminary evaluation of 
the systems in terms of technical and econo
mic potential. It is assumed that this acti
vity would occur at several critical points 
during the development of a system, but spe
cial attention will be given to the prelimi
nary assessment which occurs immediately 
after concept generation. 

This activity results in the engineering 
realization of a concept. It includes the 
detailed physical description of the system 
and the manner in which it is integrated 
with the conventonal building structure and 
systems. Materials and fabrication proce
dure identification, controls and operating 
strategies definition, etc., are part of 
the specification procedure. 

This theoretical proof-of-concept activity 
consists of a complete analysis of the spe
cified passive solar heating and/or cooling 
system. This evaluation will include thermal 
and economic considerations, environmental 
impact if appropriate, technical feasibility, 
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Name of Activity 

Data and Instrumen
tation Requirements 

Performance Data 
Acquisition (Test 
Rooms and Instrumented 
Buildings) 

System Studies 

Performance Criteria 

pescription 

and human comfort and human interaction 
factors as necessary. This analysis will 
establish preliminary performance criteria 
and will be used in the definition of ther
mal performance factors and development of 
specifications for instrumentation appropri
ate to monitoring of performance factors in 
subsequent testing activities. 

Definition of thermal performance factors 
and development of specifications for instru
mentation appropriate to monitoring the per
formance factors of full-scale buildings. 

Controlled experiments involving parts of 
systems or miniature systems. This is the 
first step in the engineering proof-of-concept. 
The final engineering proof-of-concept in
cludes controlled experiments involving full
scale buildings. These case studies are 
utilized to provide final validation for 
the systems analysis activities described 
above. 

Studies dealing with thermal and economic per
formance sensitivity, climactic applicability. 
control strategies, economic trade-offs. and 
other system optimization considerations. 

Results of experiments and studies will be 
used to establish performance expectations. 
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Name of Activity 

Design Tools 

Market Field Tests 

Description 

Results of the systems studies tasks and 
data collected from the product development 
tasks, performance data acquisition tasks, 
and system analysis tasks will be documented 
and published in forms appropriate to all 
levels of the building communityo Handbooks, 
rules-of-thumb, guidelines, hand-held calcu
lator programs, and other aids will be made 
publically avai1ab1eo 

The final step in the technology development 
process is the testing of the marketability 
of the end-products: the design concepts, the 
design tools, the associated materials and 
hardwareo The market field testing program 
will assess the compatibility of the techno
logy with the marketplace and with the users 
of the technology who produce the marketable 
designs and productso 
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SECTION H: 
BACKGROUND 

Technology utilization is the process of identifying cost
effective and environmentally and socially acceptable technologies 
and developing a conducive application environment (market) for 
those technologies. It is concerned with moving a technology from 
research, development, and market field testing to widespread accep
tance and application in the marketplace. This purposeful movement 
of a technology is often called the commercialization process. 

The commercialization of passive solar systems is distinctly 
different from commercialization of hardware-oriented technologies. 
In the latter case the components and systems are typically visible 
entities, the contribution of which to the welfare of the consumer 
is easily determined and/or readily apparent. Passive solar systems, 
on the other hand, are generally integral parts of the building design. 
The passive solar components are not easily distinguishable from the 
remainder of the structure; they often consist of materials which 
are already common in the building industry (e.g., glass, masonry, 
insulation, etc.). 

Passive solar energy utilization is primarily a design proce
dure. Successful commercialization relies, first9 on casting the 
procedure in a form that is amenable to application by the design 
profession; second, on stimulating the profession to apply the pro
cedure; and third, on sensitizing both the consuming market and 
consumer-supporting financia'l 9 utility9 and real estate segments 
of the economy to the benefits of passive design through existing 
communication channels. 

The specific objectives of the technology utilization program 
are to: 

• Determine the technical, market/economic, environmental, and 
institutional readiness of passive cooling and domestic hot 
water systems for commercializat·ion. This objective has been 
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accomplished for passive solar heating, If appropriate, pre
pare a detailed commercialization plan, 

• Conduct detailed market research studies to determine user 
acceptance requirements and to identify areas of opportunity 
for focusing commercialization activities. 

• Operate a technology transfer program for collecting, storing, 
evaluating, reporting, and disseminating technical, market/ 
economic, environmental, and social data generated by passive 
solar research, development, market field testing, and commer
cialization activities, 

• Widely disseminate passive solar design tools to designers, 
builders, and consumers, 

• Establish an effective education and training program for archi
tects, engineers, builders, developers, construction tradespeople, 
lending officials, and code officials, 

• Stimulate the passive design delivery capability of the construc
tion industry by assuring solar access, establishing effective 
performance criteria, reducing codes and standards hurdles, and 
introducing economic incentives, 

• Stimulate and accelerate the demand for passive solar designs 
through a coordinated program of consumer education; utility 
involvement; federal, state, and local facilities programs; 
tax credits; and design competitions. 

Status of Technology Utilizatio~ 

Only limited passive commercialization activities are occurring 
throughout the country, most of which are non-federally funded. A few 
of these activities are described below. 
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• HUD has sponsored in conjunction with DOE and SERI a passive 
residential design competition resulting in 162 awards. 

• The states of Minnesota and Illinois have sponsored residen
tial design competitions. 

• TVA, Wisconsin Power and Light, Pacific Gas & Electric, and 
many other utilities are investigating the peak load sharing 
potential of passive systems and consumer loan programs to 
finance solar system costs. 

e New Mexico, California, Oregon, and Colorado have income tax 
credits for passive systems. 

e Virginia has a property tax exemption provision for passive 
systems. 

• California, New Mexico, and several other states have initiated 
passive solar education courses for builders and designers. 

• Four regional solar energy centers have been established by DOE 
to assist in the accelerated commercialization of solar energy 
technology, 

• Certain localities (e.g., Davis, California) have modified 
building codes and zoning regulations to accommodate passive 
systems, 

e SERI has completed a technology readiness assessment of passive 
solar heating and cooling focusing primarily on economic perfor
mance projections" 

e Several publications and pamphlets on passive systems have been 
completed for designers and builders including a passive solar 
bibliography and a survey of passive solar buildings, 

Even though passive systems exist which have proven potential 
for energy savings, the rate of new passive buildings construction 
indicates a lack of and need for commercialization activities" 

69 



Passive solar designs have not reached the general marketplace. 
This is partially due to the lack of adequate economic and thermal 
performance data for various passive designs. To have a major 
impact in the marketplace, a definite need exists for an organized 
and concentrated program to promote the awareness of, supply of, 
and demand for passive solar systems. 

Strategy for Technology Utilizatio~ 

The commericalization strategy for passive solar heating and 
cooling systems is based on the following considerations: 

• Regional and local conditions play an important role in the 
commercialization of passive solar systems. The building 
design and construction industries and the consumer market 
are more regionally and locally oriented than are most con
sumer-hardware industries. 

• The commercialization of passive solar systems must emphasize 
education of an existing industry rather than the development 
of a new one. The building industry exists with established 
constituencies and practices; it must be sensitized to the 
passive solar concepts and benefits. 

• Passive solar design is more an attitude and a design process 
than a technology. Commercialization activities must recog
nize the motivational and knowledge-intensive characteristics 
of passive design and respond accordingly. 

The strategy for technology utilization is composed of four 
elements: commercialization readiness assessment, technology trans
fer, imulation of technology delivery capability, and stimulation 
of market demand. 
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Commercialization Readiness Assessment 

Prior to the commercialization of any technology, it is necessary 
to know the technical, market/economic, environmental, and institu
tional readiness of the technology to enter the marketplace. This 
includes identifying the benefits to be achieved by commercializing 
the technology, as well as the barriers that must be mitigated. The 
readiness assessment and benefits analysis result in a commercializa
tion plan describing a coordinated set of development and utilization 
activities to move the technology into the marketplace. This would 
include market research to characterize the market for various pas
sive systems by consumer group, by user type, by application, by 
geographic location, and by alternative fuel costs. 

A commercialization readiness assessment has been performed for 
passive solar heating. The results and recommendations of this assess
ment have been included in this Plan. Assessments need to be performed 
for passive cooling, domestic hot water, and agricultural and indus
trial processes. 

Technology Transfer 

Just as important as having a demand for passive solar designs 
and products is having an established building community capability 
to meet those demands. Technology transfer is the means to develop 
within the building community a capability to design, build, finance, 
and market passive solar systems. The commercialization strategy 
for passive systems includes the establishment of a technology trans
fer system composed of three activities: data management, education 
and training, and information dissemination. 

The purpose of data management will be the development and main
tenance of a data and information base on passive systems. It will 
consolidate present data and information on passive systems (e.g., 
performance, market potential, economic viability, design tools, 
etc.) and be updated as information and data from tasks called for 
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in this Plan become available. It is essentially a resource for sup
porting other commercialization activities. 

A primary use of this resource will be the preparation of train
ing materials and programs for regionally and state implemented work
shops and seminars. Initia1ly9 education and training activities 
will be directed toward architects9 engineers9 and builders as key 
elements in the passive technology delivery system. Subsequent edu
cation activities will focus on plannerS 9 lenders9 government offi
cials9 and realtors. 

The purpose of the third activity of the technology transfer 
system will be the dissemination of information to various user 
groups influential in commercializing passive solar systems. This 
activity will include determining user requirements9 evaluating 
information appropriateness 9 converting the information to a useful 
form9 disseminating the material through established user communi
cation channels, and monitoring and evaluating the effectiveness 
of the program. 

Stimulation of Technology Delivery Capability 

The decision to use a passive system is based upon many factors, 
such as client desires, designer awareness and understanding, regula
tory acceptance, and lender approval, Removing some of the uncertain
ties during this decision-making process may greatly stimulate the 
application of passive techniques, Several areas where this may be 
appropriate are solar access, building codes and standards9 and per
formance criteria. Additionally, incentives may be proposed to en
courage a positive decision regarding the application of a passive 
system. 

Stimulation of Market Demand 

A market demand is essential to the commercialization of a tech
nology. The demand can be real or perceived, and is depressed by a 
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lack of awareness, knowledge, and decision-making data, as well as 
by risks (real or imagined) related to new design concepts, systems, 
or practices. Therefore, stimulation of market demand is generally 
necessary to overcome initial prejudices or traditional attitudes. 
Strategies for stimulating market demand include consumer education, 
utility programs, government building programs, design competitions, 
and financial incentives. 

Emphasis of Technology Utilizati~~ 

The lack of design tools and marketable passive building designs 
has been identified as an important obstacle. However, the comple
tion of these two development activities is not an essential pre
requisite to starting the commercialization efforts. The first 
generation of passive solar heating design tools has almost been 
completed and initial steps have been taken in the process of gen
erating marketable designs. The first phase of commercialization 
can be initiated immediately and carried out in parallel with mar
ketable design development. Emphasis will be on detailed market 
research to carefully identify areas of opportunity and to focus 
commercialization activities. 

The cornerstone of phase two, and indeed of the entire commer
cialization effort, is educa on and information dissemination. A 
key element in the commercialization of passive systems is the ability 
of the building community to effectively integrate passive solar 
approaches into their normal design and construction processes. 

The goals of commercialization will be met when passive solar 
design is accepted as 11 ndard practice" by both design profession
als and building trades; in other words, when common materials and 
passive solar products are used in such a way as to maximize the 
benefits of the environmental resource with minimal dependence on 
mechanical equipment and conventional fuels. Education of the key 
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participants in the building industry (designers, builders9 developers, 
planners, lenders, regulatory officials, etc.) and expansion of exist
ing professional design and trade organization education and informa
tion programs will greatly stimulate near-term use of passive concepts. 

An important parallel activity is consumer education. Involve
ment of the consumer at all stages of the commercialization process 
is important to the testing and refinement of ideas. The role of 
the consumer in molding the ultimate outcome of the process is just 
as critical in the early stages as it is later on, and failure to 
achieve an appropriate level of early involvement can lead to criti
cal mistakes. Furthermore, a demand in the marketplace is a crucial 
stimulant to rapid development in the delivery sector. Since the 
building industry has little difficulty selling its present product, 
it appears that little or no commitment will be made until a consumer 
demand is perceived. 

A secondary, but still very significant, emphasis will be on the 
use of incentives to stimulate both the supply and demand sectors-
e.g., tax credits and small business loans for builders and acceler
ated depreciation and income tax credits for commercial and private 
consumers. Also of significance in stimulating both the delivery 
and demand sectors will be various government-sponsored building 
programs involving public buildings and design-build competitions. 
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SECTION J: 

PROCESS DESCRIPTION 

The process of achieving widespread utilization (commerciali
zation) can be divided into the following elements: 

• commercialization readiness assessment; 
' technology transfer; 
• stimulation of technology delivery capability; 
• stimulation of market demand. 

These elements represent a continuum and often overlap one another. 
Each is also connected in various ways to the technology develop
ment process. For example~ one portion of the commercialization 
readiness assessment is a thorough technical evaluation, consider
ing operational status~ capital and operating expenses, technical 
barriers, etc., to determine the readiness of the technology to 
enter the marketplace. Many times, results from this evaluation 
identify further development activity that must occur before accel
erated commercialization takes place. 

A primary function of the commercialization process is the iden
tification of industry and consumer needs so that technology develop
ment and utilization activities can be selected, modified, or re
directed to meet those needs. In this respect, all commercialization 
activities are designed to address or involve the various groups that 
represent or influence the technology delivery system. These groups 
include legislators, regulatory officials, lenders, lawyers, archi
tects, engineers, builders/developers, manufacturers, suppliers, 
installers, craftsmen, and consumers. Each group has specific infor
mational, educational, and motivational requirements that must be 
considered if one hopes to stimulate the commercialization process. 
Therefore, to best determine what these requirements are for each 
group, it is crucial that they be involved in the commercialization 
planning process. As tasks are initiated, evaluation by these same 
groups is needed to determine the effect of the activities toward 
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achieving the commercialization objective. 
A more detailed description of the utilization elements is 

presented below. 

Commercialization Readiness Assessment 

As a first step in the utilization process, it is necessary 
to assess the readiness of a technology to enter the marketplace 
and to be successfully applied. This would include an assessment 
of a technology in terms of (1) technical readiness (operational 
status, capital and operating expenses, current developments under
way, and technical barriers); (2) market/economic readiness (market 
description, economic analysis, market penetration, and market bar
riers); (3) environmental readiness (environmental compliance and 
environmental barriers); and (4) institutional readiness (institu
tional barriers and manufacturer status). This is generally followed 
by a benefits analysis which assesses (in the case of energy tech
nologies) energy impacts, recipients of benefits, and cost impacts. 

The commercialization readiness assessment provides a compre
hensive look at a technology and serves as a basis for deciding 
whether further commercialization planning is warranted. Those 
technologies deemed "ready" for commercialization--Le., those with 
no major technical, cost, or institutional barriers--proceed to pri
marily market research studies and commercialization strategy devel
opment. Both of these planning tasks are designed to focus commer
cialization efforts and give priority to certain systems, applications, 
geographic locations, and user groups. 

I~<;:.hJ1_Q 1 ogy Transfer 

A second step in the utilization process involves intervening 
in the marketplace with those groups who, directly or indirectly, 
influence the use of a technology. The primary intent is to famil
iarize them with the technology--its development status, its technical 
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and economic potential, its marketability, and its application require
ments. Technology transfer generally involves data management, educa
tion and training, and information dissemination. It is concerned 
with communication, the purposeful transfer of information to change 
an individual's behavior. This requires the appropriate selection 
of communication channels, as well as information content and format. 

Technology transfer activities must have well-defined methods 
and channels of feedback. The influence or effect of an activity 
must be quickly determined so that corrective actions can be taken 
when necessary. Technology transfer activities can also play a sig
nificant role in identifying new needs or requirements that may be 
addressed by new or modified tasks either in the development or 
utilization areas. 

Stimulation o~ Technology Delivery Capability 

A knowledgeable delivery sector may not by itself accelerate 
the commercialization of a technology. It may be necessary to modify 
certain industry ground rules or to provide additional protection or 
assurances to motivate the user community to adopt a technology. This 
element of the utilization process is responsible for characterizing 
the technology delivery system and identifying key points in this 
system where stimulation may be tive in accelerating the use 
of a technology. The types of activities that may be appropriate 
to stimul appli on of passive terns include: assuring solar 
access through zoning or deed modifications; modifying building codes 
to allow innovative passive ign approaches; developing standards 
for passive solar materials components; and legislating incen-
tives to support small business development. 

Stimulation of Market !Jemand 

Perhaps most important element of the commercialization 
process is the creation or enhancement of market demand for the 
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technology, The success of the commercialization process is mea
sured by market demand for the technology and the ability of the 
industry to meet this demand, Market demand can be stimulated in 
many ways, For passive systems this includes consumer education; 
utility programs; solar energy in public buildings programs; national, 
regional, and state design/build competitions, and financial incen
tives, The difficult task is the selection of those actions which 
will most effectively stimulate a rapid and enduring market response, 

The technology development and utilization processes must be 
regularly assessed in terms of effectiveness in achieving program 
goals, To do this, acceptable evaluation criteria and measurement 
techniques are needed. Just as important, comments and recommenda
tions from the user community and the public are necessary to evaluate 
the program and to initiate new tasks or modifications to existing 
tasks, 

As with any government sponsored program, determining when gov
ernment involvement is and is not appropriate requires careful con
sideration. Government action can stifle the development and utili
zation of a technology or it can provide effective support and direc
tion, Timing can be the most critical element of government involve
ment. As part of the program analysis activity~ the role of the gov
ernment will be carefully assessed, 
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SECTION K: 
TASK CLASSIFICATIONS 

This section describes the areas by which the tasks are organized. 
The technology utilization tasks themselves are contained in Appendix C 
with schedules for some of these tasks presented in Appendix D. 

Table III-2 provides an overall picture of the task classifica
on scheme. Because the general nature of the activities that occur 

in each of these areas has been given in the preceding section, no 
further description of these activities is provided here. 

Technology Utilization Task Classifications 

I. COMMERCIALIZATION 
READINESS 
ASSESSMENT 

II. TECHNOLOGY TRANSFER 

III. STIMULATION OF 
TECHNOLOGY DELIVERY 
CAPABILITY 

IV. STIMULATION OF 
MARKET DEMAND 

A. Technical readiness 
B. Market/economic readiness 
C. Environmental readiness 
D. Institutional readiness 
E. Benefits analysis 
F. Commercialization planning 

A. Data management 
B. Education and training 
C. Information dissemination 

A. So'! ar access 
B. Building codes and standards 
C. Performance criteria 
D. Incentives 

A. Consumer education 
B. Utility programs 
C. Solar energy in federal facilities 
D. Solar energy in state/local bldgs. 
E. National. regional, and state 

design/build competitions 
F. Policy studies 
G. Incent"ives 
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APPENDIX A: 
TECHNOLOGY DEVELOPMENT TASKS 

The following classification scheme is used to organize the 
technology development tasks: 

A. Solar Radiation 
B. Sky Properties 

L BASIC PHYSICAL c. Atmospheric Effects 
STUDIES 0, Ground Properties 

E. Terrain 
F. Heat Exchange Mechanisms 

A. Glazing Mat'ls & Assemblies 
B. Absorber & Emitter Mat'ls & Assemblies 
c. Reflector Mat'ls & Assemblies 

II. PRODUCT DEVELOPMENT D. Insulation Mat'ls & Assemblies 
TASKS (MATERIALS E. Storage Mat'ls & Assemblies 
AND ASSEMBLIES) F. Combination Assemblies 

G. Fluids & Sealants 
H. Sensors, Actuators, & Controls 
L Fans, Pumps, Valves, etc. 
J. Heat Exchangers 
K. Heat Pipes & Thermal Diodes 

A. Concept Generation & Assessment 
B. System Specification (Architectural 

& Engineering Definition) 
C, System Analysis (Thermal Modeling, 

III. SYSTEM Economic Analysis, etc.) 
DEVELOPMENT D. Data & Instrumentation Requirements 
TASKS L Performance Data Acquisition (Test 

Rooms & Instrumented Buildings) 
F. System Studies (Parametric Sensitivity, 

Climactic Applicability, etc.) 
G. Design Tools (Handbooks, Computer 

Codes, etc.) 
H. Performance Criteria 
L Market Field Tests 

Listed below are specific tasks which have been identified to 
be significant to the development of passive solar technology. The 
tasks have been further classified as applying to passive solar 
heating (H), passive solar cooling (C), or both (H,C). Where 
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possible, the tasks are specific; in many areas where passive tech
nology is not well developed, general tasks have been defined. 

Many of the tasks are important to two or more of the passive 
systems which have been recommended for development; for this reason, 
individual tasks are not cross-referenced to systems and definitive 
time schedules have not been provided. The general time frame for 
system development provided in AppendixB indicates only those tasks 
from the list which are of crucial significance to the systems with 
which they are associated. 

I. BASIC PHYSICAL STUDIES TASKS 

A. Solar Radiation 

I.A.l (H) 
Increase the number of sites where solar radiation on a south
facing vertical surface is recorded. Use this data to refine 
existing methods of estimating vertical surface solar radiation 
from measured horizontal solar data. 

I.A.2 (H) 

Devise a technique for separating sky radiation from ground
plane reflected radiation. Develop a system for describing 
and characterizing the local terrain at these sites. Make 
this information available through the existing data network 
and other appropriate mechanisms. 

I.A.3 (H,C) 
Define solar design years appropriate to passive heating and 
cooling systems. Of special significance is the beam to dif
fuse radiation ratio, its hourly variation, and the parameter
ization in terms of local observables, The effect of local 
solar persistence should be included. 

I.A.4 (C) 
Investigate methods of parametric expression of daylighting 
effectiveness in terms of beam and diffuse radiation, 

I.A.5 (H,C) 
Assess the impact of sky-light polarization on daylighting 
effectiveness. 
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I.A.6 (H,C) 
Assess the adequacy of existing sky-light polarization data in 
terms of daylighting. Extend measurements as necessary. 

B. Sky Properties 

I.B.l (C) 
Develop, test, and deploy infrared sky radiometers for measuring 
the spectral atmospheric emission parameters in various parts of 
the country. These measurements will be utilized to assess the 
potential effectiveness of emitting surfaces for radiative cool
ing systems. 

I.B.2 (C) 

Parameterize the infrared emission characteristics of the sky 
in terms of common observables and interpret the parameteriza
tions in terms of effective sky temperature. 

I.B.3 (C) 
Define a radiative cooling design day which separates the visible 
and infrared portions of the spectrum for both daytime and night
time periods. 

C. Atmospheric Effects 

I.C.l (H) 
Study energy-loss effects of wind-stripping of still air layer 
at the surfaces of buildings. The study should consider a vari
ety of materials, surface textures, and building configurations. 
with special emphasis on glazings. 

I.C.2 (H.C) 
Investigate methods of parametric reduction of weather data for 
use in passive heating and cooling system analysis and design. 

I.C.3 (H,C) 
Study effects of wind and temperature on infiltration in stan
dard building constructions. 

I.C,4 (C) 
Develop a·lgorithms for wind-augmented evaporation cooling. 
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I.C.5 (C) 
Assess microclimate effects of evaporative cooling in high 
population density applications. 

I.C.6 (C) 

Define and develop a design night relevant to ventilation cool
ing systems. The design conditions should include windspeed, 
dry bulb temperature, and dewpoint. 

D. Ground Properties 

I.D.l (C) 
Perform a state-of-the-art investigation of ground temperatures 
and ground conductivities. Private and government sources (in
cluding military) should be surveyed. 

I.D.2 (C) 
Extend the Department of Agriculture ground temperature measure
ments to greater depths and a greater climactic range. 

I.D.3 (C) 
Carry out studies of ground conductivity and temperature for 
various soil types and conditions as affected by ground water. 
Develop a method of characterizing the thermal conductivity 
and heat capacity in terms of local measurements. 

I.D.4 (C) 
Define a design year for soil thermal properties for a variety 
of climactic regions. 

E. Terrain 

I.E.l (H,C) 
Initiate studies to assess the potential of passive heating 
and cooling systems in terms of available sites. Attention 
should be given to shadowing, local wind patterns, and reflec
tivity of the terrain. Both natural terrain and the built 
environment should be considered in new and retrofit applica
tions. 
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I,E,2 (C) 
Assess and characterize the effect of local terrain features 
on wind-driven ventilation cooling, 

F, Heat Exchange Mechanisms 

I,F,l (H) 

Perform in-depth theoretical and experimental studies of air 
flow in storage walls with vents. Consider spacing between 
glazing and storage, collection surface texture, storage con
figuration, and inlet and outlet configuration. Generate heat 
transfer coefficients from fundamental principles. 

I.F.2 (H,C) 
Investigate the infiltration aspects of simple doors and doors 
with airlocks. 

I.F.3 (H,C) 
Investigate temperature-driven and pressure-driven convective 
heat transfer in bulk fluids within a space and through open
ings in walls. The purpose will be to develop algorithms for 
integration into existing computer codes to describe thermal 
operation of passive systems, Validate with experimental data. 

I.F,4 (H,C) 
Generate convective heat transfer coefficients appropriate to 
various passive configurations starting with fundamental prin
ciples, Validate utilizing experimental data. 

I.F.5 (H,C) 
Investigate heat transfer coefficients at the interface between 
air and a solid surface. Parameterize the coefficients as func
tions of the measurable boundary conditions. 

I.F.6 (H,C) 
Investigate the effects of flow passage size and system layout 
on the performance of low velocity~ natural convection solar 
heating and cooling systems which utilize rock bed thermal 
storage. Analyze the s bility of the flow through the rock 
bed and the effects of turns, duct sizes, and obstructions on 
the air flow characteristics of the system. 
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LF.7 (H,C) 

Investigate horizontal and vertical heat transfer (both convec
tive and conductive) in water as functions of container config
uration and the location of the aperture through which energy 
is delivered to the water. 

I.F.8 (C) 

Generate and investigate windscreen configurations which enhance 
wind-augmented evaporation cooling. 

LF.9 (C) 

Investigate air flow patterns in actual building situations. 
Correlate observed patterns with natural ventilation through 
openings in the building envelope. 

II. PRODUCT DEVELOPMENT TASKS 

A. Glazing Materials and Assemblies 

II.A.l (H) 

Develop infrared reflection coatings. Emphasize increasing the 
solar spectrum transmittance of the coating while retaining the 
reflection characteristics. Study the effect of IR reflection 
and solar transmission on collection performance for both flat 
black absorber and selective absorber surfaces. 

ILA.2 (H) 

Determine the effect of glass surface conditions on collector 
performance. Include an evaluation of traditional glass sur
face figuring and etching. 

ILA.3 (H) 

Continue development of surface etching processes for reducing 
reflectivity on both glass and plastics. Determine the types 
of glass or plastic most appropriate for this treatment, their 
potential for mechanical surface failure, the effect on them of 
dirt and repeated washing, and their cost-effectiveness. 

II.A.4 (H,C) 

Investigate/develop "optical shutter 11 glazings in the follovJing 
categories: 
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• Electric-field actuated, variable-plasma-edge semiconductor 
films. 

• Electri eld actuated, variable-color-center-density films. 
• Thermally actuated reflective films. 

ILA.5 (H,C) 

Develop durable coatings for plastic glazings. Compare the cost 
of applying a coating of polymeric plastic on PVC film to the cost 
of building the stabilizer into the polymeric material. 

ILA.6 (H,C) 

Collect and publish existing designer-oriented information on 
glazing materials, components, and assemblies appropriate to 
passive heating and cooling systems. Extend information base 
as necessary to cover the full spectrum of relevant topics 
related to in-use transmission, heat loss, infiltration, etc. 

ILA.7 (H,C) 

Test, as required, available glazings individually and in com
bination. Investigate the reflectivity, absorptivity, trans
missivity, and diffusion effects as a function of angle of 
incidence and material age. Document hourly and daily trans
mitted solar radiation through various combinations of glazings 
as a function of: 

• angle of glazing; 
• sun angle and intensity. 

Experimental data are desirable because of the poorly understood 
effects that diffusion in the first layer can have on the trans
mission of subsequent layers. Non-optical data should also be 
acquired; flamrnabinty, outgassing, and aging effects are of 

ial importance. 

ILA.8 (H,C) 

Investigate means for applying both IR reflective and anti
reflective coatings uniformly in large volume production. Con
sider coatings for glass and plastics, and study the cost impli
cations of the production process. 

II.A.9 (H,C) 

Generate and evaluate concepts for movable glazing for south
aperture and roof aperture systems. 
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II.A.lO (C) 
Survey existing IR-transparent materials to identify promising 
candidates for use with sky-cooling radiators. 

II.A.ll (C) 

Develop IR-transparent materials for use with sky-cooling 
radiators. 

II.A.12 (C) 
Generate and test concepts for glazing assemblies which incor
porate mechanical reflective shutters for daylighting control. 

B. Absorber and Emitter Materials and Assemblies 

II.B.l (H) 
Institute a survey of existing selectively absorbing coatings 
and assess potential for application to masonry storage units, 
containers for water and PCM storage, and other building mater
ials. Durability and safety issues will be addressed. 

II.B.2 (H) 

Investigate additives for water which can be used to 11 fine 
tune" the absorptivity of water in clear storage tubes. 
Emphasis should be placed on high absorptivity in the UV 
and IR. 

II.B.3 (H) 

Devise variable absorbers for use in clear, water storage 
containers. 

II.B.4 (H,C) 
Collect and publish existing designer-oriented information on 
absorber coatings and emitter coatings appropriate to passive 
solar applications, Durability and safety considerations will 
be included in this documentation, 

II.B.5 (H,C) 
Collect and publish existing designer-oriented information on 
collectors and radiators which might be appropriate to passive 
solar applications, Information on installation and applicating 
experience, durability, safety, performance, etc. will be in
cluded, 
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ILB.6 (C) 

Institute a survey of existing selective emitters and assess 
feasibility for applications to passive solar cooling. 

ILB.7 (C) 

Identify desired properties of selective emitters for use in 
radiative sky-cooling applications. 

ILB.8 (C) 

Develop selective emitters with properties appropriate for use 
in radiative sky-cooling applications. 

ILB.9 (C) 

Undertake a comprehensive program to measure the infrared opti
cal properties of candidate materials for radiative cooling 
systems. Materials with appropriate absorptance/emittance 
characteristics will be used in fabrication of radiatiave cool
ing panel/windscreen systems. These prototype configurations 
will be tested and evaluated in test bed measurements. 

ILB.lO (C) 

Perform a state-of-the-art investigation of surface coatings 
and finishes which control solar loading on the building enve
lope and/or have selective spectral properties. Military and 
aerospace technologies will be included as prospective sources 
for data, materials properties, measurement facilities, and 
other pertinent information. 

ILB.ll (C) 

Generate and investiga windscreen schemes for minimizing 
atmospheric heating of sky-cooling radiators. 

C. Reflector Materials and Assemblies 

ILC.l (H) 

Collect and publish existing designer-oriented information on 
reflector materials and assemblies which might be appropriate 
to passive solar applications. Durability and performance will 
be emphasized. 

ILC.2 (H) 

Generate and test schemes for ground reflectors for south
aperture systems. 
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II.C.3 (H) 
Generate and test schemes for combination reflector and movable 
insulation assemblies for a broad range of passive systems. 

D. Insulation Materials and Assemblies 

II.D.l (H,C) 
Collect and publish existing designer-oriented information on 
shades, shutters, and moving insulation which have been success
fully applied to, or show promise for, passive heating and/or 
cooling systems. 

II.D.2 (H,C) 
Generate and test schemes for moving insulation for south, 
roof, and shaded-roof apertures. Emphasize potential for 
integration with glazing, reflector, and storage assemblies. 

II.D.3 (H,C) 
Develop low-cost insu1ative sheathings for application to the 
outside of masonry and other high-mass structures. Emphasis 
should be placed on ease of application, resistance to weather 
and fire, and minimizing material and application costs. 

E. Storage Materials and Assemblies 

II.E.l (H) 

Develop and test a variety of clear containers suitable for 
placing in direct sunlight. Schemes should be generated both 
for south-aperture and roof-aperture applications. 

II.E.2 (H) 

Generate and test concepts for innovative high-heat capacity, 
high-absorptivity furnishings suitable to direct heating sys
tems (e.g. ,water furniture). Select promising examples for 
testing and use in direct heating systems. Special attention 
will be paid to durability of the storage assemblies. 

II.E.3 (H) 
Generate and test concepts for water storage floors suitable 
for direct heating systems. 
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II.E.4 (H) 

Investigate methods for combating aqueous corrosion of the var
ious materials used for water tanks and heat exchangers. Include 
chemical additives and electrolytic processes. Consideration 
wi11 be given to toxicity and to relevant potability requirements. 

II.E.5 (H) 
Identify and test non-corrodible liners for water storage tanks. 
These liners might be made of plastic, fiberglass, or other 
materials. 

II.E.6 (H) 
Investigate the use of unconventional materials such as concrete 
composites for water-storage tanks. 

II.E.7 (H,C) 
Compile data, in user-oriented form, pertaining to existing 
storage assemblies suitable for passive solar applications. 
Information should include conductivity, specific heat, latent 
heat, cost (on regional basis), durability, reliability, modu
lar dimensions, etc. 

II.E.8 (H,C) 
Generate and test concepts for masonry and concrete structural 
elements with additives to yield high heat capacity and conduc
tivity. 

II.E.9 (H,C) 
Develop inexpensive techniques of encapsulating phase-change 
materials. Emphasis should be placed on energy exchange and 
durability. 

II.E.lO (H,C) 
Develop phase-change material storage assemblies appropriate to 
passive heating and cooling applications. 

II.E.ll (H,C) 
Investigate thermal losses from underground storage assemblies. 
Include effects of conductive heat transfer in soils and mass 
transfer due to groundwater movement. 
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F. Combination Assemblies 

II.F.l (H,C) 
Develop schemes for combining glazing, absorbers or emitters, 
storage, reflectors, and insulation into assemblies which are 
economically advantageous and/or provide performance benefits 
over the non-integrated alternatives. Also consider the addi
tion of necessary heat exchangers, hybrid components such as 
fans and pumps, and central systems. 

G. Fluids and Sealants 

II.G.l (H,C) 
Investigate heat transfer fluids that expand on cooling to pro
vide the possibility of a reverse thermosyphon. 

II.G.2 (H,C) 
Collect and publish existing designer-oriented information on 
sealants, appropriate to passive solar applications. 

II.G.3 (H,C) 
Develop sealants for use around dampers, movable insulation,· 
and movable glazing. 

II.G.4 (H,C) 
Survey and characterize existing sealants for use in reducing 
infiltration through glazing assemblies. Investigate silicones, 
ethylene terpolymerhydroxide (rubber) adhesive, polyvinyl butyral, 
EPDM, organic tars, etc. Study outgassing temperature stability, 
UV degradation, strength characteristics, cost of materials and 
installation, durability, toxicity, etc. 

H. Sensors, Actuators~ and Controls 

II.H.l (H,C) 
Develop and test sensors and controls which respond to the mean 
radiant temperature of the conditioned space. 

II.H.2 (H,C) 
Develop and test controls and actuators for movable insulation 
schemes. 
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I. Fans, Pumps, Valves, etc. 

II.I.l (H,C) 
Develop and test fans and pumps specifically sized and designed 
for application to passive and/or hybrid systems. 

II.I.2 (H.C) 
Design and test damper and control assemblies suitable for use 
with thermocirculation systems in Trombe walls and other natural 
convection systems. 

J, Heat Exchange 

II.J.l (H,C) 
Survey existing heat exchangers and assess applicability to pas
sive systems (e.g., for solar ponds, ground cooling, etc.). 

II.J.2 (H,C) 
Generate concepts for heat exchangers designed to use the ground 
as a source or sink for heat. Select promising schemes for de
velopment and testing. 

II.J.3 (H,C) 
Investigate heat exchange processes in salt-gradient-stabled 
ponds. Develop heat exchanger designs appropriate to that 
application. 

K. Heat Pipes and Thermal Diodes 

II.K.l (H,C) 
Assess the state of the art of the heat pipe and thermal diode 
technologies. Consider the appropriateness of the operational 
characteri cs and performance of currently available compo
nents and systems. 

II.K.2 (H,C) 
Study applications of inexpensive heat pipes to passive buildings. 

II.K.3 (H,C) 
Inves gate use of heat pipes for transporting energy between 
collection and storage and between storage and space. 
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II.K.4 (H,C) 
Generate and test concepts for heat pipe connections of environ
ment to storage and storage to space. 

II.K.5 (H) 

Generate and test concepts for using heat pipes in passive 
solar hot water systems. 

III. SYSTEMS DEVELOPMENT TASKS 

A. Concept Generation and Assessment 

III.A.l (H) 
Investigate the possibilities for passive wall heating by thermo
syphon from flat plate liquid collectors. 

III.A.2 (H) 

Generate and assess concepts for using east wall (with moving 
insulation) for early-morning direct-gain heating. 

III.A.3 (H) 
Generate and assess concepts for space heating using remote col
lection with storage floor. 

III.A.4 (H) 
Develop structural schemes for shaded-roof aperture systems, 
integrating insulation, reflectors, storage, structure, etc. 
The goal is to provide a standard roofing system which can be 
purchased and easily erected as a substitute for standard, 
flat, built-up roofs. Emphasis should be on: 

• details of manufacture and deployment; 
• ease of maintenance and operation; 
• safety and durability. 

A full range of systems will be investigated, including: 
t direct heating; 
• indirect heating with roof storage; 
• isolated heating with roof storage; 
• combinations including clear water storage (direct and 

indirect). 
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Both factory and site-built systems will be designed; design 
parameters will include thermal performance and daylighting. 

III.A.5 (H) 
Generate and assess passive solar mobile home concepts. Empha
sis should be placed on direct gain systems with water floor 
storage, using south-aperture for single widths and shaded roof 
aperture for the north section in double-wide mobile homes. The 
generation of other innovative mobile home schemes should be 
encouraged. 

III.A.6 (H,C) 
Generate and assess schemes for mobile home passive solar retro
fit. Emphasis should be placed on add-ons for south walls, in
cluding habitable spaces with south or south-sloping apertures. 
The generation of other innovative schemes should be encouraged. 

III.A.7 (H,C) 
Generate and assess concepts for urban-scale solar applications. 

III.A.8 (H,C) 
Generate concepts for integrating photovoltaics with passive 
solar heating and cooling systems. 

III.A.9 (H,C) 

Investigate the relative merits of plants, ozone generators, 
and heat exchangers (between outgoing and incoming air) as 
sources of oxygen for occupied buildings. Compare on the 
basis of performance (oxygen level~ ion level, impurity con
tent) and cost (back-up energy required). 

III.A, 10 (H,C) 
Generate and assess schemes for transferring heat between zones 
in single and multiple depth N-S zone configurations. 

III.A.ll (H 1 C) 

Generate schemes for passive preheating and pre-cooling of 
ventilation air, 

III.A.l2 (H) 

Assess the energy implications of retrofit use of convection 
driven~ window-mounted air heaters. 
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III.A.l3 (C) 

Generate and assess schemes for using fans to augment evapora
tive cooling in shaded storage roof systems. 

III.A.l4 (C) 

Generate and test conceptual and engineering designs for radia
tive cooling systems if feasibility is established in test bed 
applications. 

III.A.l5 (C) 

Generate schemes for roof storage systems which are modularly 
expandable in two directions and which are suitable for commer
cial applications (e.g., warehouses, workrooms, etc.). Low
powered hybrid configurations may be appropriate. 

III.A.16 (C) 

Generate and assess configurations for utilizing stack effect 
for cooling purposes in high-rise buildings and assess thermal 
potential. Functional space utilization impacts of the systems 
will be considered as a function of building type and geometry. 

III.A.l7 (C) 

Generate and assess schemes for using nocturnal outside air 
for cooling the building envelope or a storage mass. The 
cooled components would be used for cooling the space during 
daylight hours. 

III.A.18 (C) 

Investigate the potential in hot climates for using conduction 
to the ground for direct cooling, 

III.A.19 (C) 

Assess the environmental implications of widespread use of 
evaporative cooling and compare to the effects resulting from 
utilization of competing technologies. 

III.A.20 (C) 

Assess the energy implications of shaded unshaded skylights 
(with and without both moving insulation and reflectors) which 
are used both for heating and illumination. 

96 



8. System See.cifi cation 

IILB.l (H) 

Develop specifications for passive and hybrid convective pre
heaters for ventil on air. System specifications should 
include integration of the passive/hybrid components with the 
conventional HVAC equipment. 

IILB.2 (H) 

Engineer movable insulation systems for glazing assemblies and 
storage systems exposed to the occupied space. 

IILB.3 (H,C) 
Select several prom1s1ng functional applications for passive 
or hybrid solar heating and cooling office buildings, motels, 
etc. Select and specify configurations which are appropriate 
to these applications and which respect basic passive solar 
heating and/or cooling design principles (e.g., double-loaded 
corridor office spaces with corridor running east-west). Energy 
management issues will be included as appropriate in the speci
fications. 

III.8.4 (H,C) 
Develop specifications for combining stack effect/natural con
vective systems with outside air ventilation and with isolated 
thermal storage sytems. Integration with the conventional HVAC 
equipmentwill also be considered. 

IILB.5 (C) 

Develop specifications for improved evaporative cooling systems 
of special significance and ease of maintenance, operational 
efficiencys and low cost. 

IILB.6 (C) 

Define the engineering fications for a variety of roof 
storage cooling systems and associated movable insulation 
schemes. 

IILB.7 (C) 

Perform eng"l 19 specification of radiative cooling systems. 
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C. ~tern Analysis. 

IILC.l (H) 
Develop algorithms which characterize solar absorption in clear 
water containers with and without absorbing additives. 

IILC.2 (H) 

Investigate two-dimensional heat flow characteristics in vented 
storage walls, direct-gain storage systems, and in slab-on-grade 
construction, If necessary, develop descriptive algorithms for 
those heat transfer situations. 

IILC.3 (H,C) 
Continue development of network analysis computer codes to 
account for the following range of passive solar heating system 
characteristics: 

~ direct, indirect, isolated, and combinations; 
• south, roof, and shaded roof apertures; 
~water (clear and opaque), masonry, and PCM storage; 

III.C.4 (H,C) 
Modify existing public domain building energy analysis programs 
to provide simulation capabilities which include passive heat
ing and cooling systems and which focus on commercial building 
types. In addition to developing models which describe the pas
sive collection and storage elements and the associated inter
and intra-zone energy distribution systems, extension and/or 
improvements will be made to existing heat transfer algorithms 
which limit the programs to conventional building types. The 
resulting code will be validated, documented, and made available 
to the design and engineering communities. 

IILC.5 (H,C) 
Investigate applicability of passive heating and cooling tech
niques to high occupancy situations, 

IILC.6 (H,C) 
Identify the uncommon features of passive systems which affect 
occupant comfort; quantify and assess the need for control sys
tems which respond tu these comfort-influencing parameters. 

98 



III.C.7 (H,C) 
Carry out studies, using detailed hour-by-hour computer codes, 
to compare the practicality of various active and passive sys
tems as a function of degree of control over the thermal environ
ment in the functional space. 

III.C.8 (H,C) 
Perform a state-of-the-art investigation of closed-cycle envi
ronments (e.g .• submarines, spaceships, etc.) to identify tech
niques for generating oxygen and purifying air. Human comfort 
studies and performance criteria related to these systems should 
also be identified. 

III.C.9 (H,C) 
Determine the characteristics, requirements, and costs of con
ventional cooling systems when they are coupled to passive 
heating and cooling systems to provide heating and cooling in 
various climates. 

III.C.lO (H,C) 
Use appropriate thermal balance and/or response-factor energy 
analysis programs to predict temperatures in the vicinities of 
the north and south walls and the ceiling and floor in multizone 
configurations as a function of: 

• number of N-S divisions; 
• number of E-W divisions; 
• number of floors; 
• north-south extent of space; 
• east-west extent of space; 
• ceiling height; 
• nature of wall(s) which separate N-S spaces; 
1 nature of south-aperture collection (direct, indirect, 

insolated); 
• COP for energy distribution (infinity for totally passive 

distribution, finite if fans used); 

• climate. 
Validate with data wherever possible, 
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III.C.ll (H,C) 
Perform a systematic examination of the health~ safety, and 
comfort issues which arise in buildings characterized by low 
infiltration and ventilation rates. The influence of the 
building materials, auxiliary HVAC system, and functional 
utilization of both residential and commercial structures 
should be identified. 

III.C. 12 (H,C) 
Integrate phase-change material storage into hourly computer 
analysis programs. Utilize the code to optimize the phase
change temperature and heat transfer criteria for phase-change 
storage systems. 

III.C.l3 (H,C) 

Develop computer codes to simulate ground effects on system 
performance. Consider the following range of buildings: 

t mounted on stilts; 
• with crawlspace; 
• with basement; 
e slab on grade; 
e slab on grade with N Berm; 
e slab on grade with N, E, and W Berms; 
• slab on grade with N, E, W Berms and roof direct; 
• buried to roof-line; 
e buried completely. 

Use computer codes to assess relative merits of the various 
configurations in both heating and cooling situations. 

III.C.14 (H,C) 
Assess the suitability of the techniques used in existing 
public domain building energy analysis computer programs for 
passive systems simulation. Both residential-oriented ther
mal balance programs and multi-zone codes which emphasize com
mercial building types will be examined. Particular attention 
will be paid to identifying the limitations of current tech
niques for analysis of (l) thermally massive building elements 
and (2) radiative and convective heat transfers within the 
functional space. 
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IILC.l5 (H,C) 

Perform a systematic study of the solar add-on costs associated 
with the various passive system configurations, Surveys will 
be made of the incremental costs incurred in existing passive 
buildings and detailed estimates of costs expected for other 
configurations will be obtained. These data should reflect 
differences in regional construction costs as well as alterna
tive construction methods. 

III. C. 16 (H9C) 

Identify special control logic and control actuator require
ments suitable for passive solar energy systems. 

IILC.17 (H9C) 

Investigate the potential of 11 Smart controller 11 (e.g., micro
processors) for the operation of passive solar systems. Iden
tify sensors and data inputs (e.g., weather predictions) which 
would be meaningful in establishing control strategies. 

IILC.l8 (H,C) 

Perform systems studies to establish the energy implications 
of building proportions--i.e., relative magnitude of north
south, east-west and vertical extent. 

IILC19 (H,C) 

Investigate and tabulate the add-on cost characteristics of 
the various passive solar energy systems by reviewing existing 
passive solar energy system installations and costs, using 
standard cost-estimating procedures for buildings. 

IILC.20 (H,C) 

Identify parameters which characterize the thermal performance 
of large mass (e.g,, masonry) constructions and passive system 
configurations, These parameters should be part of simplified 
methods for predicting the thermal performance of buildings 
which utilize passive system configurations. 

IILC,21 (C) 

Investigate the 
solar desiccant 
occupancy level 
latent load, 

potentials of dehumidifiers, heat pumps, and 
dryers for extending the climactic range and 

passive cooling by handling part of the 
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III.C.22 (C) 
Determine the characteristics, requirements, and costs of con
ventional cooling systems when they are coupled to passive 
heating and cooling systems to provide heating and cooling in 
various climates. 

III.C.23 (C) 
Incorporate measured atmospheric infrared emission parameters 
into a load-calculating computer program. 

III.C.24 (C) 
Investigate evaporative and/or nocturnal outside air cooling 
in conjunction with rock bed or other storage system. 

D. Data and Instrumentation Requirement~ 

III.D.l (H,C) 
Based on the systems analysis tasks, identify a broad range of 
factors and/or parameters which characterize the thermal per
formance of the full scope of passive solar heating and cooling 
systems. The parameters should allow comparative evaluation 
between different systems and absolute evaluation of a parti
cular system. 

III.D.2 (H,C) 
An identification should be made of the most crucial perfor
mance factors which would be appropriate to a very broad-based 
program to gather statistically significant data from many 
passive solar heating and cooling demonstration projects. 

III.D.3 (H,C) 
Define the thermal parameters which must be measured to eval
uate system performance and which will provide for engineering 
proof-of-concept; measurement frequency and accuracy must also 
be determined. 

III.D.4 (H,C) 
Define a standardized method for reporting passive solar heat
ing and cooling system performance. In addition to including 
meaningful and measurable system performance parameters and 
va ables, data on mechanical design, livability, operating 
characteristics, and maintenance requirements must be docu
mented. 
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III.D.5 (H,C) 
Select an instrumentation package appropriate to basic perfor
mance measurement and in-depth experimental studies of passive 
solar systems. 

III.D.6 (H,C) 
Set standards for sub-metering on solar energy projects to 
ensure adequate measurement of the use of auxiliary units. 

III.D.7 (H,C) 
A multi level instrumentation package (i.e., a basic package 
with options) should be identified and developed for use in a 
broad-based, extensive passive solar systems monitoring pro
gram. The basic package should provide for a minimum set of 
measurements to include: 

• comfort achieved; 
• weather conditions; 
t auxiliary energy used. 

The options should allow expansion of the system to approxi
mately 40 or more channels to allow for detailed performance 
evaluations and for computer code validations. 

III.D.8 (H,C) 

E. 

Investigate methods of compressing systems data by pre
processing. This will reduce the quantity of data which must 
be stored and provide a condensed output that will be more 
easily understood. 

on 

III.E.l (H~C) 

Continue expand as appropria existing small-scale passive 
heating and cooling tem testing efforts. 

III.E.2 (H~C) 

Expand present test cell program as necessary to validate 
analytic models. 
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IILE.3 (H,C) 

Design a systems testing program employing side-by-side, con
trolled, full-scale test cell experiments involving a range 
of passive solar systems to be located at several sites repre
senting distinct climactic conditions, Emphasis should be on 
rigorous system-to-system and climate-to-climate comparisons, 
while keeping costs down and allowing for a broad range of 
experiments by devising test cells with highly interchange
able parts. Over the full range of sites the potential should 
exist for experiments involving: 

e direct, indirect, isolated, and combination heating through 
south apertures (with or without sunspace add-on), roof 
apertures, and shaded roof apertures; 

e direct, indirect, and isolated cooling to sky, atmosphere, 
and ground; 

' water, masonry, and PCM storage; 
e conventional construction, 

Consideration should be given to appropriate control strate
gies, simulation of occupancy, and the use of the data to vali
date all significant passive solar computer codes. A scheme 
for assessing the results in terms of comfort and back-up 
energy should be devised, 

IILE.4 (H,C) 

Assess the merits of side-by-side systems testing program. If 
judgement of side-by-side systems testing program is favorable, 
select institutions for test sites. Emphasis should be on uni-
versities with strong hnical programs and design-profession 
education programs. 

III.E.5 (H~C) 

Undertake expansion and/or continuation of preliminary full-
scale ng of passive systems as appropriate. 

IILF."I (H) 

Investigate the impact of body heat and other internal heat 
sources on heating requirements in well-insulated, low
infiltration buildings. 
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IILF.2 (H) 

Investigate the effect of distribution of thermal mass in 
direct-gain systems. Identify the importance of location, 
color, coverings, etc, on the effectiveness of thermal stor
age in direct-gain systems. 

IILF.3 (H,C) 

Sensitivity studies will be undertaken to quantify the 
effects in building performance of (l) passive system design 
parameters; (2) building design, use, and operation para
meters; and (3) auxiliary heating/cooling system controls 
and control strategies. These studies will be utilized in 
assessing the applicability of passive design concepts to 
various combinations of building design and end uses. 

III.F.4 (H,C) 
Assess the trade-offs between illumination and summer load 
for various direct-gain apertures, 

III.F.5 (H,C) 

Institute study of north-windows trade-off between summer ven-· 
tilation and winter heat losses. Establish design guidelines 
for percent windows on north wall. Carry out similar studies 
for east and west windows. 

IILF.6 (H~C) 

Use building energy analysis computer programs with passive 
systems simulation capabili es to study the thermal perfor
mance of residential and commercial buildings. The studies 
should emphasize (1) the impa varying climactic condi 
tions on tern ign; (2) desing optimization; (3) defini-
tion of control stra ies; (4·) in tion of auxiliary HVAC 
sys terns with the passive tern· and ( 5) defi n i on of energy 
dis bution terns which improve thermal performance and 
comfort condi ons in multizone structures. 

Perform sens i t·l vity 
hybr-id, and passive 
perature, wind a 

on an assor·tment of generic act·i ve, 
terns with respect to ambient tern

on, humidity, and solar radia-
tion at a ety 1 ons, Cha ze variations in 
system response from year to 
one tern next. 
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III.F.8 (C) 

Study the regional applicability of cooling systems based on 
both selective and non-selective emitting systems. 

G. Desi Tools 

IILG,'l (H,C) 

Integrate thermal balance and/or network analysis routines 
into us ented compu programs appropriate for the 
building design communHy. 

IILG.2 (H,C) 

Devel and vali te simplified hniques for analyzing and 
predi ng the performance of sive ar buildings. Hand-
book tables and , cula on methods, hand-held 
calculator programs, and simpli computer programs are 
included. Supporting documentation is required for all 
design tools developed under this task. 

IILG.3 (H,C) 

Use output from analytical tools developed in the program to 
periodically expand update residential-scale passive solar 
design handbooks. 

IILGA (H,C) 

Use output from mul zone compu simulation studies to 
develop and periodicany expand and update a commercial-scale 
passive solar concept manual, 

H, Performance 

IILH,'l (H~C) 

Based on 
sive 
ti 

for 
pa 

W6 

es developed for each pas
and document an ini-

at·l to the therma 1 perfor-
a will appropriately account 
full range of system design 



IILH.2 (H 

Based on the initial criteria and a broad~based experimental 
program~ develop definitive performance criteria which are 
technically valid in actual building situations. The criteria 
should include a methodology for assessing compliance based on 
design information and a procedure for measuring post-construc
tion compliance. 

I. Market Field Tests 

III.Ll (H,C) 

Perform an hnical readiness of individual 
passive solar heating and ing systems in order to determine 
their paten al marketability, The assessment will include 
examination of (1) the availability of appropri design 
tools 9 (2) suitability of exis ng designer and user exper~ 
ience, and (3) adequacy of the existing economic data base. 

IILL2 (H,C) 

Ini a a program to t the marketability sped fi c pas-
sive sys in both new and retrofit appli ons to differ-
ent building types. The ng win serve as the final step 
in the proof-of-concept process; it will examine the climactic 
adaptability of the developed designs~ it will t the design 
tools both with t to usability and technical viability, 
and it will provide a broad-based t of the validity of 
1n1 al performance teria. These building programs will 
be ini ated for' residentolal and commercial buildings and/or 
specific passive system type. Relevant "information will be 
thoroughly documented for building constructed in the 
program; this will incl 

• pre-cons on pa ign; performance es mate 
• construction 
• t-occupancy evalua on: performance; comfort. 

eld ting programs will be used 
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cooling. Secondary uses include: (1) broadening awareness 
and understanding of passive solar within the residential 
and commercial design and construction community and the 
general public; (2) development of passive solar designs 
appropriate to the marketplace; (3) identification of bar
riers to commercialization; and (4) acquisition of cost, 
performance~ market, and attitud·lnal data. 
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APPENDIX C: 
TECHNOLOGY UTILIZATION TASKS 

Presented in this Appendix are utilization tasks. They have 
been generated from a review of current ssive solar issues and 
problems within the utilization process. The task emphasis is on 
near~term activities. Special consi tion was given to the re
sults of the Reston meeting and subsequent commercialization meet~ 
ings in defining and giving priority to the ks. Many of these 
critical near- term utilization tasks 11 provide ·information and 
data for defining more specific long-term tasks and will help estab~ 
lish a detailed comprehensive utilization plan. 

TABLE III-1 

Technology Utilization Task Classifications 

I. COMr1ERCIALIZATION 
READINESS 
ASSESSMENT 

II. TECHNOLOGY TRANSFER 

III STIMULATION 
TECHNOLOGY 
CAPABI 

IV. STIMULATION 
MARKET DEMAND 

A. 
B. 
c. 
D. 
E. 
F. 

A. 
B. 
c. 

A. 
B. 
c. 
D. 
E. 

F. 
G. 
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I. COMMERCIALIZATION READINESS ASSESSMENT 

A. Technical Readiness 

LA. 1 

Maintain a continuously updated technical readiness assessment 
for all passive systems, to be used in identifying systems for 
intensified commercialization activities. The near-term empha
sis will be on initiating a detailed assessment of passive 
space-cooling systems, to complement the existing space heat
ing assessment. 

B. Market/Economic Readiness 

LB. l 

LB.2 

I.B.3 

LB.4 

For systems judged technically ready or close to technically 
ready~ identify prime markets in terms of 

• building construction rate; 
e compatibility of climate and passive system; 
• competing technologies; 
• receptivity of community to innovative building designs; 
• characteristics of local construction business and atti

tudes of building community. 

Evaluate community attitudes toward passive solar installations, 
impact on land values, and influences on future development of 
neighborhoods. 

Evaluate consumer attitudes to passive solar energy systems in
cluding devices that require intervention by the resident (moving 
insulating panels at night 5 etc.). Compare consumer attitudes 
in this area with consumer reaction to other energy conserva
tion measures. 

Interview occupants of passive solar buildings to assess the 
life-style and comfort factors of different passive approaches. 
Both technical (quantifiable) and non-technical (qualitative) 
issues should be addressed 
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C. Environmental Readiness 

LC. 1 

LC.2 

LC.3 

Assess the environmental readiness of all passive systems 
deemed technically ready and marketable. 

Use microclimate studies to assess environmental acceptability 
of evaporative cooling in densely-built, large-scale develop
ments. 

Assess the water resource impact of evaporative cooling in 
arid climates. 

D. Institutional Readiness 

I. D. l 

LD.2 

Synthesize information on the building industry experience. 
Identify factors that have slowed or prevented building tech
nology innovations as well as factors that have accelerated 
the adoption of such innovations. Draw parallels and distinc
tions between past building technology innovations and passive 
solar and identify likely problem areas. 

Assess lender attitudes which could impact funding of passive 
solar projects. 

E. Benefits Analysis 

LE.l 

Perform benefits analysis for all passive systems deemed tech
nically ready and marketable. Disaggregate according to econo
mic and climactic conditions prevalent in those parts of the 
U.S. where building construction rates are high. Base benefits 
analysis on passive systems sized to maximize net present worth. 
System emphasis will be as follows: 

Short-term: Storage wall, direct-gain wall, and combina 
tions of the two. 

Mid-term: Roof and shaded roof aperture heating systems. 
long-term: Passive hot-water and cooling. 
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F. Commercialization Planning 

LF, 1 

Refine and update commercialization planning on the basis of 
technical, market/economic, environmental, and institutional 
readiness assessments and benefits analyses. The near-term 
planning will emphasize space heating; in the future, the 
emphasis will shift to space cooling and passive hot water. 

II. TECHNOLOGY TRANSFER 

A. Data Management 

ILA. 1 

Expand data base for passive program: nationally through the 
information center and regionally through the RSEC's. 

B. Education and Training 

II.B.l 

Organize lectures and seminars for the financial community 
stressing: 

II.B.2 

• performance and reliability of passive solar; 
• benefits of considering projected energy expenditures 

in determining allowable mortgage. 

Organize lectures, seminars, university curricula, and confer
ences for building designers (architects and engineers) empha
sizing: 

• basic principles; 
• design decision-making; 
• detailed thermal analysis. 

Among other things, these activities should provide support to 
and be coordinated with other parts of the program, such as 
the design/build competition. 
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II.B.3 
Organize lectures, seminars, and conferences for builders, 
developers, and related professional organizations, Among 
other things, these activities should provide support to and 
be coordinated with other parts of the program, such as the 
marketable design development. 

II.B.4 
Organize lectures, seminars, and conferences for planners and 
government officials, emphasizing the integration of solar 
considerations into more general land management and planning 
methods. 

II.B,5 
Develop and fund trade-school courses for installers and crafts
people. 

II.B.6 
Organize lectures and seminars for realtors. Emphasize the 
importance of a variety of energy issues, such as solar expo
sure, orientation, window placement, overhangs, vegetation, 
insulation, etc. 

II.B.7 
Fund the preparation of articles for architectural, engineer
ing, and planning professional journals, 

C. Information Dissemination 

II.C.l 
Expand information dissemination program nationally through 
the information center and regionally through the RSEc•s. Pre
pare literature, films, slide presentations, and other infor
mation packages suitable for use by universities, trade schools, 
and professional groups and organizations. Materials should be 
made available for designers, builders, developers, planners, 
government officials, craftspeople, installers, realtors, and 
lenders. 

II,C.2 
Provide technical and design specification documentation to the 
building community, 
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IV. STIMULATION OF TECHNOLOGY DELIVERY CAPABILITY 

A. Solar Access 

III.A.l 
Based on the results of the land use surveys and the land use 
planning tools developed in the technical areas~ develop plan
ning guidelines and provide planning assistance to municipal 
officials, and developers. 

III.A.2 
Initiate development of model solar access regulations which 
recognize regional, local, and site-specific characteristics. 

III.A.3 
Initiate development of model urban planning legislation. 

III.A.4 
Provision of assistance to state and local governments in 
tailoring model code to the locale and in defining and imple
menting necessary legislation. 

B. Building Codes and Standards 

III.B.l 
Provide information and guidelines to state and local officials 
for implementation of conservation codes which are not detri
mental to the solar alternative. 

III.B.2 
Develop guidelines for recommended modifications to state 
codes which inhibit passive solar implementation. 

III.B.3 
Assistant to code officials: 

1 Prepare and distribute information describing passive 
systems and their elements to code officials. 

• Provide guidelines for evaluating the effectiveness of 
passive solar elements and distribute to code officials. 

• Provide assistance to state and local code officials in 
evaluation of passive system compatibility with existing 
codes. 
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C. Performance Criteria 

III.C.l 

Expand on the results of Technology Development task III.H.l 
to establish detailed thermal and lighting criteria for a 
range of fully-developed passive solar systems, in a range 
of climates. 

D. Incentives 

III.D.l 
Based on studies of building construction industry (task 
I.D.l), identify those parts of the industry where substan
tial national benefits could be derived from financial incen
tives such as tax credits and government loans and grants. 

III.D.2 
Use prime-market studies (task I.B.l) to identify target com
munities for concentrated second-generation market field 
tests. 

III.D.3 
Encourage FHA and local building authorities to make passive 
solar add-ons eligible as part of basic home mortgages. 

III.D.4 
Encourage FHA and local building authorities to use passive 
solar in low-cost public housing. 

IV. STIMULATION OF MARKET DEMAND 

A. Consumer Education 

IV.A.l 
Organize lectures, with slide-shows and films, for presenta
tion at consumer and civic group meetings. Emphasis should 
be on simple principles and the elements of good design: solar 
exposure, orientation, window placement, overhangs, vegetation 
placement, etc.; but some more detailed lectures emphasizing 
philosophical and technical issues should also be available. 
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IV.A.2 
Supply public and institutional libraries with literature 
and films on passive solar. 

IV.A.3 
Develop lectures, textbooks, films, slide-shows, and mobile 
and science class demonstrations for public school education. 
Fund field trips to passive solar facilities. 

IV.A.4 
Generate posters and television commercials on passive solar. 

IV.A.5 
Assist in preparation of articles for various popular periodicals. 

IV.A.6 
Encourage dissemination of information through product manu
facturer advertising. 

B. Utility Programs 

IV.B.l 
Use results of system studies (see Technology Development Tasks) 
to encourage utilities to promote passive solar where beneficial 
to their load profile. 

C. Solar Energy in Federal Facilities 

IV.C.l 
Select high-visibility federal building projects to demonstrate 
a range of functional applications and building system types. 

D. Solar Energy in State/Local Buildings 

IV.D.l 
Encourage and support building and community demonstrations 
with high visibility. Share the design and solar add-on cost 
of several state and local buildings~ a substantial portion 
of which will be schools. Use projects as focus for educa
tional programs: 

• Provide accommodations for field trips to passive solar 
facilities. 

• Provide literature on passive solar facilities. 
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E. National, RegionaJ, and State Desig_n/Build Competitions 

IV. E .1 

Use prime-market studies (Task I.B.l) to identify regions, 
states, and cities for design/build competitions. 

IV. E. 2 
Hold passive solar design competitions, the primary purposes 
of which will be to: 

• reward designers (who might not otherwise find an appro
priate forum) for innovative ideas; 

• increase public and building community awareness; 
• build the most promising designs. 

F. Policy Studies 

IV. F. 1 

Study and evaluate the impact of conventional fuel subsidies 
on the life cycle cost comparisons of passive and conventional 
heating systems. 

IV.F.2 
In conjunction with other federal and state agencies and with 
representatives of the conventional fuel industry, develop 
scenarios for phased reduction of subsidies. 

G. Incentives 

IV. G. l 

Establish a definitional and procedural framework for federal 
income tax credits which is easily administered and which simul
taneously promotes design integrity in response to local climate 
conditions , 

IV.G.2 
tablish a definitional and procedural framework for low

interest loans which is easily administered and which simul
taneously promotes design integrity in response to local 

imate conditions. 
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IV.G.3 
Define criteria for accelerated depreciation eligibility. 

IV.G.4 
Establish a definitional and procedural framework for loan 
guarantees which is easily administered and which simultan
eously promotes design integrity in response to local climate 
conditions. 

IV.G.5 
Integrate passive solar financing options into local solar 
loan programs. 

IV.G.6 
Encourage state adoption of alternative mortgage instrument 
programs for solar financing. 

IV.G.7 
Encourage state income tax credits which promote design inte
grity in response to local climate conditions. 

IV.G.S 
Encourage adoption of property tax exemptions for passive solar 
add-on cost. 
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APPENDIX E: 

PROJECTED PASSIVE SOLAR SPACE-HEATING ENERGY IMPACT 

Residential and Light Commercial 
Passive Solar Costs and Energy Impacts 

Without Tax Credits 

EXPECTED MARKET PENETRATION 

New Construction 

New Energy Market (quads) 
Energy Penetration (quads in that year) 
Percent of New Energy Market Penetrated 
Percent Penetration of New Units 

Retrofit Construction 

Total Retrofit Energy Market (quads) 
Energy Penetration Retrofit (quads) 
Percent of Retrofit Energy Market 

Penetrated 
Percent Penetration of Retrofit Units 

of Tota 1 

Total Annual Energy Displaced (quads),t 
New and Retrofit 

1985 1990 

. 134 . 134 

.0034 .012 
2.5% 8.9% 
6.0% 19.0% 

9.52 9.94 
.0042 .0120 

.04% .12% 

.17% .47% 

.0202 .107 

2000 

.134 

.028 
20.8% 
41.0% 

10.5 
.0196 
.18% 

.73% 

.5 

tTotal annual energy displaced, in quads, by passive heating systems 
installed between 1978 and the year designated. 
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APPENDIX E (cont'd) 

Residential and Light Commercial 
Passive Solar Costs and Energy Impacts 

l~i th Tax Credits 

EXPECTED MARKET PENETRATION 

New Construction 

New Energy Market (quads) 
Energy Penetration (quads in that year) 
Percent of New Energy Market Penetrated 
Percent Penetration of New Units 

Retrofit Construction 

Total Retrofit Energy Market (quads) 
Energy Penetration Retrofit (quads) 
Percent of Retrofit Energy Market 

Penetrated 
Percent Penetration of Retrofit Units 

of Total Stock 

Total Annual Energy Displaced (quads),t 
New and Retrofit 

1985 

.134 

.0084 

6.2% 

12.0% 

1990 

.134 

.020 

14.9% 

30% 

9.52 9.94 

.0101 .022 

'11% • 23% 

.41% .88% 

. 0502 . 222 

2000 

. 134 

.032 

23.7% 

48% 

10.5 

'017 

'16% 

.62% 

.64 

tTotal annua·l energy displaced, in quads, by pass·ive heating systems 
installed between 1978 and the year designated. 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Euergy to the exclusion of others that 
may be suitable. 




