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SOLAR BUILDINGS RESEARCH AND DEVELOPMENT PROGRAM 
CONTEXT STATEMENT 

November 21, 1985 

In keeping with the national energy policy goal of fostering an adequate supply of energy at a reasonable cost, the United States 
Department of Energy (DOE) supports a variety of programs to promote a balanced and mixed energy resource system. The mis
sion of the DOE Solar Buildings Research and Development Program is to support this goal, by providing for the development of 
solar technology alternatives for the buildings sector. It is the goal of the program to establish a proven technology base to allow 
industry to develop solar products and designs for buildings which are economically competitive and can contribute significantly to 
building energy supplies nationally. Toward this end, the program sponsors research activities related to increasing the efficiency, 
reducing the cost, and improving the long-term durability of passive and active solar systems for building water and space heating, 
cooling, and daylighting applications. These activities are conducted in four major areas: Advanced Passive Solar Materials 
Research, Collector Technology Research, Cooling Systems Research, and Systems Analysis and Applications Research. 

Advanced Passive Solar Materials Research. This activity area includes work on new aperture materials for controlling solar heat 
gains, and for enhancing the use of daylight for building interior lighting purposes. It also encompasses work on low-cost thermal 
storage materials that have high thermal storage capacity and can be integrated with conventional building elements, and work on 
materials and methods to transport thermal energy efficiently between any building exterior surface and the building interior by 
nonmechanical means. 

Collector Technology Research. This activity area encompasses work on advanced low-to-medium temperature (up to 180 F useful 
operating temperature) flat plate collectors for water and space heating applications, and medium-to-high temperature (up to 400 F 
useful operating temperature) evacuated tube/concentrating collectors for space heating and cooling applications. The focus is on 
design innovations using new materials and fabrication techniques. 

Cooling Systems Research. This activity area involves research on high performance dehumidifiers and chillers that can operate 
efficiently with the variable thermal outputs and delivery temperatures associated with solar collectors. It also includes work on 
advanced passive cooling techniques. 

Systems Analysis and Applications Research. This activity area encompasses experimental testing, analysis, and evaluation of solar 
heating, cooling, and daylighting systems for residential and nonresidential buildings. This involves system integration studies, the 
develop'ment of design and analysis tools, and the establishment of overall cost, performance, and durability targets for various 
technology or system options. 

This report is an account of research conducted in systems analysis and applications concerning building design issues encountered 
in the design, construction and evaluation of twenty-two passive solar buildings in DOE's Nonresidential Experimental Buildings 
Program. 
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PROJECT LOCATION MAP 

\ 

DESIGN OVERVIEW 

Introduction 

The Design Overview describes the most important 
building design issues encountered in the design, 
construction and evaluation of 22 passive solar buildings 
in the U.S. Department of Energyls (DOEls) Non-Residential 
Experimental Buildings Program. The buildings in the 
progran encompass a broad spectnm of bui lding types, 
climate locations. and design strategies as shown in 
the Project Location Map. 

There were three phases in the program: design, 
construction. and performance evaluation. In the design 
phase, project designs were reviewed by a panel of 
technical experts in a series of meetings. The objective 
of the reviews was to ensure that designs effectively 
integrated strategies for passive cooling. lighting and 
heating with each other. with the building, and with the 
auxiliary mechanical and lighting systems. These reviews 
provided valuable feedback to designers from the ear1i.est 
stage in design--when the greatest opportunities exist for 
saving energy--to the final preparation of bid document~. 

The purpose of this overview is to distill the 
experiences of all participants in this phase of the 
program and to identify the common. predominant patterns 
emerging from their design processes. The observations 
and recommendations presented here are intended to aid 
design professionals who have limited experience in the 
application of passive technology in non-residential 
buildings. At the outset of this program in 1979. most 
design professionals. including the 22 progran architects, 
had but limited experience. By the end of the program. 
though. the lessons they learned greatly increased their 
understanding of passive commercial building design, and 

4 .. : 
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it is appropriate to document these for the renefit of 
others. The lessons are troad, applying not only to 
passive technologies in particular, ll.It to 
energy-conscious design in general. 

The contrill.ltors to this overview recognize that 
design methods and procedures are as varied as the 
individuals who make up the professions and the wildings 
they design. There is no single right or universal design 
formula to re followed. Thus, the guidance is troad and 
grouped according to the traditional phases of the design 
process rather than 11 ke a "How-To" !nok to re fo Howed 
step-by-step. Building design lies in the dynamic 
integration of various architectural issues; the overview 
raises these issues and offers guidance on dealing with 
them, guidance supported by !nth the wildings and design 
team experiences of this program. 

Three very !road lessons have come out of this 
program which pervade the entire overview. If the reader 
goes away with any impressions, they should re these: 

Consider energy-conscious design alternatives as 
early as possible in the design process. 

Support all design decisions with thorough 
analysis that addresses wilding efficiency in 
its broadest sense, including economics. 

Think of passive solar design as an 
architectural, mechanical, and electrical 
integration issue, not an "add-on" exercise. 

Energy-conscious design must te viewed in a broad 
context. Building design is a problem-solving activity 
that integrates user needs, owner needs, and other 
requirements such as rui Iding codes. Energy is just one 
aspect of these and is rarely, if ever, the primary focus. 
It must re addressed, however, to achieve a fully 
successful building design. 

5 



SUMMARY OF PASSIVE SOLAR DESIGN GUIDELINES 

The following is a list of the passive solar design guidelines that have emerged from this overview: 

I. General Observations: 

II. Programming and Pre-Design: 

I I I . Schemat ic Des i gn: 

A. For a designer's initial 'projects, good solar 
design will probably take extra time and 
effort. 

B. Good energy-conscious design required more than 
intuition. 

A. Use the architectural and energy progran for 
evaluating design decisions. 

B. Identify the building energy problan early. 

C. Use the "base case" bJilding for evaluating 
design alternatives. 

D. Set the energy ground rules for the design 
tean. 

E. Choose an appropriate design tool. 

A. Choose simple design solutions which address the 
major part s of the energy pro bl em. 

B. Pay close attention to systan integration 
issues. 

C. Choose architectural features that have multiple 
functions. 

D. Develop the potential anenities associated with 
passive solar features. 

6 
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IV. Design Develo~~~~: A. Select a design tool which permits a refinement 
of the schematic solution. 

B. Integrate solar and conventional systems control 
strategies. 

V. Construction Documents: A. Bid documents should serve as a performance 
specification for evaluating product options. 

B. Callout and specify components carefully. 

VI. Construct·ion and Building Acceptance: A. Monitor construction to insure quality. 

B. Consider post-occupancy performance monitoring. 

) 
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Section I: General Observations About Solar Building Design 

A. For a designer's initial projects, good solar de.st~ __ '!!lL~~f)ct~!l take extra time and effort. 

COLORADO MOUNTAIN COLLEGE 
GLENWOOD SPRINGS. COLORADO 

Residential vs. Non-residential 

Computer Analysis 

All of the buildings in the DOE program required 
more effort and resources than typical to sett le on a 
final design solution. Program reporting accounts for a 
large proportion of the additional time. but, even so, 
design of these passive solar buildings took longer than 
usual. In roost cases, the additional time was the result 
of having to "start over" or substantially revise an 
initial design concept. 

Like many of the designers in the program, architect 
Peter Dotrovolny had just such an experience in designing 
the Blake Avenue Center for Colorado Mountain College in 
Glenwood Springs, Colorado. His initial schematic design 
relied on extensive use of direct gain and Trombe wall 
strategies to address a perceived dominant heating 
problem. Following review by a panel of experts and 
analysis by Lawrence Berkeley Laooratory (LBL) 
researchers, however. it was necessary to substantially 
alter the design to address lighting and cooling energy 
which were much roore significant than the design team 
expected. 

There are a number of important lessons to IE taken 
from Dotrovolny's experience. First. and probably 
foremost, is that residential scale solar experience does 
not automatically translate to commercial scale buildings; 
it pays to do an energy analysis in pre-design to make 
sure that one focuses on the predominant energy problem. 

Second is the value of computerized analysis for 
complex buildings. With the computer, iterative 
calculations to test new design strategies of the CMC 
building took minutes to complete. There is also another 
lesson related to reducing design time: while the design team 
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Learning Curve 

tried to do their analysis to a great level of detail 
(including 14 different building zones). the lBl analysis was 
simpl Hied to only five zones without a significant loss of 
analytical detail. Extreme precision was not necessary. 

Finally. there is the painful wt unavoidable 
problem that learning a new sutiject. like learning a new 
building type, takes time and costs money. According to 
Oolrovolny. "Much more of the design time was spent learning 
new information and developing new methodologies. This 
process will not need to be repeated. Also. information 
gathered by observing this wilding will promote development 
of rules-of-thumb to speed and improve design in the future. 
As a result, future passive efforts will tE more refined and 
take much less time." In ·other words. the architect's time 
is likely to lE much more profitable the second time around. 

B. Good energy-conscious design requires more than designer intuition. 

Simple Oesign Tools All designers rely on intuition--it is the stuff that 
prevents design from becoming rote. During the design 
reviews Sarah Harkness, co-founder of The Architects 
Collaoorative. characterized designer intuition as "informed 
experience". Init tally. though. program architects found 
their experience not as "informed" as they would have 
thought. Repeatedly. highly skilled professionals found 
their intuitive grasp of energy problems in a lxJi lding 
off-the-mark when tested by even rudimentary energy analysis 
techniques. 

Upon realizing this. a few of the design teams lEgan to 
modify their desi~n process to start with simple energy 
analysis whose level of detail increased to match the 
increasing level of detail in their designs. One such team 
was Harrison Fraker's Princeton Energy Group which designed 
the Princeton Professional Park speculative office complex. 
Following site analysis. simple pre-design energy analysis 
tools were used to identify the energy problem and to set a 

10 
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pre limi nar y energy target by schemat ic des i gn. These too 1 s 
included roth hand calcul ators and a microcomputer to apply 
several different analysis techniques: Solar load Ratio, a 
thermal network analysis, and the simple bin method deseri ~d 
in the ASHRAE Handrook of fundamentals. None of these simple 
techniques could account for energy effects of complex issues 
such as rui lding mass. 

These early analyses showed that internal heat gain and 
solar loads would probably supply all the lxJilding's heating 
needs during occupied hours. Also, these preliminary 
estimates suggested that a "reasonably" designed solar 
IxJllding could use significantly less energy than the owners 
had come to expect in previous lxJi ldings. 

Based on this analysis and a search of available 
literature, the team developed a number of guidelines for use 
during schematic design: 

Insulation could be used to reduce conductive 
Tosses for heating from 10-25% and for cooling from 
10-20% over conventional design. 

Passive solar heating (in the Princeton area) 
could provide 60,000-90,000 Btus/sq. ft. of 
glass/year or reduce heating loads in the range of 
40-50%. 

Natural ventilation could reduce cooling loads 
10-20%, IxJt only in the spring and fall "swing" 
seasons. 

A roof spray system could cut peak cooling demands 
5-10%. 

lighting loads could be cut 40-50% using efficient 
ball ast and daylight lng strategies. 

11 



Sophisticated Design Tools 

lighting Design Tools 

As the team progressed into design development, they 
found that previously used tools often did not meet their 
needs for answering more specific questions. For example, 
the following design tools were either totally lacking or 
inadequate: 

Simple tools for calculating heating performance 
in ru ild i ngs wi th high i nterna 1 loads (as in many 
commercial-scale rui ldings). 

Tools for estimating annual daylight 
contri rut ions. 

Design tools (and performance data) for assessing 
indirect cooling with evaporative roof sprays. 

Design tools (and performance data) for assessing 
cool1ng ~ natural ventilation. 

lacking available design tools, the team developed 
their own: a 12-node thermal network model for heating 
analysis (including analysis of the underslab rockbed), and 
a 14-node model for cooling analysis of stratification, 
evaporative cooling, and radiative cooling. These dynamic 
models did take into account the effects of thermal mass. 
The team found it sufficiently accurate to calculate average 
monthly performance ~ extrapolating from average daily 
performance using modified degree days and an equivalent base 
temperature for the month. 

Lighting analysis was based on measurements of actual 
light levels in a scale model of the building. From these 
measurements, the team calculated daylighting factors and 
translated them into seasonal performance. This yielded 
auxiliary energy and cost requirements for lighting. 

Obviously. the levels of energy analysis employed by 
the Princeton Energy Group do not apply to all design 
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projects. The point, though, is that analysis is needed to 
make informed choices among energy design options. Energy 
analysis is critical for a team embarking on their first 
energy-conscious design projects where intuit ion wi 11 nnt b:> 
sufficient for good decisionmaking. 

A paktu of (Jpntuu option! 
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DAYLI GHT I t«; 

The promInence of dayllghtlng as a desIgn solutIon to 
energy-effIcIency Is a response to hIgh electricIty costs 
In non-resIdentIal buIldIngs. Measured In Btu's, lIghtIng 
energy may be secondary to heatIng and coolIng, but the 
cost of delIverIng lIght Is two to three tImes greater 
than the cost of delIverIng heated or cooled aIr. 
Furthermore, unlIke In residential buIldIngs, lIghtIng Is 
a major energy use. 

Good dayllghtlng demands that the designer have 
access to a palette of technIques, a vocabulary of 
dayllghtlng strategies whose elements can be refined and 
combIned confIdently with other archItectural elements. 
Oayllghtlng apertures Include: clerestorIes (vertIcal 
glazIng at perImeter walls), roof monItors (vertIcal 
glazIng at InterIor spaces), skylIghts (horizontal 
glazIng), atriums, and conventional windows. DIstrIbutIon 
devices Include Ilghtshelves, diffusing surfaces, and 
baffles. The desIgner must be aware of the dl.ferences 
between dIrect and IndIrect light, north and south light, 
clear and translucent glass, and how these dIfferences 
affect light quantIty, color, and glare over various tImes 
of the day and year. 

14 

Several desIgn prIncIples emerged from the daylIght 
desIgns. VertIcal glazing was found to be generally 
superior to sloped glazIng and defInItely superIor to 
horIzontal glazIng In Internal load-domInated hulldlngs. 
GlazIng sloped towards the sun admItted too much dIrect 
beam lIght and was dIffIcult to shade wIth overhangs, thus 
causIng glare and unwanted heat gaIn. SkylIghts admit 
even more heat gains from the high, summer sun whl Ie 
creating complicatIons for ceilIng plenums and their 
contents. Except for dramatIc lIght at entrances and 
lobbIes, dIffused light Is best, dIffusIon provided by 
eIther walls, ceilIngs, or specIal diffusing grids. The 
Johnson Controls Branch Office used diffusIng walls and 
ceIlIngs, whereas Mt. Airy lIbrary and State Security Bank 
used diffusIng grids. Providing light to core areas was 
best achieved using roof monitors. Distribution to core 
areas Is necessary for good perimeter lighting since even 
lIght dIstributIon across the room reduces bothersome 
brIghtness contr~st caused by a slng'le light aperture. 
Roof monItors fated south wherever there was even a modest 
heatIng load, and worked best usIng dIstrIbution of smal I 
openIngs rather than one large openIng. FInally, light, 
shelves were found to be e~penslve and dId not demonstrate 
greater energy savIngs than dId overhead dayllghtlng 
systems. 
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Section II: Programming and Pre-Design 

A. Use the architectural and energy program for evaluating design decisions. 

Just as an architectural space progran is the basis 
for determining a building's spatial solution, the energy 
progran is also the basis for determining a wilding's 
energy sol ut ion. The program should I:e a performance 
description--not the identification of a particular 
solution--which will tE used to assess design alternatives 
as they are developed. Careful attention to this 
performance descript ion and eval uation criteri a tEfore 
beginning design solutions will allow the designer to 
early identify those alternatives which have the highest 
potent i al for sati sfyi ng roth architectural and energy 
requirements of the building. 

B. Identify the wilding energy problE!llearly. 

There can IE no elegant solution to a mis-stated 
problem. Time spent in the programming phase to correctly 
identify the characteristics of energy use in the building 
is directly related to time saved during the design 
process tEcause the range of alternatives which must be 
explored is narrowed. 

For example. the architect/engineer team must 
establish the nature, timing and quantity of lxJi lding 
energy requirements. How important are heating, cooling 
and lighting energy requirements? In what order? Do 
those requirements occur during occupied or unoccupied 
periods? Does the timing of those energy requirements 
coincide with the availability of solar or other 
environmental resources? Frequently. it is useful to 
establish the non-solar "base case" building for answering 
some of these questions. 

C. Use the -base case- wilding for evaluating design alternatives. 

Analysis of a conventional (non-solar) building 
helps determine the bJilding energy problems ident ified 
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alxlve. A wide variety of alternatives exists for 
establ ishing such a base case llJi lding. Among those used 
by designers in this program were computer modeling of a 
hypothetical llJilding without solar features; comparison 
to a technical reference such as the Building Energy 
Performance Standards (REPS) IlJdget applicable to the 
llJilding type and location; examination of the energy use 
records of similar llJildings in the area; or assessment of 
the last llJi lding developed by the same owner. Whichever 
option is chosen, the otijective is. to identify the 
characteristics of the conventional llJilding which the 
owner otherwise would have llJi It. 

The base case llJi lding can then te analyzed to 
establ ish the energy problem. It can te used to 
quantify the magnitude and timing of heating, cooling and 
lighting energy requirements. Internal heat generators 
such as computers or unusual ventilation requirements. 
such as those for a natatorium or gymnasium are an 
important part of this analysis. The anticipated use 
patterns of the llJilding, including timing and numrer of 
people should te estimated, and the probability of changes 
in these patterns should te assessed. 

In constructing the base case. assume common 
architectural. space conditioning and electrical systems. 
For example. an office llJi lding might make use of envelope 
requirements dictated t.rf prevail ing standards (such as 
ASHRAE 90). a variable air volume mechanical system. and 
lighting and equipment power levels of 2-1/2 to 3 watts 
per square foot. 

It is important to distinguish iITIong three commonly. 
IlJt incorrectly interchanged terms in making this 
analysis: 

loads - These are the net heating, cooling and 
TlgfiIing quantities which must re met t.rf the building 
mechan i ca 1 and e I ectri c equi pment . Trad i tiona 11 y, 

17 
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loads have tEen used for equipment sizing purposes. 
They are not very useful for energy decision making. 

EnerfiY Consumption - This is the non-renewable energy 
whic must Ie purchased from ut 11 it i es and supp 11 ed 
to the mechanical and electrical equipment to meet 
the loads. Since mechanical and electrical equipment 
operate with different efficiencies. their energy 
consumption may vary significantly from the loads. 

Energy Cost - This is the price paid to utilities, 
including demand charges where appl icable for 
supplying energy to the building. Since the costs of 
different fuels vary significantly, the proportions 
of the energy pro bl em as seen from the perspect i ve of 
"energy cost" may ~ quite different from that seen 
from the perspect ive of "energy consumpt ion". 

Dist inction among "loads", "energy use" and "energy 
cost" is fundamental to correct decisionmaking in 
developing an energy-responsive building. Under most 
circumstances, the energy cost will ~ the roost useful 
basis on which to make decisions. For example, what is 
the economic result of reducing the amount of electricity 
which must ~ purchased for 1x.t1lding lighting? Similarly, 
what is the value of an equivalent reduction in wilding 
heat i ng requ 1 rement s? The des i gners in th i s progr am 
frequently found that the solution which was roost 
appropriate for reducing loads or energy consumption was 
much different than that for reducing energy cost. 

D. Set the energy g,"-ound rules for the design team. 

Energy ground rules are the agreements among the 
client and design team mem~rs which describe their common 
oQjectives and identify assumptions that will underlie 
design decisions. 

18 



The Oesign Team 

PASSIVE COOllt{; 

Three strategies dominated In the 
designing of these buildings for low cooling 
energy. The first was the avoidance of heat 
gains using shading and landscaping. Use of 
exterior shades (Security Stat. Bank, 
Colorado Mountain College) and overhangs (Nt. 
Airy) were the most direct approach. 
Interior shading using blinds and 
Ilghtshelves Is less effective. The second 
was natural venti latlon/nlght flushing. Air 
flows must be direct; convoluted paths that 
wind through a building are a deSigner's 
fantasy. Also, It Is difficult to combine 
natural ventilation with window shading If 
closing the shades reduces air flow. Third, 
well-controlled dayllghtlng will reduce 
cooling since, lumen for lumen, daylight 
generates less heat than does artificial 
light. The designer's objective Is to admit 
modest amounts of light distributed over' 
large areas. Excessive light will generate 
excessive heat gains and poor distribution 
will require more artificial light In 
Interior areas than necessary, also 
generating heat. This objective was best met 
In the Nt. Airy Public library, St. Nary's 
Gymnasium, Princeton Professional Park, and 
the State Security Bank. 

The architect. as progral1ll1er. will IOOSt easily gain 
! 'Ie support and cooperation of design team mem rers if he 
j-lvolves them at the earl iest stage possi ble. 
furthermore. -the sett ing of energy ground rules demands 
involvement of the client and all the disciplines: 
architectural. mechanical. electrical. structural, and 
preferably the principals representing each discipline. 
Although this may apply to conventional buildings in 
general, a solar hJilding requires a design team which is 
more diverse and more specialized than that of a 
conventional building. Hence. the involvement of top 
management at this early stage is important to avert 
assumptions which may lead to expensive re-designing. 

An example of an energy ground rule could IE "To 
achieve cooling comfort, passive means shall re considered 
refore mechanical means." Suppose that AlE principals are 
ignorant of (or even disagree with) this requirement. 
Furthermore, suppose the architectural design relies on 
operable. southwest-facing windows to catch sUl1ll1er 
treezes. If the mechanical consultant simultaneously 
designs for minimal infi ltrat ion and the electrical 
consultant specifies circuitry to handle maximum KW 
chi ller load and the owner requires windows closed for· 
security purposes at night. the bui lding wi 11 meet 
nobody's expect ions with regard to minimum energy 
consumpt ion. . 

On the other hand. the IOOSt smoothly produced 
buildings in the program included those where maximum 
agreement was reached in the teginning, or where one 
organization performed many functions. At Johnson 
Controls. the owner was also the architect. the engineer. 
the control system deSigner, the control system installer, 
and the user of the hJilding. Coordination and start-up 
problems were held to a minimum. In the case of the 
Solganic Greenhouse. the owner was also the energy 
conSUltant. general contractor. and user of the building. 
In the other projects. close involvement of disciplines 
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Energy Otijectives: Cost Reduction 

Intangible Energy Otijecthes 

approximated these ideal circumstances better than did 
disjointed conrnunicat ion and bel ated agreement. 

The overwhelming otiject lve among the program 
participants was to reduce energy costs. A corollary 
otijective was to insulate the wilding owner from energy 
cost uncertainties since rising costs which fluctuate are 
unnerving and make cash flow projections difficult for the 
owner who operates on a narrow margin. It is not 
surprising that the designer of the Conrnunity United 
Methodist Church said, "Building owners want solar because 
they want low energy bills;" natural gas costs rose 70 
percent during 1982 in his area and electricity costs even 
more. Of course, other otijectives do exist which are 
discussed below. 

The wilding owner may express a desire to ~rk 
toward certain societal goals related to a sustainable 
energy resource or to an energy conservat i ve planet. The 
architect of the Girl Scouts' Center said. "Using the 
natural energies was among the [Building Task Force's] 
earliest thoughts. Their motives are philosophical and 
educational. l:ut also include the pragmatic concern for 
minimizing operating expenses." This philosophic 
conrnitment sought to create a special wilding at Shelly 
Ridge which would demonstrate a sensitivity towards 
nature and natural resources reflecting the Girl Scouts' 
longstanding conrnitment to such issues and to their role 
as an educ ator of the youth who are expected to exper i ence 
a future of limited non-renewable energy supplies. 
(Ironically, the sol ar aspects fulfi lled another more 
tangible otijective by serving as a positive selling point 
in the fundraising campaign.) 

Solar energy as a visi ble syml:nl was another conrnon 
otijective, presenting an interesting aesthetic problen to 
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Financial Energy Olijecttves 

the designer. Faculty at the Princeton School of 
Architecture and Urban Planning said that the primary 
asset of their sol ar retrofit was that it serve as an 
educational tool showing the students a concern for our 
energy resources which would be increasingly important 
during their professional careers. The Community United 
Methodist Church pastor explained that, "The use of solar 
energy is a visible sign to the community concerning the 
stewardship of natural resources and the concern of the 
church for these resources." Princeton Profess ional 
Parkls developer felt that the passive solar aspects might 
speed the necessary zoning approvals by making the project 
appear beni gn and, therefore, pal at a ble to surrounding 
homeowners. 

So 1 ar energy in the form of sun li ght for heat and 
and landscaping for cooling Iring nature to the building 
occupants, an otijective symrolizing health and wellbeing. 
Clear gl ass gives views of blue sky and operable windows 
admit fresh air, thereby improving the quality of the 
wilding environment. Gunnison Airport owners consciously 
wanted a natural atmosphere in their rui lding which is a 
gateway for outdoors-oriented tourists. The owner of 
Kieffer Store even went so far as to suggest increased 
rent for solar amenities. Even if higher rent is not 
earned, these amenities tring with them other financial 
benefits. According to its designer, the clerestories at 
Princeton Professional Park "serve as an architectural 
amenity which gives the developer an intangible marketing 
edge over the competition for leasing space. 11 Simply put, 
the energy savings pay for architectural features with 
environmental benefits which then lEcome useful marketing 
tools. 

Solar energy can serve as a financial investment, an 
otUective which requires the designer to weigh costs 
against lEnefits. In this program, this otijective applied 
to roth profit and non-profit owners who were expl icit in 
their desire to maximize the return on their investment. 
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Flext bil tty 

The owners of Comal County Mental Health Center and 
Princeton Professional Park earmarked particular lxJilding 
funds for energy improvements. In the first case, a 
non-profit organization, the fund comprised donations; in 
the second, a private development, the fund was raised 
from investors. In roth cases, however, owners used the 
funds as a discrete investment whose return would have to 
match alternative investment instruments. 

Bes ides sett ing energy oliject i ves, the des i gn team 
should resolve those olijectives that compete. Two 
olijectives whose conflict is peculiar to low-energy 
OOilding are energy savings and flexibility: flexibility 
in space planning. thermal comfort, lighting quality, and 
OOilding schedule. 

The process of optimizing energy performance requires 
the designer to make assumptions arout the expected 
OOi lding use and operation in order to project energy use. 
Some of these assumptions have room for change; others do 
not without compromising energy performance. When the 
actual OOi lding occupant behavior devi ates from these 
assumptions, energy performance may not meet expectations; 
therefore, the architect who designs for such change 
usually must settle for increased energy consumption. 
Thus at the outset, the design team must settle issues 
such as whether atriums will re strictly used as such for 
circulation and therefore can tolerate more extreme 
temperatures, whether meeting rooms will never have to 
acconmodate slide presentat ions and therefore can te 
daylighted, and whether schools will always re used during 
the dayt ime, thereby minimizing the need for thermal 
storage. 

At times. ba lanc i ng these goals recomes a key des i gn 
issue. Princeton Professional Park was designed for the 
speculative office tenant. Consequently, the duration and 
magnitude of internal loads were unknown. A variety of 
tenant requi rements had to te planned for. there by 
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complicating the desiqn process, since most of the 
strategies examined met some requirements but not others. 

The Blake Avenue College Center expected primarily 
early evening use five days a week. The atrium was to be 
used as a transitional, circulation space only and 
therefore allowed to float in temperature. After the 
lxJi lding was opened, however, faculty and students used it 
extensively and adopted the atrium space roth day and 
night as their central gathering place. Consequently, the 
owner decided to condition the space to the same comfort 
levels as the rest of the wilding and extended the 
operating hours earlier in the morning as well as later 
into the evening. 

At the Gunnison Airport, a loft space which was 
designed as an overflow passenger lounge was converted 
into the home office of a small airline. The unplanned 
heat loads from the several CRTs and the host computer 
raised temperatures higher than were comfortable. Rather 
than increasing air conditioning capacity, though, the 
owner simply replaced fixed windows with operable ones. 

The Comal County Mental Health Center was programmed 
for a five day work week. But soon after completion, the 
administration sublet space to a church group that uses 
t~e wilding on weekday evenings and weekends. The 
i'ncreased energy use was understandable, but the center 
may have missed the opportunity to justify even more solar 
measures than originally incorporated since higher use 
creates greater potential savings. 

The program arounds with examples of changed use and 
instances where reasona ble assumpt ions were not tnrne out. 
The local community rooked Alaska's Two Rivers School so 
extensively in the evenings that the janitor had to change 
his work schedule to after midnight, thereby frustrating 
ni ght set back. Mt. Airy Li trary staff decided to open 
earl ier because of the wi lding's increased popularity. 
However, the wi 1 ding's thermal mas s was sized for 1 at er 

23 

... \ ... ~.,,' 



User Control 

occupancy. thereby requiring more purchased energy to warm 
the building even during daylight hours. The Essex Dorsey 
Senior Center incorporated a Trombe wall that was to ~ 
shaded during the warm months of the year. However, the 
occupants demand such high temperatures that they prefer 
to leave the Trombe walls unshaded even during the summer 
to enjoy the radiant heat. The designer of the Princeton 
Professional Park assumed that tenants would select 
energy-conserving options rather than pay for higher 
energy use. The tenants, however, write off their energy 
costs as a business expense; equipment depreciation is 
available only to the building owner. Thus, a number of 
tenants selected the conventional option of dropped 
ceilings with recessed fluorescent troffers over 
the daylighting option. 

The lesson to ~ learned from these occupancy issues 
Is that it is difficult to predict the user's behavior 
patterns and therefore, the designer must consider a range 
of operating conditions when making assumptions leading to 
energy performance. If flexi btllty and energy performance 
are inversely related, the deSign team must decide upon an 
appropriate compromise. This will then dictate to the 
designer the performance required of the solar thermal and 
lighting systems. 

The dependability of the user to operate the solar 
building correctly is another issue that must ~ agreed 
upon by the design team. At some point, the designer of 
every building must decide the degree to which its 
occupants and operator will have to flip switches, adjust 
sett ings, and rep] ace expendable parts such as fi lters in 
order that the but 1ding function properly. The extremes 
are very close manual control on one hand and total 
automation on the other. The trade-offs are like that of 
a manual versus automatic transmission in an automobile: 
close control, low cost, but the requirement of an 
experienced, dependable driver versus higher cost, 
automatic operation, but potential Ireakdowns and 
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maintenance problems. Thus, the design team must settle 
issues such as: Should the users have to open and 
close windows according to a daily and seasonal schedule? 
Should occupants be responsible for turning on and off 
electric lights in the presence of varying daylight? What 
about controlling air movement with ceiling fans? 
Resolutions of these issues are made even more elusive by 
the non-residential aspects of the occupancy; occupants 
are unpredictable When it comes to operating the building 
if they are not the owners paying the utility bills. 

These issues require careful consideration since 
controversy surrounds the appropriate level of control. 
Many mechanical engineers recomnend against operable. 
windows, saying that users who open them will be 
conditioning the great outdoors. Even When maintenance 
personnel are available to operate the txJilding, one 
cannot assume they will readily accept that 
responsibility. Gunnison County Airport employed a 
full-time maintenance man to manipulate systems for the 
transient users. Upon his realizing, however, that these 
tasks included closing doors, adjusting thermostats, and 
performing other functions he felt people should do for 
themselves, manual versus automatic control took on a 
different meaning. 

Several problems can result from an inappropriate 
degree of user control. The occupants may misuse a system 
they do not understand. The Essex Dorsey Senior Center 
provided a winter/sumner switch in each suite to control 
the Trombe wall night insulation. The users who were not 
trained properly assumed that the switch turned on the 
passive solar heat. The confusion was exacerbated since 
the twelve hour thermal lag did not clue the users that 
the system was responding to their action. 

It is also a mistake to deny the occupant any control 
at all. St. Mary's Gymnasium anployed a time clock 
controlled lighting system which had to be overridden 
frequent ly by comnunity basket ball team members pl aying 
after-hours. In another example, employees of the 
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Security State Bank felt the need for more outside air in 
their tightly constructed building. Their solution was to 
circumvent automatic control by normally opening the air 
handler's outside air dampers even during the winter 
months. 

In spite of these complexities, the program did 
produce a guideline useful in overcoming them: with 
proper design and an understanding of b.lilding users' 
behavior. manual controls can be sufficient. 
Specifically, if users are a small, easily educated staff, 
centralized, manual controls are sufficient. But if users 
are transient. indifferent, or uneducated aoout how to 
control their environment, it is best to specify automatic 
controls. 

The final ground rule to I:e establ ished rel ates to 
construction quality. Specifically. the design team 
should anticipate how much the wilder wi 11 know aoout 
solar construction. If the architect can depend on a 
contractor who is experienced in, ~ay, earth-integrated 
construction. he will not hesitate to consider this option 
and will develop his construction documents to the 
appropriate level, assuming his contractor knows the 
implications of proper waterproofing and structural 
design. Generally. if the contractor is not expected to 
understand the system. then specifications must be tight 
a~d construction closely supervised to assure job quality. 
On the other hand if the contractor knows passive solar 
construction. he may provide an unanticipated quality of 
construction or even suggest effective, lower cost 
alternatives for critical subsystems. As an illustration. 
it was the contractor of the St. Mary's Gymnasium who 
encouraged the idea of a two-story Trombe wall of precast 
concrete tees rolted to a steel frame. The system was 
faster to erect. and provided a thermal capacitance which 
varied according to thicknesses avai 1 able. 
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E. Choose an approprJate de~!gn tooL 

Identification of construction cost goals and the 
wdgetary allowance for passive solar techniques should 00 
established from the onset. If minimizing construction 
costs is a paramount concern. then the possibility that 
construction ~rkers with lower skill levels will 00 
employed should 00 recognized and the design developed 
accordingly. Under these conditions. complex passive 
solutions requiring considerable care during construction 
should 00 avoided in favor of simple solutions with a 
lower margin for construction error. The plans for 
Princeton Professional Park specified a contractor-wilt 
HVAC control system which had 11 different modes of 
operation. The system was designed. tested. rejected. 
redesigned over wdget. and finally redesigned and 
installed by another sutx:ontractor. incurring a 15 month 
delay in the installation of the system. In other 
projects. motorized insulating curtains caused similar 
difficult ies. 

Even oofore schematic design. it is necessary to 
choose and use a design tool. At. first this may seem 
pecul iar. but if the performance of the base case 
discussed earl ier is to 00 quantified. it must 00 
established using the design tool chosen for subsequent 
iterations in the design process. 

The Building Design Tool Council. a national 
consortium of building designers formed to provide 
guidance for energy design tool research. defines design 
tools as "any device which assists in the formulation 
and/or evaluation of energy efficient strategies for new 
or existing buildings. 1I This troad definition comprises a 
numoor of procedures varying in accuracy. cost. and ease 
of use. including worktnoks. nomographs. calculator 
routines. physical models. microcomputer software. and 
mainframe computer programs. The problem for the solar 
wi lding designer is to choose the dght tool for his 
needs. 
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Organized and Clear 

Designers participating in the Non-Residential 
Experimental Buildings Program learned quickly which tools 
were appropriate. The ~st tools at early design stages 
were those that accepted simple input. A tool that 
requires mechanical equipment part-load curves is often 
too cumbersome for pre-design and schematic design. 
Consequently, the design tool should incorporate 
reasonable default values if it doesn't require detailed 
input. For example, if an hour-by-hour tlJllding operating 
schedule 1s not required for simulating an office 
building, the design tool should assume an 8 to 5 schedule 
five days per week, not the 24 hour occupancy that 
characterizes a residence. 

The design tool should ~ able to return results 
quickly. Output that takes more than several hours to 
generate interrupts the designer's work rhythm and 
concentrat ion. Thus, m.icrocomputer software, nomographs, 
and simple formulas are more dynamic than physical models 
and mainframe programs (which can ~ used later during 
design development to make refinements). Many program 
designers used a program called Energy Graphics, a series 
of quick calculations whose output was in graphic form, to 
generate quick feedback. Others used hand-held calcul ator 
programs available at the time such as TEANET, PASOLE, and 
PEGFIX. 

Output should also display results in a simple, 
organized fashion that makes subsequent design directions 
ob¥ious. Reams of computer output or tables predicting 
the performance of each pump and fan require that the 
designer spend time reducing output to a usable form. 
Graphic output is most eas ily grapsed, and wi 11 readily 
indicate where and when peak loads exist. 
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Integrated 

PHYS I CAL I«lOElS 

The best design tool for assessing the 
quantity and quality of light Is a physical 
model. light performs In models exactly as 
It does In full-sized environments, provided 
the architectural surfaces and details are 
accurately replicated. These details Include 
the scale and geometry of spatial elements, 
window openings, texture, reflectivity, 
transparency, and opacity of key finishes. 
Color Is Important Insofar as reflective 
properties are concerned. Transmission 
properties of glazing can be simulated, or 
described by numerical factors If the 
openings In the model are left uncovered. 

The scale used for dayllghtlng models 
can range from 3/4 Inch. 1 foot, suitable 
for the study of single rooms, to 3/8 Inch. 
1 foot, generally suitable for larger 
configurations. Smaller .o4els are difficult 
to detail and therefore are not recommended 
for room studies, although they may be 
appropriate for very large spaces. 

Use of models In the design of the State 
Security Bank resulted In dramatic design 
changes. It showed that In the early 
designs, uniformity of light needed to be 
Increased (by adding sldellghtlngl, that view 
was desirable, that the available daylight 
was overestimated. It told the designers 
that neither a fixed nor an operable 
shading/baffle system was best, but that a 
combination was optimum. Finally, the 
dayllghtlng system could provide not only 
ambient light but the majority of task 
lighting as well. 

/ 

Finally, the design tool should be comprehensive, 
integrating the various energy end uses. Output which 
tells the designer that his clerestory reduces artificial 
lighting needs by 30% but neglects the effects on heating 
and cooling leaves him more work since he still must 
calculate these effects. In 1981, most designers in the 
program used physical daylighting models to determine the 
quantity and quality of light. There were no quick 
programs to measure heating and cooling interaction, so 
mainframe programs (BlASl, TRACE, TRNSYS) were used to do 
this later. 

The best design tools were described by one design 
tecJll as those that "produced rapid energy snapshots of the 
project as it took shape on the des i gner I s desk. II Such 
tools led to design changes that, if postponed to design 
development, could not be easily incorporated. The 
designers of the Wells State Security Bank switched from a 
high mass to a low mass structure due to design tool 
feedback. The designers of Walker Fi eld Termi nal Bui ldi ng 
in Grand Junction, Colorado, dispensed with nighttime 
thermal storage once their output showed nighttime 
building loads lower than anticipated. If these 
developments had occurred later in the design process, the 
major structural changes WGuld have been more difficult to 
make. 

H 
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INTERIOR LIGHT lEVELS 
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SECTION III: SCHEMATIC DESIGN 

A. Choose simple design solutions which address the major ~~!~of~~_en~~roblem. 

1IlOOJ5IC1001-_1'8I 

DAYLIGHT ROOF MONITORS 
MT AIRY PUBLIC LIBRARY 

By examining the energy prob16ll and avail able 
environmental resources identified during the programming 
phase. a basic palette of solutions can ~ identified. In 
this idea generation stage, focus on those solutions which 
appear to offer the best answer to the com bi ned 
architectural and energy requirements of the project. 
When an element of the bJilding can ~ used to satisfy 
multiple functions. economy. and overall bJilding quality 
are improved. The solutions identified for development 
should ~ simple. realistic alternatives \\tIich avoid 
overly complex control requirements or which depend 
extensively on the actions of occupants for their 
success. 

In this program. many different approaches were taken 
to arrive at schematic design solutions. In Princeton 
Professional Park. a medical office building. circulation 
requirements suggested a double-loaded corridor 
arrangement. This led to the development of a basic 
bJilding cross-section which used the circulation space as 
a 'solar atrium. In the Security State Bank. simple 
physical models were used to explore alternate bJilding 
forms that incorporated daylighting without aggravating 
heating and cooling loads. In the Mt. Airy li frary. 
daylighting roof monitors which had ~en successfully used 
on a previous project were adapted to the requirements of 
this project. 
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The design alternatives should IE carefully evaluated 
using either simple calculation techniques or quickly 
constructed physical models to gain an understanding of 
the relative success of the alternatives. Unless the 
project requirements are very unusual or complex. avoid 
the use of analytical techniques which require extensive. 
sophisticated inputs. or which are costly to use. At this 
stage in the design, the otdective is to IE sure that the 
potential design solutions meet the otdectives established 
during the programming phase. Precise quantitative 
results are not as important at this stage as general 
indication of the energy results. 

B. Pay close attention to system integratton tssues. 

Perhaps the easiest and most likely way to get in 
trouble with energy-conscio~s design is to consider 
individual system performance in isolation. All design 
strategies have implications for other building systems 
and functions. This Is especially true for passive. 
conventional HVAC t and lighting systems. Every building 
in the program was faced with the issue. 

The St. Mary's School addition in Alexandria. 
Virginia provides just one example of the attention 
required to address the complexity of interacting building 
elements. The successful operation of the entire heating 
system involves the simultaneous interaction of the Trombe 
walls, the two linear roof apertures. the thermal storage 
mass contained in the floor slab and walls, and the 
mechanical system. Interior and exterior awning windows 
are provide for the various heating and cooling modes. 
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In the heating mode. solar apertures collect energy 
during the day which is stored in the building mass or 
allowed to stratify at the ceiling. Heating units turn on 
only when pre-heated air at the ceiling is unavailable. 
In the summer. ventilation air is pulled from the north 
side over the g~ floor with the natural convection cycle 
induced by the rising hot air in the Trombe wall cavities. 
Roof fans assist the venting of warm air to the outside. 
When mechanical refrigeration is necessary (for assemblies 
of over 20 people only, according to the designers), 
interior and exterior awnings and windows are readjusted 
to check the natural convection cycle. 

It is apparent from the aoove description that 
systems integration must receive close attention from the 
start. and that integration issues are not limited to 
mechanical systems. A given passive solar strategy can 
potent i ally affect virtually all wilding systems and 
funct ions from structure (massive vs. light frame) to 
finish (color. texture). A highly effective daylight 
aperture can become just another source of glare if 
surface contrasts are incompatible. The designer must 
think through all implications so that final decisions 
do not IEcome future pro bl ems. 
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SOLAR SPACES AS FUNCTIONING ELEMENTS 

Solar spaces such as atriums and 
"greenhouses"'work best If they serye another 
Important function. Not only do sunspaces 
add Interest, but become more cost-effective 
If their benefits Include .are than energy 
reductions. For example, the RPI Visitors 
Information Center and Colorado Mountain 
College use sunspaces not only as solar 
collectors, but also as organizing 
circulation elements. Persons enter Into 
dramatic spaces Illuminated by direct be .. 
sunlight creating light and shadow that 
change over the day. Princeton Professional 
Park 15 organized around a light and 
heat-collecting spine that transforms what 
might have been a banal corridor Into a 
tree-lined walkway which Is a major seiling 
point tor potential oft Ice tenants. Though 
amenities such as generous circulation or 
atmosphere cannot be easily assigned a dollar 
value, their practical and aesthetic benefits 
may be the difference that makes or breaks 
passive solar. 

Often. the only way to economically justify passive 
solar features in a tlJilding design is to use them for several 
energy and/or physical functions. Fraker's Princeton 
Professional Park design provides a clear example of this 
strategy. 

According to architect Fraker. the speculative office 
building developer's cost constraints meant that from the 
reginn1ng only simple solutions \ttOuld re investigated. "There 
just wasn't roan 1n the budget for anything fancy 1 ike ice 
ponds and photovoltaics." Fraker observed. "We had to focus 
on simple things we could do to either the form or the 
envelope. Our .other principal discovery," Fraker explained. 
"1s that the more applications we could find for one basic 
concept. the more cost-effective the concept became. Take our 
idea for an atrium. If we used it only as expensive 
circulation space. it was certain to get rejected. However. 
if we 1ncluded it as part of the light 1ng scheme and part of 
the heat ing and cooling systems as well. the cost was a lot 
more justifiable." 

D. Develop the potent talC111entttes associated wtth passive solar features. 

~ 

Some aspects of certain passive solar strategies can be 
viewed as either liabilities or attributes. High ceilings and 
extra glazing can just re expensive or they can become valued 
features in a tlJilding. depending on how they are treated. The 
award-winning* Shelly Ridge Girl Scout Center in Philadelphia, 
Pennsylvania is an excellent example of the thorough refinement 
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of passive features into otwious bJilding cJllenities. The designer 
designer was able to transform a mundane Tromre wall into an 
undulating bJilding element which created an interesting 
progression of spaces, heightening the senses of entry and 
arrival. 

The solar wall, the dominant energy feature of the Center, 
received a great deal of analytical attention and underwent quite 
a few design revisions. The first variation of the basic sprung 
from a desire to integrate the building the entrance with the 
passive solar elements. The logical entrance to the bJilding 
would ~ fran the northeast or northwest, but a visitor entering 
from that direction ~uld not ~ exposed to or involved with the 
solar wall. The design solution to that problem involved treaking 
the solar wall to permit an entrance sequence that trings the 
visitor through the solar space. The entrance sequence would help 
the visitor experience and understand the solar design as well as 
enjoy the scenic views to the south. A refinement of that concept 
produced a meandering sol ar wall that maintained the bJi lding' s 
compact external surface area. and trought the heat ing element 
closer to the north walls for ~tter heat distribution. 

DESIGN REVISIONS 

SHEllY RIDGE GIRL SCOUT CENTER 
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SECTION IV: DESIGN DEVELOPMENT 

A. Select a design tool which penmits refinement of the schematic solution. 

THEff4AL MASS 

Both high mass and low .ass buildings 
work wall, but each .ust be examined 
carefully with respect to cllmata and 
building use. High mass buildings work 
well: 

1. Where there 15 extend ad avanlng and 
weak end use, (Nt. Airy Library, Sha"y 
Ridge Girl Scout Centar.. Such schedules 
can than take advantage of stored heat. 

2. In sunny cllmatas (Mt. Airy •• Solar 
enargy then can charge the mass. 

3. With high cooling load (Mt. Airy, 
Community United Methodist Church, Coma I 
County Mental Haalth Centar.. High mass 
absorbs haat gains. 

Low mass buildings work wall: 

I. Whara building hours f.ollow typical 40 
hour/week schedules (State Bank, 
Princeton Professional Park.. In other 
buildings, night and weekend setback may 
contribute higher savings than does 
tharmal mass, which dampens setback 
temparature savings. In general, setback 
Is difficult In high mass buildings 
because the heating systems must recharge 
the mass before the buildings open. 
Occupants feel cold with cold walls and 
floors even though the air temperature Is 
sufficiently high. 

One of the otUectives during the design development 
phase is to size components of both the conventional and 
solar systems for the building. This makes determinat ion 
of the rate, quantity, and quality of energy flow 
important. For example, the Tromte walt may have stored a 
certain quant ity of energy, oot the rate at .tIich that 
energy may te distri buted and the temperature (or qual ity) 
of that heat are an important determinant in maintaining 
thermal comfort. More sophisticated analytical techniques 
which are capable of addressing these questions are now 
appropr i ate. 

An examination of the potential for overheating, 
overcoo I ing, or over light ing spaces should al so te made at 
this stage. Such fine-tuning can often te achieved by 
properly sizing building components. For example, on the 
Mt. Airy li frary, large quantities of concrete were 
exposed on the interior of the building to provide thermal 
mass .tIich \'tOuld store heat and moderate internal 
temperature swings. Thus, the bui lding does not overheat 
during warm afternoons, but some comfort problems have 
been reported on cold winter mornings because the thermal 
mass cannot te heated qui ck I y, after the mass has coo led 
off at night. Give consideration to the overall result of 
sizing a particular element so that the solution to one 
problem (such as overheating) does not create another 
(such as sluggish morning warmup). 
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2. In cloudy climates (State Bank, Alaska 
Two Rivers School). Solar energy should 
~et the Instantaneous heating load 
before being stored In thermal mass. 
Thus, with limited solar energy, storage 
becomes less Important. 

}. High volume buildings (St. Mary's 
Gymnasium, Philadelphia Municipal Auto 
Shop). High ceilings can be used to 
collect excess heat which can then be 
vented, thus minimizing cooling loads, or 
ducted to floor level, thus .Inlmlzing 
heating loads. 

B. Integrate solar and_cQnventtonal systE!l\1s_ control str~~e~tes. 

Whether the sequencing of building operations depends 
on manual or automated control approaches. the integration 
of the various elements must te carefully considered .. For 
example, if large amounts of thermal mass are incorporated 
in the building, consider minimizing night setback 
temperature strategies which may make it difficult to 
achieve theimal comfort quickly during cold mornings. 

If daylighttng is an important element of the deSign 
solution, consider carefully the way in which artificial 
lights willi te controlled. Manual control of the 
artifical lights can te effective if a small group of 
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LIGHTING CONTROL ANALYSIS 
MT AIRY PUBLIC LIBRARY 

highly motivated users retains control. In fact, in some 
buildings in this program, manual control of lthe 
artificial lights proved to I:e more effective than 
automated dimming or switching devices would have l:een. 

Try to avoid control operat ions ....tIich are 
counterintuitive to the occupants. For example, while 
closing fireplace doors may limit flue losses, it is not a 
natural response by people who wish to experience the 
fire's warmth . 

The control sequences ~ich are selected should I:e 
carefully documented for inclusion in the building 
operating manual. Be sure to specify the signals which 
are expected to lead to specHc act ions on the part of 
bui ld ing occupants, and explain those control sequences in 
clear. concise terms. Try to avoid control schemes which 
may confl ict with each other. For example, Essex Dorsey 
made use of insulating panels to control heat loss which, 
unfortunately, restricted the amount of natural light. 
Similarly, blinds opened for solar gain cannot I:e expected 
to shield occupants from glare . 

Finally, consider increasing temperature control 
tolerances in room and equipment thermostats. Since 
conventional heating systems address comfort requirements 
by short-term inputs of a large quantity of high 
temperature heat, excessive short-cycling to maintain 
tight temperature ranges can depreciate the slow steady 
heat avai lable from passive elements. 
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Section V: Construction Documents 

A. Bid documents should serve as a performance specification for evaluating product options. 

Although plans and specifications may re tight, this 
does not mean that specific products should re called out 
in all instances. Such a prescriptive approach denies the 
contractor the leeway for maximum performance at minimum 
cost. Much more appropriate is a tight specification that 
spells out exactly how well the system is to function. An 
example would re, "Thermostats shall provide temperature 
control within a 2°f thrott 1 ing range and accommodate tnth 
heating and cooling functions with an adjustable dead band 
of a·f." When this performance criterion was initially 
omitted from the Gunnison Airport and Blake Avenue College 
Center specifications, single point thermostats were 
installed in swing spaces where energy savings depended on 
the diurnal temperature swings. 

B. Callout and ~pectfy components carefully. 

Conventional Versus Solar Most hJilding contractors wi 11 assume convent ional 
building practice unless told otherwise, and then the'y 
still tend to do what they are accustomed to doing. At 
Gunnison Airport, the electrician wired the exhaust fan to 
the Ini ler circuit recause it was the most convenient 
circuit available. As a result, the exhaust fan would not 
operate in the summer when the tni ler had to re shut down 
at the main treaker. The designer of Princeton 
Professional Park failed to specify how foil-faced batts 
would re installed between roof joists. The contractor, 
accustomed primarily to alnve-ceiling installation, did 
not tape the joints. The water vapor which passed through 
condensed on the metal deck and dripped back into the 
conditioned space. 
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Altering Equipment 

Test and Balance 

E 

The designer should caution the contractor not to 
alter conventional mechanical equipment to fit solar 
control specifications. In Mt. Airy Utrary and Princeton. 
Professional Park. the designers originally intended to 
optimize wilding performance bV opening the heat pump and 
monitoring the position of certain valves. Upon learning 
that this would invalidate the equipment warranties, they 
changed to a strategy of monitoring interior air 
temperature as an indication of heating and cooling energy 
use. 

Although the testing and balancing of mechanical 
systems is usually specified for commercial-scale 
buildings. it is even more important when they rely on 
passive solar systems. For example, when mechanical 
cooling is introduced'into a building to supplement 
natural ventilation. the fans either reinforce or fight 
natural air flows. The competent designer will design for 
the former, of course. but testing and balancing wi 11 
ensure that his design intentions are indeed realized. 

For example, at Mt. Airy U frary, zones which are 
lower in elevation require more heat and less cooling 
since air stratifies according to temperature .. The exact 
quantities are difficult to establish during design, and 
so adjustments must re·made during test and balance. 

Other systems resides the HVAC system may need 
fine-tuning; the designer should anticipate and provide 
for this. Automatic passive solar controls for night 
insulation. shading devices, and fans are cases in point. 
Before the testing and balancing. the photocell-controlled 
awnings in the State Security Bank opened and closed every 
few minutes due to short cycling. Although this is not 
easily quantified during design, a good test and balance 
would make the necessary refinements. 
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Trou bl eshoot i n9 

Training 

• 

It is a fine line that separates testing and 
balancing from troubleshooting start-up problems; one 
activity often flows into the other. The latter usually 
extends into the Ireak-in period for a new bui lding, a 
duration of up to a year after the bJilding is turned over 
to the owner. Difficulties during this time can ~ 
minimized if the designers specify sufficient ports for 
measuring fluids and thermometers for checking critical 
temperatures. Clear labels for switches, valves, and flow 
directions are also helpful, as are subneters for systems 
where problems leading to excessive energy consumption may 
lurk. For example, at Comal County Mental Health Center, 
all mechanical systems appeared to te operating properly 
inmedi ately after install at ion. Each furnace put out its 
rated capacity when individually fired. But during the 
first heating season, the utility meter showed far less 
gas consumption than suggested by a run-time meter 
. r 'I :, : I : ." :. I ~" " : T~ •. 

technical monitor hypothesized that perhaps something was 
limiting natural gas flow to the burners. Indeed, when 
the owner checked the gas piping against the drawings, he 
found the diameter less than half that specified in the 
drawings. This, of course, results in a combustion that 
is too lean, and leads to a decrease in combustion 
efficiency. In at least five other projects, such 
subnetering led to the resolution of initial start-up. 
difficulties early after they were detected. 

Specifying training of bJilding personnel is also' 
standard practice in non-resident i al bui ldings, but must 
be specified more explicitly when energy performance is a 
measured criterion for the success of the bui lding. Such 
specifications should include a designated time and 
durat ion of training, required attendees, topics to be 
covered (which include start-up, short-term and annual 
maint'enance procedures, and elementary troubleshoot ing), 
and technical assistance during the first few months of 
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building shakedown. At the training, comprehensive 
operating manuals should IE distri buted; they should have 
a 1 ready lEen approved by the AI E team 1i ke any other shop 
subnittal. The manual should include cut sheets on each 
mechanical components, as-wilt mechanical drawings, and 
schematic diagrams of all major control systems. If the 
design intent is for non-maintenance occupants to operate 
the bui lding. they should IE trained as well. At 
Princeton Professional Park, energy consumption was 
substantially lower in many of the rental suites following 
a user orientation session. At Shelly Ridge Girl Scout 
Center a similar session resulted in a decrease in energy 
consumption of one-half. These significant reductions 
underscore the need to specify such training sessions and 
hold the contractor to them IEfore final payment. 
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Section VI: Construction and Building Acceptance 

A. Monitor constructIon to Insure qualIty. 

. \.""' 

On-site inspection throughout the construction 
process is traditionally part of the design team's 
responsibility. There are. however. a number of areas 
that merit special attention if the design team is 
attempting to achieve an energy efficient building. 
Specifically. the architect should check the integrity of 
the building envelope. Air leakage is a common reason 
that h." ldings fall short of their potent i al for energy 
efficiency. Areas that merit close inspection are the 
continuity of insulation and the integrity of air/vapor 
barriers. both of which tend to receive less than careful 
attention from contractors not specializing in solar 
construction. The mechanical engineer should check 
ductwork for air tightness and proper insulation. 
Excessive leakage will make it difficult to balance the 
HVAC system; furthermore. leakage occurring in the wrong 
areas could lead to excessive energy consumption. 

Finally. lighting equipment should be checked. especially 
for the correct ballasts and fixtures. At times. high 
efficiency ballasts are specified hJt not delivered. Also 
check that fixtures are installed in the proper places. A 
lighting strategy that mixes high efficiency and regular 
fixtures can 00 confusing to or ignored by installers. 

In the program. these lessons are oost 111 ustrated 
where contractors installed conventional materials and 
components that served solar purposes. At State Security 
8ank. specified gl azing was repl aced by another which did 
not have as high a transmissivity. The solar consultant 
for Gunnison Airport performed lengthy calculations to 
optimize a Trombe wall thickness at 12 inches. When the 
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wall was formed, however. the contractor found some 
existing 14 inch forms on site, so he increased its 
thickness by the extra two inches for free without 
realizing the thermal consequences. In most cases, 
though, careful construction was encouraged throughout the 
program; for example, the Community United Methodist 
Church is even tighter and more comfortable than predicted 
due to the care and attention to detail provided by the 
wilder. 

B. Consider post-occupancy performance monitoring. 

Very few wildings achieve maximum energy performance 
within a year of their construction completion. Buildings 
are not like store-bought products which due to their mass 
production can 00 used immediately at rated capacity with 
full confidence. C1 ients do not fully real he this,and 
in fact may blame the designer for normal start-up 
problems. 

The delicate integration of passive solar and 
conventional systems creates even a greater need for 
post-occupancy monitoring and fine-tuning than in 
non-solar wildings. Innovative systems such as the 
window insulating systems at Johnson Controls or the 
window shading at Princeton School of Architecture and 
Urban Planning can 00 suliject to short cycling, damage by 
uninformed users, and maladjustment by contractors 
unfamiliar with the intended control strategy. Occupancy 
may have changed since the design of the system. For 
example at the State Security Bank, a storage room was 
turned into an automatic check-cancelling station with two 
operators. It is no surprise that they complained of air 
stuffiness until the ventilation system was readjusted. 
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RET~FITS 

In retrofits, conservation measures 
should precede passive solar, and should be 
reflected In the base case building. Those 
passive solar measures that are stili 
cost-effective will probably address a 
predominant heating problem since 
architectural lighting modifications are more 
difficult. Heat can be collected by 
components (Philadelphia Municipal Auto Shop, 
Princeton, SAUP) or by building additions, 
usually In the form of sunspace5 (Kieffer 
Store). The latter strategy becomes more 
Justifiable If the addition serves some other 
useful purpose that can accommodate high 
temperature swings. These Include atriums, 
entryways, and greenhouses. 

.. -~ 

.. 

WINDOW RETROFIT 

PHILADELPHIA MUNICIPAL AUTO SHOP 

All of these examples of necessary fine-tuning are 
reasonable for any bui lding owner to expect within the 
first year of wilding operation. In this year, a1l 
seasonal modes of operation will have occurred and 
problems identified. The architect who offers 
post-occupancy dewgging services is not trying to cover 
for a bad design; he simply wishes to make wilding 
shakedown less trying and minimize disruptions to the 
functions the wilding houses. 
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RESULTS AND FUTURE DIRECTIONS 

The Non-Residential Experimental Buildings Program 
has qenerated a rich and diverse collection of lessons and 
experiences in passive solar design. What has resulted 
from all of this effort, and what kinds of issues 
pertinent to future design research have emerged? 

Of the 22 buildings designed, 19 were constructed and 
ar~ yielding performance data which is documented in a 
series of case studies and in a companion performance 
overview, both to be published in 1985. Analysis of the 
energy savings, economics, and occupant satisfaction has 
shown the stakes to be high. Overall performance has been 
excellent, with program buildings using 47% less energy 
than their conventional counterparts on an area-weighted 
average. Most did not cost more to build than non-solar 
buildings of similar type and occupants satisfaction was, 
in all cases, higher than average. Certain buildings' 
performance was particularly outstanding, demonstrating 
utility costs as low as S.lS/s.f./yr., while others 
encountered architectural and mechanical problems that 
kept performance not much higher than base building 
levels. In either case, results could be traced back to 
the design, expecially the design's flexibility for 
accommodating changing building uses. 

Apparently, designers must ask more "what if" 
questions, but answering such questions is still not easy. 
Since 1980, little progress has been made on developing 
easily used design tools for non-residential buildings. 
Those that exist often require that the designer interrupt 
the creative process to generate performance feedback. 
One solution to this problem is an energy design tool that 
piggybacks ~ith computer-assisted design and drafting 
(CADD) systems which are becoming more and more prominent 
as a professional offering. 
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From the schematic design on a CRT, an architect 
could be able to quickly retrieve heat gains, heat losses, 
natural lighting levels, shading factors, and the like, 
for various climatic conditions and operating schedules. 
Results can appear graphically as overlays on the working 
sketches. Such an "energy/graphics" opt ion could offer 
various levels of complexity to correspond with 
progressive design phases, each one requiring and yielding 
more detailed information. It could also allow the 
architect to focus on specific building components such as 
overhangs and Trombe walls when the particulars of 
shading, sizing,and timing need attention. 

With more sophisticated design tools, the architects 
can quickly answer questions that were identified in this 
overview as crucial. What happens to'the success of a 
particular schematic design for a school: If the 
administration decides to offer night classes? If the 
building staff fails to operate the shading as instructed? 
If a new building goes up across the street? If a bid 
option of carpeting is accepted? 

Design tools are but one issue of many that arose by 
the conclusion of this program. Its participants will 
agree that the program probably raised as many questions 
as it answered. Rather than providing the definitive 
answers to the question, "How should a passive solar 
building be designed?", the program has shown that there 
is still much room for making the process more efficient 
and for making the product more successful. 
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PROJ. PROJECT 
ABBRE V. NAME PROJECT CONTACT 

JC 

TR 

EO 

AS 

JOHNSON ~. J~ SCHADE 
CONTROLS CALIFORNIA ENERGY COMMISSION 

922 VANDERBILT N'Y 
SACRAMENTO, CA 95825 

no 
RIVERS 
ALASKAN 
SCHOOL 

ESSEX 
DORSEY 
SENIOR 
CENTER 

ABRAMS 
PRIMARY 
SCHOOL 

(916) 922-0882 (H) 

~. J~ REZEK 
DEPARTMENT OF TRANSPORTATION 

& PUBLIC FACILITIES 
RESEARCH SECTION 
2301 PEGER ROAD 
FAIRBANKS, ALASKA 99701-6394 
(907) 479-4650 

FAIRBANKS NORTH STAR BOROUGH 
520 5TH AVENUE, PO BOX 1267 
FAIRBANKS, AK 99701 
(907) 452-4761 

~. CARL KUPPE 
BALTIMORE COUNTY AGING 

PROGRAMS AND SERVICES 
611 CENTRAL AVENUE 
TOWSON, fo() 21204 
(301) 494-2107 

DR. JACK HALE, SUPT. 
BESSEMER BOARD OF 

EDUCATION 
412 17TH STREET, NORTH 
BESSEMER, AL 35020 
(205) 424-9570 

APPENDIX: PROJECT TEAM MEMBERS 

SOLAR DESIGNER 

~. DONALD WATSON, FAIA 
730 MA I N STREET 
BRANFORD, CT 06405 
(203) 488-6384 

MR. RICHARD SEIFERT 
COOPERATIVE EXTENSION SERVICE 
UNIVERSITY OF ALASKA 
FAIRBANKS, AK 99701 
(907) 474-7201 (CAN ALSO BE 
REACHED AT 474-7987) 

MR. PETER D. PAUL 
PETER D. PAUL ARCHITECTS 
27 W. 20TH STREET 
NEW YORK, NY 10011 
(212) 691-1432 

MR. DAVID PEACHER 
ADAMS PEACHER KEETON COSBY 
2201 MORRIS AVENUE 
BIRMINGHAM, AL 35203 
(205) 328-1100 
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ARCHITECT 

MR. DOUGLAS DRAKE 
JOHNSON CONTROLS, INC. 
P.O. BOX 423 
507 E. MICHIGAN STREET 
MILN'UKEE. WI 53201 
(414) 276-9200 

MS. JANET MATHESON 
2035 HILTON STREET 
FAIRBANKS, AK 99701 
(907) 452-4640 

~. CHARLES BETTISWORTH 
1501 CUSHMAN STREET 
FAIRBANKS, AK 99708 
(907) 456-5780 

~. 808 DOLNYI 
MS. BARBARA SANDRISSER 
PETER D. PAUL ARCHITECTS 
27 W. 20TH STREET 
NY, NY 10011 

MR. DAVID PEACHER 
ADAMS PEACHER KEETON COSTY 
2201 MORRIS AVENUE 
BIRMINGHAM, AL 35203 
(205) 328-1100 
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INSTRUMENTATION TEAM 

~. ~ENT NEI LSON 
. JOHNSON CONTROLS, INC. 
P.O. BOX 31806 
SALT LAKE CITY, UT 84130 
(801) 973-4001 

MR. RICHARD SEIFERT 
COOPERATIVE EXTENSION SERVICE 
UNIVERSITY OF ALASKA 
FAIRBANKS, AK 99701 
(907) 474-7201 

NANCY COLEMAN 
ESSEX DORSEY SENIOR CENTER 
600 DORSEY AVENUE 
ESSEX, fo() 21221 

& 
~. BOO OOLNY 
PETER D. PAUL ARCHITECTS 
27 W. 20TH STREET 
NY, NY 10011 

MR. ROLAND McWILLIAMS, P.E. 
McWILLIAMS ASSOC IATES 
1824 28th AVENUE SOUTH 
BESSEMER, AL 35209 
(205) 870-4936 
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Mr. AIRY 
LIBRARY 

PHILADEL
PHIA 
MUNICIPAL 
AUTO 

COl(~AOO 

MOUNTAIN 
ooLLEGE 

CGlAL 
COUNTY 
MENTAL 
HEALTH 
CENTER 

COMM. 
UNITED 
METH. 
CHURCH 

MR. JOHN VEST 
CITY Of MOUNT AIRY 
P.O. BOX 70 
MT. AIRY, He 27030 
(919) 786-84l7 

MR. RICHARD TUSTIN 
CITY Of PHILADELPHIA 
DEPT. Of PUBLIC PROPERTY 
ROOM 1650 
1070 MUNICIPAL SERVICE BLOG. 
15TH & JFK BLVD. 
PHILADELPHIA, PA 19107 
(215) 686-4452 

MR. 1M. BOIOEN (ON BEHALF Of 
MR. f. DEAN LILLIE. PRES.) 
ooLORADO MOUNTAIN COLLEGE 
P.O. BOX 10001, 182 W. 6TH 
GLENlOOO SPRINGS, 00 81601 
(03) 945-9196 

MR. RANDY WATT (ON BEHALF Of 
MR. ELLIOTT KNOX) 
CGlAL COUNTY MENTAL HEALTH! 

MENTAL RETARDATION CENTER 
511 NORTH STREET 
NEW BRAUNFELS, TX 78130 
(512) 625-7359 

MR. WILLIAM H. MILLER 
COLLEGE OF ENGINEERING 
UNIVERSITY Of MISSOURI AT 

COLUIotBIA 
COLUMBIA, MO 65201 
(14) 882-3550 

SOLAR DESIGNER 

MR. MARC SCHIFF 
ED~RD MAZRIA & ASSOC. 
P.O. BOX 4883 
ALBUQUERQUE, tit 87196 
(505) 20-9639 

OR. CHARLES BURNETTE, PH.D. 
AlA 

CHARLES BURNETTE & ASSOC. 
234 SOUTH 3RD STREET 
PHILADELPHIA, PA 19106 
(215) 925-0844 

MR. MATT CROSBY 
THERMAl TECHNOLOGY CORP. 
BOX 130 
SNOIMASS, 00 81654 
(303) 963-3185 

MR. DAN DEFFENBAUGH 
SOUTHWEST RESEARCH INST. 
6220 CULEBRA ROAD 
SAN ANTONIO, TX 78284 
(512) 684-5111, EXT 2384 

MR. NICHOLAS PECKHAM 
PECKHAM & WRIGHT ARCH. 
1104 E. BROADIIIY 
COLUMBIA, MO 65201 
(314) 449-2683 
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MR. GARY MORGAN 
DPR ASSOCIATES 
2036 E. 7th STREET 
CHARLOTTE, He 28204 
(104) .H2-1204 

DR. CHARLES BURNETTE, PH.D. 
AlA 

CHARLES BURNETTE & ASSOC. 
234 SOUTH 3RD STREET .~ 
PHILADELPHIA, PA 19106 
(215) 925-0844 

MR. PETER DDBROVOLNY 
SUNUP 
ORAWER 340 
OLD SNO~SS, 00 81654 
(303) 927-3369 

MR. JOE STUBBLEFIELD 
JOE STUBBLEFIELD, ARCH. & 

PLANNERS, INC. 
120 ANASTACIA 
SAN ANTONIO, TX 78212 
(512) 735-5361 

MR. NICHOLAS PECKHAM 
PECKHAM & WRIGHT ARCH. 
1104 E. BROAD~Y 
COLUMBIA, MD 65201 
(314) 449-2683 
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INSTRUMENTATION TEAM 

MR. BILL SANDERS 
J.N. PEASE ASSOCIATES 
P.O. BOX 18725 
CHARLOTTE, He 28218 
(104) 376-6423 

DR. CHARLES BURNETTE, PH.D. 
AlA 

CHARLES BURNETTE & ASSOC. 
234 SOUTH 3RD STREET 
PHILADELPHIA, PA 19106 
(215) 925-0844 

MR. PETER DDBROVOLNY 
SUNUP 
DRAWER 340 
OLD SNO~SS, 00 81654 
(303) 927-3369 

MR. DAN DEffENBAUGH 
(SEE SOLAR DESIGNER) 

MR. WILLIAM H. MILLER 
ooLLEGE Of ENGINEERING 
UNIVERSITY OF MISSOURI AT 

ooLUMBIA 
COLUMBIA, MD 65201 
(314) 882-3550 
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SHELLEY 
RIDGE 
PROGRAM 
CENTER 

GUNNISON 
COUNTY 
AIRPOOT 
TERMINAL 

KIEFFER 
ST~E 

PRINCETON 
SCHOOl OF 
ARCH/URBAN 
PLANNING 

NS. JUDITH HELDER 
EXECUTIVE DIRECT~ 
GIRL SCOUTS OF 

GREATER PHILADELPHIA 
7 BEN FRANKLIN PARK III\Y 
PHILADELPHIA, PA 1910] 
(215) 564-4657 

MS. OOAOTHY M. JOHNSON 
GUNNISON COUNTY 
200 E. VIRGINIA AVENUE 
GUNNISON, CO 81210 
nO]) 641-0248 

~. ~OON D. KIEFFER 
821 TURNER STREET 
III\USAU, WI 54401 
(715) 845-6787 

~. JOHN HLAFlER, DIRECT~ 
OFFICE OF PHYSICAl PLANNING 
PRINCETON UNIVERSITY 
MACMILLAN BUILDING 
PRINCETON, NJ 08540 
(609) 452-]50] 

PRINCETON MR. MIKE GLOGOFF 
PROFE5- 210] !til TEHORSE-MERCERV ILLE 
SIONAL PARK ROAO 

RPI 
VISIT~S 
CENTER 

NERCERVILLE, NJ 08619 
(609) 587-2900 

~. RICHARO E. SCNt4EL 
RENSSELAER POLYTECHNIC INST. 
110 8th STREET 
TROY, NY 12181 
( 518) 266-6281 

SOLAR DESIGNER 

MR. DAVID F. HILL 
BURT Hill KOSAR RITTEU4ANN 

ASSOCIATES 
400 M~GAN CENTER 
BUTLER, PA 16001 
(412) 285-4761 

OR. JAN F. KREIDER, P.E. 
& ASSOC. 

1455 OAK CIRCLE 
BOULDER, CO 80302 
no]) 447-2218 

MR. BRUCE KIEFFER 
2701 PETTY ROAD 
MUNCIE, IN 47304 
n 17) 284-8281 ' 
(]17) 285-4171 (OFF. M&w) 

~. HARRISON FRAKER, JR. 
HARRISON FRAKER, ARCH. 
575 EWING STREET 
PRINCETON, NJ 08540 
(609) 921-1965 

~. LAIAENCE L. LINDSEY 
PR I NCETON ENERGY GROUP 
575 EWING STREET 
PRINCETON, NJ 08540 
(609) 921-1965 

OR. JOHN TICHY ~ 
DR. III\LTER M. KRONER, 
RENSSELAER POLYTECHNIC INST. 
NECHANICAL ENGINEER SCHOOL 
TROY, NY 12181 
(518) 266-6412 

55 

, , 

• 
.. 

ARCHITECT 

~. FRAN< GRAUMAN 
BOHLIN POWELL LARKIN CYWINSKI 
182 N. FRANKLIN STREET 
WILKES-BARRE, PA 
(717) 825-8756 

~. LEON H. III\LLER 
ASSOCIATED ARCHITECTS OF 

CRESTED BUTTE 
207 ELK AVENUE, BOX 1209 
CRESTED BUTTE, CO 81224 
(03) ]49-5353 

MR. BRUCE KIEFFER 
(SEE SOLAR DESIGNER) 

~. JIM HAUFMAN 
HARR I SON FRAKER, ARCH. 
575 EWING STREET 
PRINCETON, NJ 08540 
(609) 921-1965 

SH~T & F~D 

OR. III\LTER M. KRONER 
RENSSELAER POLYTECHNIC INST. 
SCHOOL F~ ARCH. RESEARCH 
SCHOOL OF ARCHITECTURE 
TROY, NY 12181 
(518) 266-6461 

-"'-

L 
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INSTRUMENTATION TEAM 

NANCY WI SNER 
OCCUPANCY FORMS 
SHELLEY RIDGE PROGRAM CENTER 
MANOR ROAD, P.O. BOX 55 
MIQUON, PA 19452 
(215) 487-0452 

~. JAY YANS 
ASSOCIATED ARCHITECTS OF 

CRESTED BUllE 
207 ELK AVENUE, BOX 1209 
CRESTED BUlTE, CO 81224 
no]) ]49-6188 

MR. BRUCE KIEFFER 
(SEE SOLAR DESIGNER) 

~. LAIAENCE L. LINDSEY 
PRINCETON ENERGY GROUP 
575 EWING STREET 
PRINCETON, NJ OS540 
(609) 921-1965 

~. LA IoflENCE L. 1I NOSEY 
PRINCETON ENERGY GROUP 
575 EWING STREET 
PRINCETON, NJ OS540 
(609) 921;-1965 

OR. J .A. TI CHY 
RENSSELAER POLYTECHNIC INST. 
MECHNICAL ENGINEER SCHOOL 
TROY, NY 12181 
(5IS) 266-6432 



PROJ. 
ABBREV. NAME PROJECT CONTACT 

SB 

TG 

iii' 

SM 

SECURITY 
STATE 
BAN< 
OF 
kELLS 

~. PAT HART 
SECURITY STATE BANK OF kELLS 
l2 S. BROAD""Y 
kELLS. I4N 56097 
(507) 55l-6l II 

TOULI ATOS ~. PLATO TOULIATOS 
GREENHOUSE 2020 BROOKS ROAD 

MEMPHIS. TN l8116 
(900 l46-8065 

""LKER 
FIELD 
TERMINAL 
BLDG. 

MR. MIKE BOGGS. AIRPORT MGR. 
PUBLIC AIRPORT AUTHORITY 
""LKER F I ELO TERM I NAL 
2828 H OOAD 
SUITE 211 
GRANO JUNCTI ON. CO 8150 I 
(lOl) 244-9120 

ST. MARY'S DAVID R. GALLAGHER (ON BEHALF 
GYMNASIUM OF MOST REVEREND THOMAS kELSH) 

210 N. GLEBE ROAD 
ARLINGTON. VA 22203 
(70l) 841-2500 

. -, 

~ .c. 

SOLAR DESIGNER 

~. JOHN kE lOT 
JOHN kE lOT ASSOC •• INC. 
110 IlEST SECOND STREET 
CHASKA. MN 55118 
(612) 448-6464 

~. PLATO TOULIATOS 
2020 BROOKS ROAD 
MEMPHIS. TN l8116 
(900 l46-8065 

DR. JAN F. KREIDER. P.E. 
& ASSOC. 

1455 OAK CIRCLE 
BOULDER. CO 80102 
(lOl) 447-2218 

MS. BELINDA REEDER 
ARCHETYPE, SUITE 202 
1841 COLU'IHA RD •• NW 
It\SHINGTON, DC 20009 
(202) 265-7565 

MR. WILLIAM GLENNIE 
DESIGN ANALYST 
225 S. HARRISON STREET 
PRINCETON, NJ 08540 

56 

ARCHITECT 

~. JON THORSTENSON 
GENE E. HICKNEY & ASSOC •• 

INC. 
6950 FRANCE AVENUE. SOUTH 
EDINA. MN 554:55 
(612) 920-1881 

MR. PLATO TOULIATOS 
2020 BROOKS ROAD 
MEMPHIS. TN l8116 
(900 346-8065 

MR. JOHN PORTER 
JOHN PORTER. ARCHITECTS 

& PLANNERS 
P.O. BOX 806 
GRAND JUNCTION. CO 81501 
nOl) 245-2000 

MR. DAVID GALLAGHER 
ARCHITECTS GROUP PRACTICE 
JOO N. ""SHINGTON ST., IllO 
ALEXANDRIA. VA 22114 
(70l) 549-0809 

INSTRUMENTATION TEAM 

MR. JOHN WE I DT 
JOHN kElOT ASSOC •• INC. 
110 W. SECOND STREET 
CHASKA. MN 55118 
(612) 448-6464 

MR. PLATO TOULIATOS 
2020 BROOKS ROAD 
MEMPHIS. TN l8116 
(90\) 346-8065 

MR. DAY 10 YODER 
YODER ENGINEERING 
BENCHMARK PLAZA 
SUITE l07 
P.O. BOX 5740 
AVON. CO 81620 
(lOl) 949-1191 

MR. OOBERT P. SCHUBERT 
ASSISTANT PROFESSOR 
ARCHITECT & ENVIRON. DESIGN 
VIRGINIA POLYTECHNIC INST. & 

STATE UNIVERSITY 
201 COGWILL HALL 
BLACKSBURG. VA 24061 
(70l) 961-77l6 

.~ ~Pc- ' • 
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This report was done with ~upport 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 t·he 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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BERKELEY, CALIFORNIA 94720 
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