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SOLAR BUILDINGS RESEARCH AND DEVELOP:MENT 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 mission of the 
DOE Solar Buildings Research and Development Program is to support this goal, by pro­
viding 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 con­
tribute 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 aper­
ture 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 nonmechani­
cal 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 0 Fuse­
ful operating temperature) evacuated tube/concentrating collectors for space heating and 
cooling applications. The focus is on design innovations using new materials and fabrica­
tion techniques. 

Cool"£ng 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. 

Systef'M 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 
development of design and analysis tools, and the establishment of overall cost, perfor­
mance, and durability targets for various technology or system options. 

This report is an account of research conducted in the systems analysis and applications 
research area. It summarizes results of the performance evaluation phase of DOE's Non­
Residential Experimental Buildings Program. 
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I. INTRODUCTION 

In 1979, the U.S. Department of 
Energy (DOE) launched the 
Non-Residential Experimental Buildings 
Program to investigate the potential of 
passive sol ar technologies to meet the 
heating, cooling, and lighting 
re irements of non-residential 
buildings. After five years, 19 
buildings have completed the design and 
construction phases and are finishing 
the final performance monitoring phase, 
compiling results relative to energy 
consumption, economic performance, and 
occupancy effects. The projects range 
from a 700 square foot classroom module 
in Al aska to a 66,700 square foot 
airport in Colorado, and comprise a 
variety of building types, including 
office buildings, community centers, an 
automobile maintenance shop, a bank, and 
several educational use buildings. 
Des i gns focus on pass i ve heat i ng, 
cooling, and daylighting strategies for 
reducing energy consumption. 

During the deSign of these 
buildings, under Phase I, a team of 
technical experts helped each project 
architect maximize energy performance, 
enhance occupant comfort, and minimize 
cons Each project team 
started by establ ishing a "base-case" 
building, a non-solar building which the 
owner probably would have ordinarily 
built. Team members then calculated 
heating, cooling, lighting, and other 
energy requirements, taking into 
consideration heat generated within the 
building by lights and people, occupant 
behavior, climate, and construction 
practice. These buildings were to 
reflect state-of-the-art practices for 
energy conservation. Designers then 
developed passive design schemes and 
estimated their costs and energy 
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performance. Energy estimating 
techniques ranged from calculations of 
Los Alamos Scientific Laboratory solar 
load ratio or solar savings fraction, to 
computer simulation using mainframe 
programs developed by federal and 
private sector groups. The DOE required 
that the passive sol ar features address 
the building's major energy cost 
requirements, which in most cases were 
lighting and heating, with some 
significant cooling in the larger 
bui ldings or bui ldings located in more 
southerly locations. The designs also 
had to be aesthetically pleasing, 
integrate mechanical, lighting, and 
other support systems, and demonstrate 
"technical validity." The cost of the 
passive features had to be reasonable as 
measured by life cycle cost analysis. 
The resulting array of designs showed a 
bias towards south-facing roof apertures 
that provided both heat and light, 
Trombe walls, and circulation spaces 
that collected heat for distribution to 
the rest of the building. Glare and 
overheating were prevented by diffusing 
baffles, overhangs, and operab1e shades. 
Night flushing of building mass, 
evaporative sprays, and natural 
ventilation supplied the bulk of 
coolin-a. Both automatic and manual 
controls were represented. The solar 
designs are surrmari zed in another 
document, Design Overview: Passive Solar 
Energy for Non-Resldentlal BUlldlngs, as 
well as in the individual design case 
studies published by the DOE in 1983. 

After the buildings were constructed 
under Phase II, they entered the final 
Phase III: performance evaluation. This 
overview summarizes the results of their 
performance, answering the questions: 
How well do the buildings work? 
Specifically, do they save auxiliary 
energy? 00 they func t i on as we 11 as 
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conventional buildings in terms of 
maintenance, operation, and comfort? 
Finally, what do they cost compared with 
conventional buildings? 

In the following pages, the reader 
will find that the answers to most of 
these questions are positive, thus 
countering past assumptions that 
non-residential buildings were unlikely 
candidates for passive solar technology 
by virtue of their high internal heat 
gains, large volume, and rigid 
environmental conditions. The program 
buildings saved signficant amounts of 
energy at little, if any, extra cost. 
Occupant satisfaction was above average. 
Moreover, their operation and use of the 
buildings had a significant impact on 
auxiliary energy consumption. 

Building energy performance is a 
directly quantifiable issue that is of 
undeniable concern to the building owner 
since it translates to dollars and 
cents. As the owner expects energy 
efficiency more and more in his 
building, the designer must keep abreast 
of what is feasible, both technically as 
well as economically, for his climate 
and building type. Performance 
Overview: Passive Solar Ener for 
Non- eSl entla Ul 1ngs glves oth the 
owner and designer actual numbers on how 
the best such buildings perform, thus 
establishing realistic limits and 
achievable goals for other passive solar 
non-residential buildings. 
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II. ENERGY 

two of the most frequently asked 
questions about passive solar building 
energy performance are: "00 the 
buildings save significant amounts of 
energy compared to conventional 
bui ldings?" and "Where do they save 
energy?" This last question is 
particularly applicable to 
non-resident i al buildi ngs because they 
are often perceived as needing much less 
heat than do residential bui1ding-s. 
This section will address these issues. 

A. DECREASE FROM NON-SOLAR BENCHMARKS 

1. The Passive Solar Bui~dings 
Participating in the pr02ram Used 
47% Less Enerey Than Thelr 
Conventionalounterparts. 

On an area-wei ghted average, new 
buildings submitting a year or more 
of monitored consumption data used 
almost half the energy that the 
conventional base buildings would 
have used, and significantly less 
energy than research for Federal 
standards determined to be 
economically feasible. They also 
used about 60% 1 ess energy than 
average U. r. commercial 
buildings. 

Comparison with Base Cases 

Figure II.1 shows the aggregated 
decrease in energy consumption 
from the base cases, and Figure 
II.2 shows the range of decreases 
over the buildings participating 
in the program. As one can see, 
the energy consumption of every 
building was either projected or 
actually measured to be 
substantially below that of its 
corresponding base case. Base 
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case buildings are the non-solar 
equivalents which owners would . 
have ordinarily built, and range 
from pre-engineered metal 
classrooms to standard corporate 
architecture. In the case of 
retrofits, base cases were the 
existing buildings. All base 
cases reflect the owners' budgets 
and the standard construction 
practices in their areas. 

The distribution illustrated in 
Figure II.2 shows no particular 
pattern of c1 imate, building 
type, or solar strategy that 
characteri zed the best and the 
worst performers, except that 
retrofits could not attain the 
same levels of reduction as could 
the new buildings. This was 
probably due to the retrofits' 
handicaps of deterioration from 
old age and a des i gn for lower 
cost energy. Many of the cold 
climate participants such as 
Blake Avenue College Center in 
Colorado and the State Security 
Bank in Mi nnesota performed as 
well as those in sunnier, more 
moderate climates. Finally, 
buildings designed to reduce 
heating, cool ing, and 1 ighti ng 
are distributed fairly evenly 
across the range. 

Comparison with BEPS2 

Like this program, the BEPS 
program also used base cases as 
benchmarks. Passive solar base 
cases approximated BEPS base 
cases within 10%, demonstrating 
good faith on the part of passive 
designers not to artificially 
raise these benchmarks to make 
savings appear greater. 
Furthermore, when the actual 
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energy consumption of new passive 
solar buildings is compared with 
the BEPS figures (Figure 11.1), 
the average fell 14% lower. Only 
the retrofit projects exceeded 
BEPS budgets. 

The primary difference between 
the design process in the BEPS 
program and in thi s one was that 
in the 1 atter, technical 
assistance provided to the 
designers covered not only energy 
conservation, but passive solar 
heating, cooling, and 
daylighting. This indicates that 
passive sol ar technology, and not 
just con serv at i on measures, 
contributed to the reduced energy 
consumption of these buildings. 

Heating, Cooling, and Lighting 
Energy Was Reduced by Approxlmately 
Half, But "Other" Energy Increased. 

Primary Functions 

- Annual Reductions. The most 
prominent observation is that 
all of the primary functions 
were .. r.educed by 1 arge <Dounts 
(Figure II.1).In particular, 
daylighting strategies were 
not accompanied by increases 
in cooling or heating energy. 
Given that over half of the 
building designs focused on 
daylighting; the reductions in 
heating and cool ing were 
particularly gratifying. 

Similarly, neither were solar 
heat ing strategi es accompan i ed 
by increases in cooling 
energy. So 1 ar heat i ng was the 
focus of approximately 50% of 
the designs. This observation 
app 1 ies in part icul ar to 
cooling energy in the fall 
months when one might expect 
so 1 ar apertures to co 11 ect 
unwanted heat gain from the 
low, southwest afternoon sun 
(Figure II .3). 
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All of these observations help 
dispel the notion that 
non-residential buildings, due 
to their internal cooling 
loads, are poor. candidates for 
passive solar deSign, 
especially passive solar 
heating and daylighting. 

Seasonal Variations in 
Lighting. A possible reason 
why daylighting designs 
incurred no cooling penalties 
is that auxiliary lighting 
energy (and therefore 
associated heat gains) was 22% 
lower in summer months than in 
non-summer months. This 
reduction in artificial 
lighting energy also reduces 
cooling, since daylighting 
.efficacy (90-150 1 umens/watts) 
is generally higher than that 
of artificial light (25-100 
lumens/watt for fluorescent 
sources). Thus, less heat 
gains are generated. 

In June, July, and August, 
buildings submitting a full 
year of data reported, on the 
average, monthly lighting 
energy consumption of 567 
Btus/s.f.; the other months 
required 729 Btus/s.f. This 
22% decrease was due in large 
part to the greater . 
availability of sunlight (34% 
to 60% increase depending on 
geographic location). The 
artificial lighting reduction 
did not match the increased 
availability of natural light 
because in most cases, as 
daylight hours extended past 
normal office hours in the 
summer, the daylight was no 
longer usable for offsetting 
artificial lighting energy. 

Other Functions. The doubled 
increase in the "other" 
category is noteworthy. 
"Other" energy users included 
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fans, pumps, task lighting, 
wall appliances, and office 
equipment. In constructing 
the base-case building, 
designers tended to 
underestimate the contribution 

~ of these energy users as this 
increase reflects. The 
implication for energy design 
tools and the design process: 
is that more attention should 
be paid to this energy. Since 
much of it is consumed by 
equipment, which is controlled 
by unpredictable building 
occupants, then the designer 
should anticipate a range of 
"other" energy-related 
circumstances when estimating 
building energy consumption. 

8. INCREASE FROM PREDICTIONS 

1. Many Buildinqs Were Used Mor7 Th~n Their Owners Expected, Contrlbutlng 
to 20% Hlgher Than Expected Energy 
Use. 

In the performance monitoring phase, 
actual building energy use fell 
beyond designers' projections, 
exceeding the project ions by 20% on 
an area- weighted average. In only 
one case, the Johnson Controls 
Branch Office, was the actual energy 
consumption significantly lower than 
predicted. Others were as much as 
twice the predicted figure. 

Breakdown by Function 

Figure 11.4 shows the breakdown 
of predicted and actual energy 
use by function. Heating energy 
fell off mark by the greatest 
amount at 31% higher than the 
original estimate. This excess 
was compounded by the concurrent 
decrease in heating degree days 
in almost all cases. On the 
other hand, cooling performance 
beat initi al estimates by 47%, 
conversely buoyed by the 
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concurrent i~crease in cooling 
degree days. 

Expl anat ions -for Oi screpanc i es 

Discrepancies betweeen the actual 
and the projected consumption 
resulted fran at 1 east two 
reasons: unanticipated building 
use patterns and design tool 
limitations. -

- Unanticipated Building Use. 
Of the two reasons, this 
probably made the greater 
contribution to the 
discrepancy. Project monitors 
reported ~umerous instances 
where building operation was 
extended because of the 
popularity of the building, 
where more people used the 
building, or where storage 
spaces were turned into 
offices or classrooms, thus 
requiring space conditioning 
and lighting. The lesson 
1 earned is that because 
predicting building use 
patterns is so difficult, 
solar designers should 
anticipate post-occupancy 
changes by modelling their 
designs under a range of use 
patterns. 

Design Tool Limitations. Most 
of the design tools used were 
not intended to provide 
precise energy use estimates, 
but rather to give general 
design direction. Their 
preciSion, therefore, was 
limited. Specifically,: 

1. They were oriented 
primarily towards 
residential-scale 
buildings; 

2. They had primitive or no 
means for accounting for 
thermal mass effects, 
especially the interaction 



of thermal mass with 
building setback; and 

3. They were weak in handling 
the dynamic interactions 
between heating, cooling, 
and lighting. 
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III. ECONOMICS 

The purpose of this chapter.. is to review two key 
QUestions unoorlyino the economics of usinQ passive 
selar ener9'( in commerciol buildings: (1) Do 
passive solar buildings cost more to build? and (2) 

• Do passive solar butldlngs reduce annual aperatlng 
costs? Based on the analysis presented here, passive 
soler commercial bulldlngs cost significantly less to 
operote ennueJ1y end cen be built for about the same 
first cost os conventional designs. 

A. CONSTRUCTION msL COMPARISON 

1. Most passive SOler CommercIal Byl Idlnt:> Do Not 
Cost Any MQre TO Byild Than Conyentional 
BujJdjn~ Of The .Same Type 

Although a great deal of time has been spent in 
the past trying to Isolate the Incremental 
increase In first cost of soler buildings or 
components, it can eeslly be argued that, in the 
end, It Is the-total cost of a building that is of 
mast concern to owners. Once a bulldingbua;et 
is established, it is the pi of the OOsign team to 
bring in 0 bullding thot meets the owner's needs 
within the bua;et prescribed. The choice of 
spec1f1c bulldlng elements is left to the lESign 
teem. It is their responsibility to tra off 
various bullding elements to arrive at a cost 
effective solutton. 

I n this context then, it was decilEd that the most 
voluable Imolysis of pessive solm- construction 
costs would be a comparison of total passive solar 
butldtng costs (per square foot) to typical 
conventional bullding costs. The cost per square 
foot of each passive solar building was computed 
from actuol construction ax:uments ( see figure 
111- I). This cost was then com pared to a range of 
typicel building costs (for similar building 
types) tIXOrdtng to stotistics compiled by eIther 
R.S. Means, F. W. Ooa;e, or both (see figure 
111-2). The com per I son was eDne for the actual 
yeti' in which the building wes built, to reduce 
erry inflation effects, and was ~usted for 
bulldlng sIze and regIon where possible. In all, 
com peret ive ciste was avei leb Ie for 1 3 of the 1 5 
new buildings completed in the CommerCial 
Buildings PrllTarTl. 
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Of the 13 buildings studied, 10 or 75~ fell 
within or below the range of typical costs for 
conventional buildings of the same type. 
Specifically: 

• 2 buildings feU below the renge of 
typical costs . 

• 4 buildings fell within the range of 
typical cost but .tlelmt the median for 
either Means or OtOJe 

• 4 bul1dinQS fell within the range of 
typical cost but ~ the median 

• 3 buildings fell above the range of 
typical costs. 

Of the three buildings which fell above the range 
of typical costs, one was a national award 
wlnnina building, one was featured in a national 
architecturol journal, end 011 fell within the 
ownerS'bua;et expectations. Although a 
comparison to national 8Yerage figures cannot 
accaunt for specific building characteristics or 
amenities, the fs:t that 3/4 of the passive solar 
buildings in the pragrmn fell within a reasonable 
range of ftrst costs for comparable buildings 
cleerly Indicates that passive solar bui Idings 
need not cost erry mare than conventional 
construction. Supporting lD:umentation for the 
analysis of construction costs is presented in 
detail In Appendix A-2. 

,LOPERATINQ msLCOMPARISON 

2. passIve SOlar CommerCIal BYi l!lIngs Cost 
Slgnjflcantly Less TO Operate Annyal Iy Thon 
Conventjona! Byjldjrus Of The Same Type 

Unfortunately, there is no national data base of 
annual operating costs by building type 
equivalent to whet Means end DtOJe collect an 
construction costs. Therefore, a comparison of 
pesslve buIlding operating costs to conventional 
building apersting costs is much more difficu It. 
Nevertheless, some data cb!s exist, and it is often 
quite goad for specif1c building types. Where 
data could be found, it is clear that uti I ity costs 
for pessive solar buildings are Significantly less 
annually than fa- conventiOO8I buildings. 
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FIGURE 111-1 

PASSIVE SOLAR COMMERCIAL 8UILDINGS 

PRo.JECT DESCRIPT'IONS AND COSTS 

. 
M"E LOCATION SllE TOTAL 

fT2 COST(I) 
$ 

Tw Rivers Schoo' fli r banks, AK 15,750 2,341,000 

Abrams School Bessemer, AI 26,600 954,400 

C.U.M.C. Columbia, MO 5,500 258,000 

Co)orlda Moutain Co11e98 Glen""ood Sp., CO 31,900 1,814,000 

Mt. Atrv Mt. Alr~, He 13,500 1,188,000 

St. Merv's Alexlndril, VA 9,000 655,400 

Joh .... n Control SIlt Lake, UT 15,000 855,000 

Princeton Perk Princeton, NJ 64,000 3,000,000 

SIc .. rit .. St.tt Benk wens, MN 11,000 704,000 

£sao DorstV Belti more, MD 13,000 850,000 

ShellV Ri. Ph1l1 .. , PA 5,100 485,000 

RPI Tro .. NV 5,200 423,900 

Gunnison Airport Gunnison, CO 9,100 774,800 

Wei lcer 'i.ld Grand In., CO 66,700 4,000,000 

Toul1,toa Greenhouse Memphis, TN ----- --------
~ ________ a_o ___ e ___ _______ e _________ 

---.,.---- ----_ .... 
Phil .. ' phi, Auto PhmV, PA 57,000 479,000 

Pr; nceton School of Arch Prj neeton, NJ '3,700 , 23,000 

Kieffer Store WlusaU 3,200 57,500 

CorM' Co. N. Bnunfels, TX 4,800 14,000 

COST IFT2 
$ 

$149.00 

$ 36.00 

$ 41.00 

$ 59.00 

$ 88.00 

$ 74.00 

$ 57.00 

$ 46.00 

$ 64.00 

$ 65.00 

$ 85.00 

$ 81.00 

$ 80.00 

$ 60.00 

$ 12.00 
- ____ ... 0 

$ 9.00 

$ 9.00 

$ 18.00 

$ 3.00 

( I) c. .. t. c..t • c..tnet.r O.H .• C •• t. Prefit - Arcb ft. - L'M Ce.t - Sit. Wert 
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COr1PARISON OF 

NEW PASSIVE SOLAR BUILDING COSTS 
TO· 

CONVENTIONAL BUILDING COSTS 

PlIO.J[Cl D(SCRI PllON 

YEAR 
SIZE &. BUILDING TYPE BUILT 

Smell ReltQjous Ed. 1981 

SII'IIIl (11m. Schaal 1981 

Lerve LeN Ai .. Office 1982 

Lerve Low Aill Office 1982 

Smell G,.mnui um 1982 

5l1'li11 Communit,. Ctr. 1983 

slI'IIn Slnjor Cit. Ctr. 1982 

.w.nlJl Li bnrv 1982 

slI'IIn Benlc 1981 

AYer. Student Union 19B1 

Smell Airport Term. 1981 

lerve Airport Term. 1982 

Smell Campus PoUce 1981 
Ctr. 

(S/FT2 ) 

$1 fT 2 

$47 

$36 

$57 

$46 

$74 

$B5 

$65 

$88 

$64 

$64 

$80 

$60 

$81 

COST COt1PARED TO 
R.S. "fANS" '.W. DODGE 

$50 $75 

F4:':31: 

~(, 'j.\~t}.~ .. ~~ 
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, , , , , , R. S. M ... s D.t. 
-: ;.; -: -: .; .:.- ~. 'rI. ~ 0 ••• 
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A full yesr of utHity cost information now exists for 
10 passive solar commercial bulldtngs in the 
Pn:q'ant (seeF igure 111-3). These are !l:tual energy 
cmt data, taken in al1 cases from monthly gas, oil, 
and electrIc btlls (excludlnQ such extraneous costs as 
water 01" 3eWer charges often found an such bills). 
They have been CXJmputed on a per square foot basis to 
fec111t8te comparIson but have not been normal1zetj to 
reflect reginl climate differences. 

Camper-alive dlSta was taken from principally four 
sources, depending on the building type in Question: 

• Nonresidential .8uUdjrm Eoer~ 
Omsyroptioo Syrvey (NBECS) - This survey 
of fN8r 5,000 nonresidential buildings 
conducted by the Energy Information 
Administration (D.O.EJ was based on a 
anful1y ~Iected str.rtistiasl sample of the 
U.s. arnmerclel building stOCk. It combined 
personel Interviews with buildinQ operators 
and ectual fuel bills collected from utility 
companies. From the data given, it is 
possible to mmpute en average total utility 
bill per square foot by building type either 
by reQion or by building size. 
Unfortunately, it is not possible to get bath 
simultaneously. Although this data base is 
not equIvalent to Means or Dooae (it exists 
for only tJ single year), it is clearly the best 
national data base 8CrOSS all building types. 

• Building Owners and Mange ASlffijatjQo 
(BOMA) - Eech ytJr, BOMA pub I ishes the 
Exchll1g8 Report which inclu(i!s a summery 
of office bul1ding operating costs for specific 
cUtes across the U.S. In many cases the data 
Is further subdIvided by location ( urben vs. 
suburban) and sometimes by size. This is 
clearly one of the best d8t8 bases for office 
buildings but is limited to this single 
bul1d1ng type. Because date is specific, the 
number of buildings in ~ one cetecpry may 
be QUite smell. For this reason, any single 
dMum can be btlily skewed by one or two 
uncommon bul1dings. 
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• American Institute of Archjt~ts 
foundatjon (AlAE) - UnlEr controct to D.O.E. 
the AIAF recently prepared a summary of all 
8Val18ble data on elementary and secondary 
schools. This report cOnfirmed thet few 
states report summery energy costs by 
squ8f'e foot for schools. There are, however, 
8 few states which offer this data. Maryland 
and New Jersey have particularly high 
qual jty data on energy cost per SQUare 
fool Their figures were used for 
comparison to schooJand school-like 
bul1dings in the progrem. 

• Base case Comcarlson (BASE) - EOCh design 
teem participating io the CommerCial 
Buildings Program was reQuired to prepare a 
"Base Q!se Building Profi Ie" as part of the 
clasign process. This base case was to 
represent 8 MIJXXr or Maverage" building of 
the same type as the solar bui Iding being 
designed -- or a sim i Jar type. This bui Iding 
would represent common proctice in the 
local 81"88 and wou Id be the basis of 
aunparison for the passive design. For 
owners of multiple buildings, the base case 
wesoften the lest building built. In 

, other C8SeS the design team chase a but Iding 
tn the S8ITIe locale and collected construct ion 
and operating cost data I n all cases, the base 
CtJS8 was reviewed and approved as 
reesoneble by the project monitoring team. 
Of the four comparisons used in this 
5'l8lysts, this is probably the "best" because 
of the effort made to find a reasonab Ie 
comP8rlson for the passive building octually 
buill 

Of the 10 bul1dlngs studied to date, the total annual 
ut111ty cost for All of them fell well below its base 
C8S8 alternative (see FtQUre 111-4). The best 
performing building was 681 below its base case. 
The poorest performing building was 81 below its 
base C8S8. The average across all 10 buildings was 
511 lass energy cost than the bese case. 

'. 
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PASSIVE SOLAR COMMERCIAL BUILDINGS 

PROJECT DESCRIPTIONS 
& 

ANNUAL UTILITY COSTS 

SIZI STUDY 
,..,AL UTILITY COST 

.AI1E LOCATIO. 
fT.2 PERIOD (LEC. GAS TOTAL 

I I I 

ClI'1C COlumOM, MO 5.500 11/92-10/93 236 569 805 

Color_ MI. Col. GJ.nwoo4 s,., CO 31,900 7192- 6/93 27,388 2,340 29,728 

Me. A"'; MI. AinI, NC 13,500 1/83-12/83 6,119 HoG •• 6,119 

"'*-Control s.1t L •• , UT 15,000 4/92- 3/83 7,249 1,219 8,468 

Sto.St ...... \,.11., MN 11,000 6/83- 7/S4 3,938 430 4,368 

RPI TrOV, NY 5,200 6/S3- 6/84 6,249 NA 6,249 

Gwtnilon Anort Gunnjson, CO 9,700 9/81- S/S2 9,159 NoGu 9,159 -_._,. -~ --- --------- ---- -------------- -----
ICItfftr Stew_ \' IUNU, \'1 3,200 6182- 5/83 386 399 785 

c.n.lCo. N. 8n"nf.1I, 1)( 4,800 9/82- 8/83 1 ~161 515 1,676 

PIri ....... Auto Pttj"'lphM, PA 57,000 8/83- 7/84 19,279 31,176 :50,4:55 
;;;;...--

3u&Ojl 
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FIGURE 111-4 

COt1PARISON Of ANNUAL UTILITY COSTS PER SQUARE fOOT 
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If one looks beyond the base cases alone to all of the 
data b8se comparisons ttlne for this analysis, the 
conclusions ere only modestly different. In this C8Se, 

the best performer costs 801 less to operate than an 
8YeI"8ge buUdlng of lts type. The average reductton In 
CXJSt {all buildincp agairnst all data bcse:s} is 331. 

It Is only fair to potnt out that, In some cases, the 
passive soler building spends more on enerw per 
Yf!Ifr' then 8 comparative or average bui lding. This is 
especially true when the passive building is 
axnpered to national average figures in the NBECS 
data base. In es:h of these cases, it could easily be 
argued that the base case more s:curately represents 
Icx::aJ climate end utility cost chars:teristics. 
On average, g8S prtces have increased 301 and 
electric costs as much as 1501 since the NBECS data 
was collected. In all comparisons, the base case is 
signifial'ltJy higher than the l2Yer~ figure. f4:J one 
would expect given typica) rete Increases, it would be 
81'1 lnterestlna stuctt tn ttself, though beyond whet Is 
possible here, to investigate these discrepancies and 
recompute the NBECS average costs. If NBECS were 
e1tmlnated from the comparison, average S8Yings 
across all remaining cOmparisons would be 481. 

A few numeric artifs:ts should not, however, distrs:t 
from the key message of this analysIS -- that passIve 
solar buildings can spend significently less on 
utllities than conventional buildings. Half of the 
butldlngs stUdteduse less than SOC per square foot 
per ~ for utilities, and 9 of the lOuse less than 
S 1.00. The average S8Yings eaoss all the buildings 
stUdied was from 30-501. In fs:t, the lowest cost 
building in the program {a church school and 
communtty center tn Mtssourt} spent only 15¢ per 
square foot per Yf!Ifr for utilities. That is a total 
amwaJ. utility bill for both electricity and gas of 
$806. 
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C. OTHER CCSI:RELATED ISSUES 

In a data base of 10 unique buildings, it is impossible 
to find enouQh slmllarities to be statistically 
s:curate in CXJmmenting on any particular design 
feature. Nevertheless, several cost related issues 
have been lcEnt1fled which merit mention at least by 
anecciJte. As more solar buildings are designed and 
built in the future, these issues should be studied 
further. 

1. Ba-Up Systems or Multfple Systems can Be 
Un"" I we j Iy rmt Iy. 

In the early days of passive solar design, there 
was reasonable C8Use for concern about whether 
or not systems would work as well as predicted. 
For this rlBlOn, ci!signers were cautious and 
included either full scale back-UP systems or 
cEslQned mult1ple system optIons that could meet 
heating and cooling loads in case the passive solar 
system failed. In all cases these systems meant 
~ f1rst cost for equipment and wl11 mean 
8£ijed operating and maintenance costs over the 

. 11(e of the building. As passive concepts continue 
to prove themselves, confiO!nce in passive OO5ign 
will continue to grow. As. this happens, such 
redundancy can be el1mlnated, thereby 
increasing cost effectiveness of the overfill 
ci!sign. 

2. Commercjal Qyality Moveable Insylation Is Not 
CZoert"bt Ayeileble Its ACphcatjoo And Use Can 
BoA:PYm: Of Cgst problems 

There 1s no question that moveable insulation is 
a key part of many passive solar designs. It wes 
used widely in the CommerCial Buildings 
Pray8fn. In most cases, however, high Quality 
moveable insulation systems were not 
commercially available at the time of 
construction. Designers worked hard to develop 
special or site-built systems, but the end results 
were mixed. I n at leest f1ve cases, there were 
either dalays in the original installfltion, 
problems with operation once installed, or poor 
enough performence that the or1ginal systems 
had to be replaced. All of these situations had a 
mere or Jess ner;Jrtive effect on cost. 



This is not to SIfI that moveable insulation should 
be removed from passive solar designs 
altogather--performance would clearly 
suffer from this approach. It is to SIfI that 
designers should toke special core in this cree of 
passive solar design, should learn from past 
mistakes, and should identify prooucts that can 
be expected to perform in a commercial 
environment 

3. There Is A Growing Consensys That passive Solar 
DestoogAltt value By Incr=jng Byllding 
Amenity Byt Tbjs Con Be verjfied Only by 
Arertrte 

As can be seen from the occupant analysis in this 
report, there is no cDubt that most occupants 
I ike passive soler bui Idings. I n several cases 
there is a sigoificent increase in building use. 
One owner claims that the prodUctivity of 
employees is up bec8usa they like the spa in 
which they work. In one school, children said 
tney liked the p8SSlve soler area better, and In 
another school a principal reports that teachers 
are ooi"O better. 

If, and it is a big -if", any of these conjectures 
could be QUSlttfled, tl'leV would have a very 
significant impact on the economic analysis of a 
building. In most casas, 8 change of only a 
percentage point or two In the proouctivlty of 
employees would overWhelm annual savings in 
ut11lty costs. Payroll per year in most buildings 
outweighs utility costs by tens to hundreds of 
times. If a connection tiles exist and can be found 
between the QU8l1ty of spoc:es that result from 
passive soler design and the proouctivity of 
occupants. the value of passive design as reported 
In this anelysls would be smalllJy comparison. 

Such an analysis was clearly beyond the scope of 
this project. Nonetheless, findings here SUI}18St 
that passive solar eign, and the effects of 
deyl1Qt1tlno In general, should become an 
Important part of future resem-ch on 
proouct1vity. 
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IV. OCCUPANCY 

Two major questions underlie this 
Evaluatlon - Did the bUlldings save 
auxiliary energy and did they function 
as well as non solar buildings? 
Occupancy evaluation focused on 
occupant impacts on building energy use 
and user satisfaction with the building 
environment (particularly as lt related 
to the building energy system design). 
Both of these questions must be answer~!d 
affirmatively for the buildings to be 
considered successful. 

For each building. monthly measurements 
of.bul1ding energy use, collected either 
by manual (submetered) or automatlc data 
co 11 ttC t i on equ 1 pmen t. were I:UII'lJd red lu 
predicted energy use. and discrepancies 
between the two analyzed. Possible 
reasons for differences included poor 
predictions. design errors. construction 
mistakes. unusual weather patterns. and 
a variety of occupancy factors. 

Occupancy issues were ·assessed in a 
number of ways. Full time and part time 
building users were asked to complete a 
questionnaire each month. Building 
operators and managers responded to a 
number ·of operatlons and occupancy 
related questions 4S part of their 
monthly reportlng. Site viSltS and 
observations occurred at most buildings. 
Interviews were conducted with 
architects. building program personnel. 
building managers and selected staff on 
an as needed basis. 

A. SATISFACTION 

Overall satisfaction with the buildlngs 
was qUlte high. despite some concerns 
about several comfort issues. 
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1. Overall Satisfaction With the 
Buildings was Hlgh. 

Figure IV-l illustrates th~ month 
by month overall satisfaction 
reported by bUl1ding occupants on ~ 
6 point scale. 

Although satisfdctlon did fl~ctudte 
some for each lndlvidual bUlldlng. 
the pattern indicates a hlgh degree 
of satisfaction with all bUl1dlngs 
in all seasons of the year. 

Z. The Popularity of Some BU11dlngs 
Led to Longer Hours of Operatlons 
and Significantly Increased 
9Ecupancy Le~ 

Figure IV-2 indicates the changes 
in both amount and pattern of 
occupancy from those predIcted by 
the designer to those actually 
occurring in the occupled building. 
The only building which was 
occupied less than predicted was 
Johnson Controls, which hlred fewer 
people than pre'dlcted to occupy the 
space. 

3. Most Users LIked the Appearance of 
the BU11dings and Felt that the 
Solar Deslqn had a POSItIve Effecl. 

The relationship between pOSitive 
attitude toward bUIldlng appearance 
and whether thlS attitude was 
affected by the fact that~he 
building was solar was tested 
statistlcally.· Solar had a 
sig~ificant Influence on how well 
people 11ked bUIldlng appearance. 
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4. Perceived Thermal Comfort was High. 
averaging 74%. 

See Figure IV-3. Thermal comfort 
was reported highest.during the 
Spring season. with most complaints 
during the winter season. 

Most compla1nts about thermal 
comfort were concentrated in 
the mornings of.w1nter months. 

A repetitive pattern of 'too 
cool' mornings and 'too warm' 
afternoons occurred in many 
buildings. This finding is 
discussed further in Chapter 
V. INTEGRATION, ~ection C, 
Thermal Mass Issues. 

Ventilation strategies for 
cooling. had numerous 
operational problems, 
interfering with their 
effectiveness 1n prov1dinq 
comfort. These are discussed 
further in Chapter V. 
INTEGRATION, Section D. 
Natural Venti lation. 

5. Satisfaction with Lighting was 
Consistently High. 

Daylighting was used 1n 100 percent 
of the designs and was usually very 
well received. Users spontaneously 
mentioned their delight in the 
daylighting in buildings with a 
wide variety of gaylighting 
solutions. 

Lighting controls varied from 
automated to manua 1. 1 n mos t 
cases, lighting energy use was 
lower than predicted. 

Daylighting alone sometimes 
provided 100% of the 
illumination needs 

Artificial 1iqhting and 
dayllghting were wel I 
integrated in the buildings, 
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providing acceptable lighting 
conditions almost all of the 
time. There were fewer than 5% 
of respondents who complained 
of too dim or too bright 
conditions, regardless of time 
of year, time of day, or 
building location. 

Glare problems reported in 
several buildings were usually 
associated with perimeter 
light sources rather than with 
overhead light sourceso 

6. There were Few Perceived Air Quality 
Problems. 

The only consistent finding was 
complaints about stuffiness in 
areas that had not originally been 
designed for occupancy. Infiltra­
tion problems occurred in a number 
of the buildings shortly after 
move-in, but most of these were 
construction problems that could 
be remediedo 

7. Some Complaints about Acoustics 
Occurred in the Majority of 
Buildings Studied. 

Four types of perceived acoustical 
problems were examined: being 
disturbed by overhearing things, 
having difficulty on the telephone 
or with conservatiors, and having 
difficulty concentratingo Con­
centration and conversation 
problems were most frequent. Users 
responded by complaining, by adding 
acoustically absorptive materials 
and public address systems. 

Acoustic problems were related to: 

Wall and floor surfaces, 
primarily designed to provid~ 
thermal storage mass, were 
constructed of nonabsorptive 
materials and thus bounce 
sound around the buildings. 
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Figure IV-3 

Open plans designed to enhance 
convective currents and 
llghting distribution prevent 
sound isolation. 

Increased number of occupants 
using the bui Idlngs. 

B. CHANGED BUILDING OCCUPANCY AND USE 

Evaluation findings showed that many 
differences in occupancy patterns and in 
building operations occurred and that 
these changes probably strongly 
influenced actual building inergy use, 
although the exact impact of these 
changes cannot be determined. 

1. In Almost All Buildings in thE:: 
Program. Actual Occupancy Patterns 
Differed Significantly from those 
Predicted. 

As previously indlcated on F,gure 
rV-2, actual occupancy differed 
from that predicted In four ways: 
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Timing of Occupancy. Because 
the bUl Idlngs were very 
popular, people used them many 
more hours per day than had 
been predlcted. Occupancy 
b~gan earl,er in the day, 
lasted longer lnto ev~nlny 
hours and included significant 
amounts of weekend use. This 
r~sult~d In energy demands 
that had not been anticipated 
in design. 

Location of Occupancy. Spaces 
which had been deslgned to be 
unoccupled were frequently 
pressed into use, influencing 
energy use and comfort in 
those areas. These areas, such 
as storage areas and 
mezzanines, were not 
originally designed to provide 
comfortable conditions for 
occupants. In each case, users 
ln those areas experIenced 
some discomfort, and more 
energy was used trYlng to 



achieve comfort than designe~s 
had predicted. 

Number of Occupants. In all 
cases but one. bUlldings in 
this program were used by many 
more people than the designers 
had anticipated. In one case. 
almost tWlce <.IS many users as 
had been an,ticipated were 
occupying the space. This 
popularity put unantlcipated 
demands on the building energy 
systems. 

ACtlvHy. Althou<Jh ttiiS Lyp(! 
of change in occupancy 
occurred less frequently than 
other types. ~Pdces WhlCh hdd 
been deslgned to provide 
thermal comfort conditions 
appropriate for one set of 
activities became 
uncomfortclbl ~ when ()t.h(~r typr.··. 
ot dctlvlLle~ occurred l~ the 
space. For example. when a 
sunspace was temporar1ly 
filled wlth blackboards and 
used as d cld~~roofll • the <.Ired 
was uncomforlab I y warm. In 
addltion, the adjoining 
offices which depended on 
borrowed light from the 
sunspace found thdt the 
blackboards blocked thelr 
light source. 

~ 

C. CHANGED BUILDING OPERATIONS 

Bu;)ding energy use predictions were 
based on certain fairly speclfic 
operdL IOlld 1 dssumpt ions. t(ach des Ign 
team specified an oper.ational protocol 
which was used as the basis for their 

- energy use predictlons. These 
dssumpL ions rdnged from sLrd IfJhtforward 
instructlons specifying when to switch a 
system from summer mode to wInter mode, 
tu faIrly complex dnd subtle dlrectlons 
indicating what sequence of actions 
should be taken if the bUllrllnq becamp 
too Wclrlll dur I Ill) \pr'1I1I1 .lfld I <J II ~C<.l~UIIS. 

For some buildings, thes~ operational 
protocols were explicitly transferred to 
the building users through written 
instructions, in others through a verbal 
briefing to the building users, and in 
still others the building operation was 
directly in the hands of an on-site 
building manager. 

Building operations differed from those 
initially planned for a number of 
reasons. 

1. Changed Use Made Planned Operations 
Inappropriate. 

In some cases the use patterns had 
so significantly altered from those 
predicted that operations had to 
change as well in order to provide 
comfortable conditions. 

2. Instructions were Inappropriate. 

To be effective, operational 
instructions must respond to the 
needs, education, motivation, 
interests, or sophistrication of the 
building users. Sometimes only a 
few users received instructions; 
sometimes the user population 
changed and the new occupants were 
never instructed; and sometimes 
the language, format, and distri­
bution of written information were 
too sophisticated for the building 
users. 

3. Instructions were Not Transferred. 
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The question of who has 
responsibility for effective 
transfer of operational 
instructions is often not made 
explicit. As a result, 
communication af useful information 
between the design team and the 
building users and managers 
sometimes does not occur. 



4. Building Operations were Complex 

SQme buildings had numerous 
operation and control options, each 
of which was only appropriate for 
limited situations. The complexity 
sometimes overwhelmed 
unsophisticated users. 

5. Appropriate Actions were Unfamiliar 

When correct building operation 
depended on users doing actions 
that were unfamiliar. they often 
either did not perform the actions 
or performed them inc'orrect ly. 

6. Relationship Between Operational 
Actions and Comfort Was Too 

Indirect 

Users sometimes could not 
understand the rel~tionship between 
the actions they were supposed to 
take and comfort conditlons. This 
occurred either because the effects 
were indirect or because the 
actions seemed counter-intuitive to 
them (e.g. closing glass flreplace 
doors to keep the bUilding warmer). 
Controls or operational components 
which were located close to users, 
were familiar 

7. Following Instructions Did Not 
Result in Comfortable Conditions. 

In these situations. building 
occupants tried a variety of other 
means to achieve/comfort. These 
ranged from adding portable 
electric heaters. fans and lights 
to blocking off light sources to 
reduce heat gain, darken a room or· 
achieve privacy. 

B. Operations Which Solved One Comfort 
Problem Contributed to a Different 
Comfort Problem 

In several cases. glare control 
devices, solar gain controls and 
ventilation systems were poorly 
combined. As a result. user 
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attempts to control thermal 
problems interfered wlth the 
ventilation strategy. attempts to 
control ventilatlon caused problems 
with the lighting strategy etc. 



v. RESULTS AND IMPLICATIONS OF 
SELECT DESIGN STRATEGIES 

A. RETROFITS 

Of the 19 building projects reporting 
performance data, 4 were retrofits of 
existing buildings: Comal County Mental 
Health Center (New Braunfels, Texas), 
Philadelphia Municipal Auto Garage, 
Princeton School of Architecture and 
Urban Planning, and Kieffer Store 
(Wausau, Wisconsin). Since their number 
is limited, it is difficult to make 
broad generalizations with confidence. 

1. Design Options Were Limited, But 
EaSler to Assess 

Compared with new buildings, 
retrofits were handicapped by lack 
of control over siting, massing, 
form, glazing, thermal mass, and 
other issues usually addressed in 
early design phases. Thus, their 
performance level was also limited. 
However, the level was more easily 
quantified, since: 

The first costs were easy to 
i so 1 ate. In each case, they were 
the total project costs. First 
costs tended to be low, between 
$3 and S18 per sq. ft. 

The energy savings could be 
isolated directly. In each case, 
they were the difference from the 
original building. The level of 
savings was largely a function of 
the original building; the more 

inefficient buildings achieved 
more savings. In all cases, 
savings were significant, ranging 
from 14,700 to 137,700 Btu's/s.f. 
per year during the time periods 
buildings were monitored. 

Occupant satisfaction could be 
more accurately measured. 
This is because users could 
compare comfort and oper'at ion 
directly with that of their 
old building. Generally, 
occupants were more pleased 
with the retrofits compared 
with their old buildings. 

2. It was Difficult to Significantly 
Improve overall BUlldlng A~enltles 
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Lacking design options, it was 
difficult to achieve amenities 
available to new construciton 
projects such as quantity and 
quality of light, or interest 
afforded by atriums. The best 
solutions focused on integrating 
conservation measures with solar 
with attention to reserving 
daylight. Conservation measures to 
reduce heating, cooling, and 
lighting loads such as in Comal 
County Mental Health Center, often 
precluded more expensive solar 
measures. Where existing windows 
created glare such as in the 
Philadelphia Municipal Auto Garage, 
solar components to mitigate glare, 
reduce heat loss, but retain light 
were custom-designed. 



B. DAYLIGHTlNG 

Daylighting solutions in these buildings 
saved energy while contributing to 
comfortable lighting conditions. 
Daylighting was used as a passive design 
strategy in all buildings in the program 
and relied on heavily in over half of 
them. Six types of daylighting 
solutions were used: Windows to reduce 
artificial lighting needs (78%) of 
buildings. Lightshelves (48% of 
buildings). Clerestories (39% of 
buildings). Roof monitors (35% of 
bui1dings)*. Sunspace and borrowed light 
(13% of buildings). and Skylights (13% 
of buildings). This section summarizes 
the experiences associated with these 
day4ighting strategies. 

The buildings illustrate good basic 
solutions to daylighting which could be 
used successfully in other buildings. 

1. Day1ighting Resulted in Significant 
Cost and Energy Savings While 
Contributing to User Comfort. 

Approximately 55% savings ov~r base 
case lighting energy use was 
achieved through the use of these 
daylighting strategies. 

Clerestory: An ~pper zone of a 
wall pierced .with a window to admit 
light or air. Roof monitor: A 
raised section of roof with 
openings. louvers. or windows (not 
parallel to roof plane) used to 

.admit light or air. 

These energy savings. discussed in 
greater detail in an earl,er 
section. were NOT achieved 'at the 
expense of' ei ther energy use for 
heating or cooling or of user 
comfort. 

2. Successful Daylighting Designs 
Shared a Number of Characteristics. 

The most important aspect of the 
successful use of daylighting was 
distribution. If daylight WdS well 

distributed. a visually 
comfortable. and largely glare free 
enVlronment was attalned. The 
design solutlons which were most 
successful had the following 
characteristics: 

Glare and contrast were 
controlled. Beam dayI1l)ht.11l9 
WdS not allowed t.o dlrect.ly 
enter an occupled space. 
Baffles. dlffusing reflectlng 
surfaces. and/or diffuslng 
glaZing were used to break up 
beam l,ghting. Occupants were 
not able to dlrectly see the 
light source from the spaces 
they usually occupied. 

. light was admltted lnto the 
space high on the wall plane 
or at the ceil,ng plane. 

The VleW was retained. 

A number of smaller roof 
apertures (clerestories and 
roof monltors) were used 
rather thdn a few large 
openl ngs. 

All'roof monitors and 
clerestorles were designed 
wlth South faclng glazing. 

Perimeter 11ghtlng through the 
combinatlon of windows and 
light shelves was expenSlve 
and dld not demonstrate 
greater energy Sdvlngs than 
did overhead lightlng systems. 

3. Daylightlng Provlded Ambient 
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Lighting in Most BUlldlngs. 

In most buildings. daylight 
provided amblent or background 
illumination. with artificlal 
lighting used to provide task 
specific lightlng. In three 
buildings. however, the Mt. A,ry 
Library. Wells Security State Bank 
and St. Marys Schoo I Gymnas I UIII, 



daylight provided the majority of 
the required task light1ng. 

4. Occupant Satisfaction with the 
Lighting Environment was QUite 
~ 

Daylight is a principal contributer 
to the increased amenity of passive 
buildings. Fewer than 5% of 
occupants complained about 'too 
dim' or 'too bright' conditions. 
across all buildings and types of 
daylighting design. The many 
spontaneous comments about the 
delightful qualities of the 
daylighting attest to user 
satisfaction with this aspect of 
the bui ldings. 

5. Manual Controls for Artificial 
Lighting can be Operated 
Successfully by Building Occupants. 

Correct manual lighting control can 
result in both energy savings and 
acceptable lighting levels. Special 
studies carried out by Lawrence 
Berkeley Laboratory (LBL Report 
LBL-18069 "Effect of Daylighting 
Options on the Energy Performance 
of Two Existing Passive Commercial 
Buildings) concluded that in the 
two buildings which were studied in 
depth. users operated manual 
lighting controls in a more energy 
efficient manner than simple 
automated control systems would 
have. One reason for these results 
is that occupants'were satisfied at 
illumination levels lower than 
those which industry standards 
recommend (and which automated 
control systems use). even when 
they had the option to increase 
those lighting levels. Although 
this is insufficient evidence on 
which to draw general conclusions. 
1t does indicate that occupants can 
use lighting controls effectively 
under some conditions. 

6. Integration of Oaylighting and 
Artificial L1ghtlng can be 
Successful. 

The most successful integratlons of 
daylighting and artificial Ilght1ng 
occurred when: 

Switching of any klnd was 
unnecessary fbr extended 
periods (e.g. whple days) 

Variations in distrlbutlon of 
daylight could be supplemented 
according to need in the space 
by zoned switching 

Zones were laid out parallel 
to the daylight source rather 
than perpendicular to the 
dayl ight source 

Multilevel switching could 
supplement available dayllght 
1n a stepwise manner. 

C. THERMAL MASS ISSUES 

Desp1te the fact that passive SOldr' 
buildings are often thought of as 
depending on high mass solutions. the 
buildings in this program could be 
divided into three groups. each using a 
different type of thermal mass Solutlon. 
High mass buildings. such as Mt. Airy, 
CUMC. Alaska Two Rivers School and Comal 
County. used amount and distribution of 
large oimounts of thermal mass to store. 
delay and diffuse heat energy throughout 
the building. Another group of 
buildings used locallzed thermal mass 
(such as trome walls), where the 
location of the mass was designed 
specifically to supply the 
heating/cooling energy needs of a 
particular area of the building~ This 
group included G1rl Scouts. St. Mary's 
Gym, Johnson Controls. RPI. CMC and 
Gunnison Airport. The third group of 
buildings used low mass des1gn 
solutions. appropriate to their tlming 
of occupancy. climate etc. Low mass 
buildings included ~~ells Bank. and 
Princeton ProfeSSional Park. 

2S 



Analysis of energy. economic and 
occupancy issues has led to the 
following conclusions. 

1. High Mass Does Not Appear t~ Have 
Been a Contributing Factor 1n the 
Energy Efficient Functioning of 
These Buildings 

High mass construction is not 
necessar~ to achieve 
significant energy savings. 
The effective use of mass 
depends on understanding the 
interrelationships among 
several factors: occupancy 
schedule. type of building 
use. the type of energy 
problem and the way mass is 
distributed throughout the 
space. 

2. High Mass Does Not Necessarily 
Solve Thermal Comfort Problems. and 
in Some Cases Appears to Have 
Contributed·to Problems. 

High mass solutions are often 
associated wi these problems: 

Acoustic - Exposed hard 
surfaces of thermal storage 
material cannot easily absorb 
sound 

Thermal - Regulation of timing 
and amount of 'heat delivery 
to space' is difficult 

Mechani~al systom integratIon 
- the mechanlsms by which 
thermal mass is charged by 
mechanical systems and natural 
passive systems is not well 
understood. 

Moderate amounts of well. 
distributed thermal mass are 
apparently usually sufflcient to 
solve thermal problems. 
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3. Localized Mass can be an Effective 
Strategy to Provide Delayed Heat to 
SpeCifiC BUlldlng Locations. 
• 

Several buildings successfully used 
localized thermal mass to provlde 
comfort conditions. while saving 
energy at little lncremental 
construction cost. 

4. Several Low Mass BUildings 
Performed ~Je I I 

The Wells Securlty State Bdnk and 
Alaska SChool used little energy 
while providlng comfortable 
conditions for buildlng users. As 
these bUl1dlngs had daytime 
occupancy patterns. they required 
early morning warm up and had no 
need for delay of heat dellvery to 
the space. The designs took 
advantdge of d"·t!ct \jlllll ~tr<.ltegJ(!~ 

for heating. 

D.NATURAL VENTILATION 

Natural passive ventilation was used as 
an ~ntegral part of the cooling strategy 
in a number of buildlngs. While lt is 
not possible to know exactly how weI I 
the natural ventllatlon systems 
performed. some problems with various 
approaches can be ldentifled. 

1. Assumptions About Air Currents Were 
Sometlmes InacLurate. 

A number of deSIgner assumptIons 
dbout the pdLh-, I.hell Illlerlur 
ventilatlve currents would take In 
order to effectIvely cool and/or 
ventilate the space were found to 
be inaccurate. Partlcularly. when 
currents were dssumed to turn 
corners or travel along indirect 
pathways to create comfortable 
condi t ions and save enerl)Y, these 
expectatlon~ were not 
~ubstantlated. 



2. Conflict Between Shading Devlces 
and Apertures I~peded Ventl1atlve 
Flows. 

A variety of sources of natural 
ventilation were employed in the 
buildings. usually in the form of 
an operable window or door. In 
order to be effective. these 
sources had to remained 
unobstructed. However. in a number 
of buildings. shadlng devices were 
being used over these ventilatlon 
sources. impeding the inflow of 
air. These shadlng devices were 
bei ng for: 

G ]are con tro 1 
Darkening of space to show 
slides or films 
Solar gain control 

3. Manually Operated Ventilation 
Control Strategies Cdn Work. 

Controls are most effective when 
they are familiar. close to the 
affected user and simple to 
understand and operate. For 
exampie. clerestory windows which 
opened by pull chains were used 
effectively. On the other hand. 
users did not understand the proper 
operation of troumbe wall vents and 
thus used them either 
inappropriately or not at all. 

E. CLIMATE DEPENDENCY 

1. Solar Buildings Succeeded in a Wide 
Range of Climates, From Very cold to 
Hot and Humi d . 

During the planning of this program, 
there was a particular effort to 
achieve a geographic and cl imate 
spread across the range of proj ects. 
The success of the buildings is 
distributed across the entire range 
(Figure V-E.l). Specifically, 
buildings reporting a full year of 
data are located in very cold areas 
with cloudy winters (Fairbanks, 

2. 
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Alaska and Troy, New York), told, 
sunny areas (Gunnison, ColoradQ dna 
Salt Lake City, Utah), moderate 
areas (Columbia, Missouri), and hot, 
humid areas (Mt. Airy, North 
Carolina and New Braunfels, Texas). 
Urban areas (Philadelphia) are also 
represented. This distribution 
provides substantial evidence that 
sol ar architecture is not 1 imi ted to 
sunny areas with large- diurnal 
temperature swi ngs such as the 
Southwest. 

Flgur. V-I. 1 
HEATING BTU'S PER HEATING DEGREE DAY 

5.1 

Ener1y Performance Was Not Oepende~~ 
on C imatic Variables. 

By Heating Degree Day 

There is essentially no pattern 
of heating energy performance by 
heating degree day. 

Btu's/s.f. heating degree day is 
a good measure of the energy 
performance of solar buildings 
because it equal i zes aux i 1 i ary 
energy without regard to size of 



building or heating climate. 
Data show this performance 
parameter to be rel atively 
independent of heating degree 
days. The range is between 2.6 
and 4.0 Btu's/s.f./yr./HDD, about 
half that of the base bui 1 di nq 
values. -

By Horizontal Insolation 

There is essentially no variation 
of heating energy performance by 
solar insolation. One would 
expect the buildings in sunnier 
locations such as Colorado and 
Utah to perform significantly 
better than those in the 
not-so-sunny locations such as 
Alaska and upstate New York .. The 
data~ however, show a fairly 
constant value near 3.5 
Btu's/s.f./yr./HDD. 

(Retrofits were not included in 
this analysis because the sol ar 
and conservation effects were not 
as easily controlled. In some 
cases, monitored space included 
areas not retrofitted because the 
heating system served the whole 
building. The main reason for 
their exclusion, though, is that 
most were so handicapped in their 
energy-conserving design features 
that even after extensive 
insulation, it is still 
inappropriate to compare them 
with new buildings which have the 
advantages of optimum 
orientation, massing, and form. 
Retrofit performance ranged from 
4.8 to 23.5 Btu/s.f./heating 
degree day.) 

F. RELIABILITY AND MAINTAINABILITY 

1. Most of the Passive Solar Techniques 
Used Were Very Reliable and Old Not 
Increase BUlldlng Malntenance 
Requirements. 

Most project teams spent a 
considerable amount of time during the 
design process to refine the passive 
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techniques which would be used in the 
buildings and to make them as simple as 
possible. This proved to be time very 
well spent. Those projects which made 
use of simple solutions, and did not 
place unusual requirements on building 
occupants for successful operation were 
well accepted, performed satisfactorily -
and did not prove difficult to maintain. 
In fact, in many cases the building 
maintenance personnel responded very 
favorably to these builnings because 
they were easy to understand and 
operate. 

By contrast, some techniques were 
used which required daily adjustment or 
used complex motorized controls; these 
proved frustrating to building personnel 
and were sometimes maintenance problems. 
For example, a few projects used 
operable insulating shades which did not 
prove durable enough for use in 
cOlTlJlerc i a 1 app 1 i c at i on s . Th is. requ ired 
substantial maintenance on the part of 
building personnel, and usually resulted 
in the devices being used less regularly 
over time. 

People proved willing to perform 
routine 'Ooerations provided that they 
were easy to understand, the effects 
could be seen or fel t, and the 
operations were not disruptive to other 
building operations. In some projects, 
for example, the deSigners' desi're to 
have operable windows open during 
nighttime hours to promote natural 
ventilation and cooling of the building 
conflicted with security requirements 
and was quickly abandoned by building 
maintenance personnel. Adjustments 
which were necessary only on a seasonal 
basis were usually well accepted. For 
example, when Trombe wall vents needed 
to be adjusted only in the spring and 
fall to accommodate the change from the' 
heating to the cooling season, they did 
not usually prove to be a problem. In a 
few projects multiple mechanical 
distribution devices, with sensitive 
construction tolerances were used; these 
almost always proved to he problems. If 
passive devices were difficult to 
install, or seemed counterintuitive to 
construction personnel, they would 



usually be built incorrectly, and in 
some cases were sabotaged by 
construction personnel. For example, in 

one project the auxiliary electric 
resistance space heaters were wired to 
operate continually, since the 
electrical contractor did not believe 
that the passive techniques would 
provide sufficient heating, and set 
about to assure that he would not be 
called back to the building to correct 
comfort problems. This was only 
discovered through performance 
monitoring of the building, and was then 
easily corrected. 

2. Occupants Are Often the-Most Complex 
Elements 1n Conmerci al Build1ngs. 

In bui ldings where occupants and 
maintenance personnel could easily 
understand the reason for the inclusion 
of passive features, and the way in 
which they were intended to operate, few 
problems existed. When people either 
misunderstood or disregarded the passive 
elements in the building, problems 
inevitably arose. In some projects, for 
example, occupants pl aced pl ants and 
books on the light shelves, compromising 
their function as daylighting devices. 
In other projects, it was the routine 
response of bui lding users to tum on 
artificial lights even when they were 
not needed. Th i s was most eas il y 
overcome by orientation sessions in 
which the designers explained the 
intended use of the building and 
building occupants became comfortable 
with the way in which the passive 
systems were intended to operate. When 
a level of confidence and trust 
developed on the part of bui lding 
occupants, daylighting and passive 
heating or cooling devices were well 
accepted. 
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G. 

1. 

SYSTEM INTEGRATION 

Passive Heating, Coolint and 
Light1ng Techniques Mus be 
Carefully Coordinated With 
Convent1onal HvAC and Lighting 
Systems. 

Since passive and conventional 
systems usually shared the requirements 
for maintaining space comfort and 
adequate lightinq, the highest energy 
savings were realized where the 
integration of those systems was 
carefully thought through by the 
deSigners and carried out by building 
personnel. In particular, the best ones 
were designed to avoid competition 

between passive and conventional systems 
intended for the same purpose. 

If artificial lighting systems are 
not controlled to be dimmed or shut off 
when adequate daylight is available, the 
energy saving potential will be lost, 
and worse, the spaces may overheat or 
exoerience high electrical demand 
charges. Similarly, mechanical heating 
systems which maintain comfort by 
providing short bursts of high 
temperature air may overpower the 
radiant heat provided by Trombe walls or 
other passive heating devices. This is 
particularly true since the conventional 
systems are usually controlled by 
thermostats which respond to dry bulb 
temperature, while the passive systems 
may rely on steady flow of a moderate 
quantity of radiant heat. 

Mechanical cooling systems should 
also be considered when juxtaposed with 
natural ventilation systems or 
techniques making use of building mass 
and circulation of cooler night air. 

In most projects, this interface did 
not prove to be problematic. In fact, 
in many projects the mechanical heating 
or cooling systems were shut off for 
large portions of the year because the 
passive techniques were capable of 
maintaining adequate space comfort. 



However, in some projects, problems 
arose. For example, in one project 
which made use of a large atrium space 
with a significant amount of exposed 
concrete to provide thermal mass, the 
designer intended to allow a swing in 
space temperature to store adequate 
amount of heat in a space which was 
primarily used for circulation purposes. 
However, the mechanical controls 
subcontractor installed single setpoint 
thermostats, which automatically 
switched from heating to cooling based 
upon deviation from the setpoint. This 
confl icted with the intent ion for swing 
in temperature, and, until corrected, 
eliminated the potential energy savings. 
Similarly, in other projects where a 
significant degree of thermal mass was 
exposed on the interior of the building, 
night setback of the space temperature 
was employed. This proved problematic 
in some cases since the building proved 
hard to heat up in the early morning. 
People complained of feeling too cool 
because of the presence of radiant 
surfaces which had di scharged their heat 
during the night and had to be recharged 
during the day. An easy solution was 
developed by minimizing the night 
temperature setback so that morning 
startup operations could be accommodated 
by the solar and mechanical heating 
systems. 

2. Manual controls were sometimes more 
energy conserving than automated 
devices. 

This was particularly true in those 
buildings where users perceived a 
greater level of control of the interior 
environment. Frequently, this resulted 
in the users voluntarily setting 
temoerature or lighting conditions below 
those normally assumed by building 
designers. 

For example, in the Mt. Airy Library 
and the Community United Methodist 
Church, which both used manual control 
of artificial lights to achieve savings 
in these daylit buildings, the manual 
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controls actually proved to be more 
effective than automated dimming or 
switching devices could have been in 
producing energy savings. This was 
experimentally verified by Lawrence 
Berkeley Laboratory researchers who 
carefully monitored the use patterns in 
both buildings and compared the measured 
results of manual control of the 
artificial lights to predicted 
performance for automated control s. One 
of the reasons for this' was the 
willingness on the part of occupants in 
both buildings to function at lower 
lighting levels than those recommended 
by industry standards. This voluntary 
action on the part of the building 
occupants is apparently connected to the 
high degree of personal control which 
users perceived in those buildings. 



VI. CONCLUSIONS 

The DOE Non-Residential Experimental 
Buildings Program has provided the 
largest data base of passive solar 
performance of non-residential buildings 
to date. The patterns that have emerged 
show that, in general, passive solar 
technology can provide sUbstantial 
energy savings at little, if any, 
increased first cost. Performance 
parameters that contribute to the 
success or failure include occupant 
behavior, user control, fuel cost, and 
the skillful handling of design elements 
such as solar apertures, thermal mass, 
daylighting systems, and their 
integration. with conventional design 
issues. Of minor concern are climatic 
1 imitat ions and predominant bui 1d ing 
load; passive solar buildings can 
perform well in a wide variety of 
climates to reduce heat i ng, coo 1 i ng and 
lighting needs. Passive solar does not 
pl ace unnecessary constraints on comfort 
nor on bui lding aesthetics and in fact 
can enhance both. The most potential 
for failure lies in poor or complicated 
controls, and designs that do not 
anticipate changing uses, but even in 
the worst cases, these buildings can 
sti 11 perform as well as conventional 
buildings. 

Two questions emerge from these 
conclusions. The first is: "In light of 
these documented successes, what can be 
done to realize the potential of passive 
solar in other buildings being 
constructed today?" Market forces are 
strongest when the owner demands the 
product. Unfortunately, this overview 
is oriented primarily towards the solar 
designer and architect. Results from 
this program and other successful solar 
buildings need to be directed towards 
the building owner using techniques and 
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channels normally used by this audience. 
Amenities such as user satisfaction and 
marketability need to be quantified and 
described in language understandable by 
these decisionmakers. Increased worker 
productivity should De documented and 
aesthetic benefits highlighted so that 
passive sol ar is not overwhelmed by the 
connotations of "alternative energy" 
but can also suggest a certain financial 
sophistication and technical· 
advancement. 

The second question is, "What 
technological shortcomings were 
uncovered that limit passive solar 
technology to the levels demonstrated in 
this program?" One area insufficient 1y 
investigated .is the design and 
performance of large non-residential 
buildinqs. Only three out of 19 of the 
program participants had floor areas 
over 50,000 square feet, but almost half 
of commercial building floor area in 
1984 occurs in buildings large than 
this. Also deserving of greater 
attention is the retrofit of exsiting . 
buildings. About two thirds of 
commercial buildings existing in 1980 
will still be in use in the year 2000 
and therefore will require a large 
fraction of future building energy. 
Reducing this energy involves issues 
different from those surrounding new 
buildings. Existing buildings often are 
not oriented properly, have greater 
internal spaces inaccessible to solar 
heat and daylight, are built with heavy 
construction materials such as brick and 
concrete, are located on urban sites 
shaded by neighboring buildings, and 
have historic preservation covenants 
restricting design alternatives. 
Although these issues make their 
retrofit more difficult, potential 
savings are often greater than in new 
buildings since old buildings tend to be 
energy wasters. 

.; 



More research is needed in the 
development of design tools. Design 
tools are procedures convenient to the 
designer for accurately measuring 
passive solar potentials during the 
design process. Tools that exist today 
are either cumbersome, requiring 
extensive computer input and taking long 
times to return results, or 
unsophisticated in their approach to 
integrating the many energy flows in a 
building. Many simple programs, for 
example, do not give credit to cooling 
energy when dayl ighting reduces heat . 
gain from artificial lights. Energy 
design tools need to be integrated with 
those in non-energy areas of 
architecture, so that the architect can 
develop building designs on a computer 
screen and instantaneously know the 
implications for not only energy 
consumption, but construction cost, 
handicapped access, fire protection, and 
structure. 

These topics point to another area 
where research is needed: whole building 
analysis. It is not enough to conduct 
research in separate architectural 
disciplines; as in design,t he 
disciplines must be integrated. Whole 
building systems research identifies the 
optimum integration of architectural, 
mechanical space conditioning, and 
electrical systems with passive solar 
technologies. This need was borne out 
in the Non-Residential Experimental 
Buildings Program when designers had 
little basis for answering questions 

_ such as: How well wi 11 open floor pl ans 
facilitate natural convection cooling? 
How consistently will occupants 
naturally keep lights off in daylighted 
spaces? How much is thermal mass 
necessary to store heat in buildings 
where lighting is the main energy load, 
or where heat i ng is not needed at 
night? 

Finally, more research is needed in 
the areas of advanced glazing products 
and day1ighting techniques. Controls 
must also be further refined, especially 
automatic and manual controls that 
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integrate sol ar and convent-;anal 
heating, cooling, and lighting systems. 
These components are sufficiently far 
from market readiness that their 
research would benefit from public 
support. 
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APPENDIX A-l: NOTES, BACKGROUND 
AND SUPPORTING ANALYSIS FOR 
CHAPIER II - ENERGY PERFORMANCE 

APPENDIX A-1.l 

1. U.S. EIA Non-Residential Bui~ing 
Energy Consumption Survey, 1979 
(average for existing buildings 
exc 1 ud i ng hea lth and food serv i ce 
f ac i 1 it i es) • 

2. The Building Energy Performance 
Standards (BEPS) energy levels were 
determined by the U.S. DOE in.1979, 
based on a comprehensive survey of 

.buildings designed between 1973 and 
1976. These energy budgets 
represent the average building 
energy use by particular building 
type and location that was bel ieved 
to be economically feasible to 
achi eve. 

3. Cooling degree days was determined 
to be the best est imate of coo 1 i ng 
loads by G.B. Graves, Energy Systems 
Group, who conducted parallel 
research on the climatic sensitivity 
of building designs in this 
program . 
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APPENDIX A-2 
BACKGROUND AND SUPPORTING AHALVSIS FOR 

CHAPTER ITI - ECONOMICS 
COMPARISON Of 

APPENDIX A.2.1 

PRO.JECT D£SCR IPTION 

Cost I 
NMw Ft 2 

$ 

Two Riv.,.s Sch $149 

Nwams School 36 

C.U.M.C. 47 

Colorado Coll'g_ 64 

Mt ...... 88 

St. """'s 74 

JohNon Contro' 57 

~P...tc 46 

s.c.. St.t. an 59 

£s .. ,cDor~ 6S 

Slwlltt1 Ridp as 

GuMiMft 80 

Y •• .,. Fwld 60 

RPI 81 

TouMtos 12 --
PhiUV Auto 9 

Pnno.ton Arch 9 

Kwff.,. Stor. 18 

ComeICo, 3 

PASSIYE SOLAR COMMERCIAL BUI Lol NG 

TO R. S. MEANS DATA BASE 

MODifIERS DATA MODIFICATION 

Cit .. COlt Mod. Siu V 114 M~;"" Bldt· , 
T,..,. Mod. • Citlj • r Ginn Mod. Ginn Mod. 

No comp.r.bl, building tll~ 

E. School Blrmingh.m 93.9 1.012 '91 39.BS 37.93 49.05 46.56 

R,1. Ed. Sprlngf1d. 997 1.012 'Bl 35.45 35.77 39.70 40.06 

Stu. U. PUMlo 98.0 1.000 '81 53.eo S2.72 70.20 68.eo 

L ... ." lita". 94.9 1.000 '92 S4.00 :51.2:5 67.00 63.:58 

o..m "'uh.p.C. 100.4 1.015 '82 41.70 42.53 51.80 52.84 

L.R,O((;o. 5.1t L., 99.8 .977 '82 38.90 38.12 49.60 48.61 

LR.Ome. Tr.nton 102.6 .955 '82 38.90 38.12 49.60 48.61 

e:ll* MWw.,. 98.6 .. 950 '81 58.00 54.33 72.80 68.19 

Com.Ctr. ealtnor, 100.8 .988 '82 48.30 48.30 57.50 57.50 

Com. Ctr. Pt!il .. lph;' 97.7 1 :012 '83 48.30 47.82 57.50 ".93 
, 

No comp.r~" buildinCJ tlj,. 
I I I 

No comp"'~lt bui1d1ncJ tlj,. 

PoliH St •. A~ 91.9 1.01:5 'SI :13.80 53.46 74.40 73.93 

--- ----------- No comp.r.tt .. bu,1dincj tllP' 

~-----t-------t---~------- ------ ----- -------
No comp.r ~1' data on rttroflt 

I I I I 
No comp.rabl. data on rttroflt 

I I I I 
No comp.rab .. data on rttrofit 

I I I I 
No comp.abl. data on rttroftt 

'S1 O.ta From Mt."s Building Sust.,.,s Cost Guid. 1 ~82 - 7th Edition ( S.F ./C.F. Cost S.chon) 
'82 " '83 Oab from Miles Sy It""' Cost 1983 - 8th Edition (5.F. IC ~ . COlt S.ction) 

3B 

3/4 

Ginn Mod. 

59.30 56.29 

49.85 49.29 

87.00 8S.26 

8S.00 80.67 

65.80 67.12 

66.00 64.68 

66.00 64.68 

96.50 90.391 

71.SO 71.:50 

11.50 10.191 
, 

I 
87.10 86.55 

------- -----_ .. 

j 



APPENDIX A.2. I 

COMPARISON OF PASSIVE SOLAR 
COMMERCIAL 8UILDIN6 

TO R. S. MEANS DATA 8ASE 

EXPlANATION 

As CII'I be.,. on TebleA,2.1, comparable deta could 
be found in R. S. Means for I 1 of the 19 bui Idings for 
which there Is construction rost data The R. S. 
Meens SWtems Cost Gujde was chosen because this 
deta base is built from real building information and 
because rosts are reported In a range from the lowest 
1/4 of the data base through 3/4 of the data base. 
The med1en is also given. 

With the Means dISta base, it is also possible to 
mCX21fy a given value by various factors to more 
cl.-Iy approximate a perticular bui lding. For this 
analysis. given values were modified by four factors 
to ga1n the best comparison possible between the data 
beaa and the passive solar buildings. The 
modifications were: 

• Select the closest bul1ding type possible to 
the solar building 

• Select a multiplier for the closest city to the 
solar building 

• Select 8 multiplier to compensate for the Size 
of the solar building 

• Match the year of construct1on as closely as 
possible to the same year of Means dete. 

These modifiers are combined and applied to the data 
given. The result Is shown in the "Modified" ( MOO) 
column of the table. 

.';,.; : 

39 
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COMPARISON OF 
PASSIVE SOLAR COMMERCIAL BUILDINGS 

TO F.W. DODGE DATA BASE 

~CT DESCRPTION COMPARATIVE DATA 

APPENDIX 1\.2.2 

COS';' BLDG. SIZE GROSS BUILDING COST $/Fl 2 
NAME FT2 TYPE RANGE YEAR 

$ (000 n 2 ) lOW AVO. AVERAGE HIGH AVG. 

Two Rivws Sc:h. 149 No comp.,..oJ. bui1d'in9 t'tlP. 

Abr.ms School 36 El.m. School 30-40 I 91 I 41.20 50.50 56.00 
C.U.M.C. 41 No compinb 1. bul1d'ing ty p. 

Color* Mt. Col '9 VoT.ch School 20-80 81 47.00 55.00 69.00 

Mt.AirV 88 Pub.L ....... 15-60 82 69.54 78.76 90.42 

St. M..-v's 74 No comp • ..,1."bu11dmg t'tlP. 

JoMson Control ~ Offie. B1dCJs. • 82 53.62 66.39 72.11 

Prtnc.tan Pri 46 Offie. B1d9S. • 82 53.62 66.39 72.11 

SM. St~"8" 64 Br-=hBri 2.5-3.5 81 53.SO ~.OO 90.00 

ESMXOw,... 65 s.n. Cit. Ctr. 2-3 82 37.79 43.34 51.31 

SMnv~ 85 Comm. H.Us 15-20 83 43.14 48.01 55.52 

Gunnison 80 Av- Ttrm'in.l 20-30 81 62.00 70.00 76.00 

'W •• wF.1d 60 Av- T.,.mln.1 20-30 82 66.86 74.07 83.95 

RPI 81 Po lie. B1d9. 18-24 81 69.00 75.00 79.00 

TOUMtoS 12 No compM' .... bul1d'inCJ typ. 

----------------~-- 1--------------- ~----------~------1---------t--------- ----------
Phil"" Auto 9 No comp.r ib. d.t. on ntrofits 

Prw.o.ton Arch 
I I I 

9 No CGmpM' .... d.t. on ntroflts 

K.ffw Stor. 18 
I I I 

No comp ...... ca.t. on r.trofits 
, I I 

Com.l Co. 3 
No < ..... i-a. dr- on '·"r" 

198200_ Construction Sust.ms Costs • Not Ginn 

'82" 'U D.t. from 1983 OoeSq. Construction S"st~s Costs 
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APPENDIX A.2.2 

COMPARISON Of PASSIVE SOlAR 
COMMERCIAL BUILDINGS 

TO f. W. DODGE DATA BASE 

EXPlANATION 

The F. W. DcxtJe data base, Table A.2.2, works 
differently then Meens. In the dIse of Dtxi;Je, one can 
select building type end the year , but there is no 
moo1f1C8tlon process. Instetm, DcdJe reports the size 
range of the bui ldings in the dete base and gives three 
average figures for that building type (low average, 
ever., and hlgtl aver.). 

The DIltJe data b8S8 is valueble for this comparison 
~ it reports~er81 building types not in the 
Means data base. In many cases both data bases 
report on the S8I11e building type but In no case are 
the ranges or medians similar. No effort was me in 
this analysis to resolve these apparent differences. 
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COMPARATIYE DATA FROM 

NONRESIDENTIAL BUILDINGS ENERGY CONSUMPTION SURYEY 

(NBECS) 

1979 CONSUMPTION AND EXPENDITURES 

NBECS DATA 

APPENDIX A.2.3 

RANGE COI'tP ARISON 
DATA BY TYPE & REGION (j) DATA BY TYPE & SIZE® BUILDING TYPE FOR CaMP AR ISON 

R.qlon 
Avg 8111+ Avg S p Sin AV9. Bill ... AV9.S.f 

$ (000 n 2) S 

R.t.lI/s.t'v;o .. North CM. S .61 <5 S .95 S .61 - .95 

Off to. .... st .63 10 + .92 .63 - .92 

Off_ NorthCM. 1.02 10 + .92 .92 - 1.02 

Offie. South .89 10+ .92 .89 - .92 

EduNtion North CM. .46 5-10 .60 .46 - .60 

[duo.tion South .57 <5 1.33 .57 - 1.33 

[duhtwan ..... t .43 10 + .40 .40 - .43 

Auto ~,"/s.rv;O. NortM .. t .80 10 + .60 .60 - .80 

".lth@ Nort~ •• t N/A <5 or 10 + .73 or .73 - 1.02 
1.02 

(i) NonrH1dtnti~1 BulldW,9S En.r~ Consumption Surv~ - P.,.t 2 - D.c., 1983 - T .bl. 3 

® NonrHldtntwl Buildin9s En.r9~ Consumption Surn~ - P .rt 1 - M."., 1983 - T .bl.s 11 , 12, & 13 

@Most CloMkj A9Prox"imit.S 24-Hour OCCUP.ncll 
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APPENDIX A.2.3 

COMPARATIVE DATA FROM 
NONRESIDENTIAL 8UILDINGS ENERGY 

CONSUMPTION SURVEY 
(N8ECS) 

1979 CONSUMPTION AND EXPENDITURES 

EXPlANATION 

The Nonresidential Buildinos Energy Consumption 
Survey (NBECS) is a careful eccounting of both 
building characteristics and energy use. It was 
conducted once in 1979 on a carefully selected 
semple of about 6,000 buildings. It is significant 
because it is the laroest single data base existing 
$:rOSS all nonresidential build1ng types that is based 
on real building experience and not on computer 
mcxBJ1ng. 

From IiD.Iments available to date, it is possible to ~t 
utility cmts by bulldlng type end region or by 
building type and size not not by type, region, and 
Size simultaneously. For this analysis, it W8S cB:ided 
to report liM both by region and by size es a ran~ 
rather then to select either. The costs by region are 
based on all fuels. The cmts by bui IdtnQ size are 
limited to natural gISS and electricity only. This 
difference is unfortunate but could not be resolved 
within the scope of this analysis. 

It should also be noted that NBECS reports NAverfl1J 
square feet per but IdingN and NAver~ expenditure 
per building {in oollarst. It is easy enough to divide 
the second by the rtrst to arr1ve at average cost per 
square foot es wes 00ne for this analysis. It is not 
clear why NBECS did nat choose to report this figure 
d1rectly. 

Finally, note that the NBECS data base reflects 
1978-79 utility rates. AMlysis of base case 
estimates (see Appendix A.2.6) suooest that between 
1979 and 1983 electric rates Increased to 1481 
II\d gISS rates increased by roughly 301 overall. It 
would be much better for this comparison to increase 
N6ECS data to match the yw of operating data we 
heve for each passive solar building. This is not 
possible, however, from the NBECS published data 
alone. 
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APPEIDIX A.2.4 

COMPARATIVE DATA FROM 

BUILDING OWNERS & I1ANAGERS ASSOCIATION (BOMA) 

".." 

PRO-JECT DESCRIPTIO. BO"A OffiCE BLDG. DATA t10Dlfl ED 
SIZE NO. AYG.UTILSQ; 

COD€ NN'C LOCATION 
COMPARISON LOCATION DATA® 

rr 2 BLOGS $/S.F '/YR. S/S.f./YR. 

MA 

JC 

sa 

lei 

CITY 

Mt. Air .. Mt. Air .. , Nt Ch¥ lott. , NC <50,000 O'Town 1 $1.35 $1.49 

~on Controls S.Jt L •• , UT S~lt l ... , UT <50,000 SuDur'b 3 '$1.30 $1.43 

SM. Stat. Sri ,.,.n., toW MinM~1is, <50,000 Suburb 12 $1.00 $1.10 
MIll 

lew11.,. Stor. ,.,_ .. , ,.,1 MMtson. ,., I <50,00( 5u&)urb 2 $ .62 $ .68 

. 

<D Av,. £1Mtr;ctt'l + A",. Gu, bcludin9 "'.tw. s.yW" Ou..- Ch.,.~s 

® An SOMA ct.t. is per "rnttb1! s.,... foot. For this in.1IIsis, 1~ is McMd to.11 SOMA f;quru. To ~oxim.t •• 
oosts per gross ..... foot 
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APPEXDIX A.2.4 

. COMPARATIVE DATA FROM 
BUILDING OWNERS & MANAOERS 

ASSOCIATION (BOMA) 

EXPLANATION 

The BOMA Exljbarg: Bcpgd publishes office build1ng 
operatinQ costs annually for selected cities in the U.S. 
ThIs data b8S8 was used for Illmparlson with the four 
projects in the program which were most like office 
build1ngs. The four nearest cities with data were 
selected for comparison. BOMA also discgJregates by 
both building size and location. The best comparison 
was selected in both these cases. It should be noted, 
however. that the smallest BOMA SlZ8 ClrtelJlry is 
-under 50,000 square feet- which is significantly 
llrQ11r than Ule passive butld1ngs in the prllTam. 

It is also important to note that the BOMA data base 
CS'I be quIte small for a specif1c categJry. The 
numb .. of build1ngs reporting data is shc7t¥n on the 
table. With so few build1nos reporting, it is possible 
for an operating cost figure to be skewed bedly by one 
or two bs:t (high utility cast) buildings. This should 
be kept In mind when looklna at the comparIsons. 

Finally. BOMA reports operating costs per "rentable" 
square foot whIch Is a smaller number than the 
·~oss" square foot. of e build1ng -- which is the 
besis for the passive buildinos. For this analysiS, 
lOS was ~ to the rentable ~e foot costs as 
reported inBOMA to approximate the gross square 
foot costs for comparIson. AlthouQh reesonable. the 
lOS figure cen be debated. It is an et!8tf metter for e 
r8l!der to alter the data he or she might wish to 
sattsfy 8 different oplnl00. 
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COMPARATIVE DATA 
FROM 

APPENDIX A.2.5 

AlA FOUNDATION -SCHOOLS DATA BASE (AlA/F) 

• Typical New JerSll{ Elementary School (NJ DOE Audit Semple t 0/80) 

39,000 S. F. 
utilities Cost $.78/S.F. Annually 
Use is 1241( Btu/S.F. (Paint of Source) 
Electricity is 7.4C/kWh, Ges is $4.20/MCf 
5.000 HDD aver. 

• Typal New JfJrWf Secondary School (NJ DOE Audit Semp Ie 1 0/80) 

118,500 S. F. 
Utilities Cost $.8 t IS.F. 
U38 15125.831( Btu/S.F. (Potnt of Source) 
Electricity is 7.4C/kWh. Ges is $4.20/MCF 
5,000 HOD aver. 

• Aver. Maryland Public School 

108.500 S. F. 
UtiJities Cost $. 78/S.F. 
Use 1576.51( 6tu/S.F. 
Electricity is 7.1t/kWh, Gas is $6.-tO/MCf 
".700 HOD aver. 

The fioures eboYe were modified by the following percantagas to more c!_ly reflect significant 
cJ1mate dtffereullss: 

CU - Columbia, MO - Current electric rata of 8. 16C/kWh; 
5, t 00 HOD Avo.: No Ct\nJJ 

Cl) - N. Braunfels, TX - Current electric rate of 6. 48C/IcWh; 
t ,600 HOD Avo.: -671 a .25 ElementMy 

.26 Secondary 

01- 0erMr. CO - Current electric rm.e of 6.1SC/kWh; 
6,000 HOD Avo.: +201 = .97 Secondary 
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APPENDIX A.2.S 

COMPARATIVE DATA FROM 
AlA FOUNDATION - SCHOOLS DATA 8ASE 

(AlA/F) 

EXPlANATION 

The AlA FoundlStion has recently completed 8 survey 
of evallable data on energy use and cost in elementary 
and second8ry schools. They found that data on school 
opereting costs per square foot is much more llmited 
than one might expect. In fact, most energy use is 
reported in 8tus per square foot, which f8;lIitates 
comparisons across the U.S. indepemimt of local 
utility rates. Unfortunately. in this case, it would be 
veluable to have thet utility rete informetion. 

MeryJandand New Jersey 00 report ut111ty cost data 
by square foot (ISS shown in TableA.2.5). That ciIta 
was used for comparison with schools or school-like 
bul1d1nQS 1n the Commerc1al 6ul1d1ngs PrlX1ram. 
This data was mooified in two cases to reflect 
slgniffCS1t differences in ci1mate. Because heatinQ is 
the principal energy u~ in s:hools, this mooifiartion 
WISS ciIne basad on heating degree days ( HOD). Uti lity 
rates were JuOJ!Jj to be close enough as not to require 
further modification. 
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PA 

COMPARATIVE DATA FROM 

PROGRAM BASE CASE DEFINITIONS 

(1980 DATA UPDATED TO 1983) 

B .. CASE FUEL COST INFL AT 1011 

Y r y 

IIA"E E [LEC. GASIOIL a [ £LEC GASIOIL 
T 

A II II A A 

R 5.F. ./IrWh S.f. 11th L R ./Ir'&lh •• 11th •• 
~.U.M.C. 80 .06 ...... 27 $2.50 .33 83 816(1) + 959il NA +309l(A) 

COIorMO eo 1.11 ".0. --- ----- 1.17 83 6.4~(5) + 61'J1! ------ --------
~.CoI~ 

Mt.A~ 80 .69 4.12. --- .. ---- .69 83 6.47(2) + :l7'J11! 1------- -------
LiIw.,. 

Johnson 80 .S3 6 .... .12 2.86 .6~ 83 7.08(3) • 11911 NA +30~(A) 

Control. 

s.c.. St.t. 80 1.01 1.3. .12 3.06 1.13 83 7.4 ( .. ) + 1'J11 :1.63(8) +84'1(8) 

B-* 

Gunn1son eo .51 2." --- ----- .51 93 6.45 (5) +148911 ------- -------
Airport 

RPI Pol;':' 80 1.07 5.0. --- ----- 1.07 93 10.7(6) +114~ ------- -------
St.t_ 

I<;'ff ... eo .33 5.4. .17 :1.60 .50 83 6.91(7) + 26~ NA +309l(A) 
Sto,.. 

COI"iWI Co. 90 .47 4.6. .13 3.35 83 6.48(9) . "'~ NA +30"(A) 

Phl1~ Auto 83 .42 10.0. .11 6.04 .--- -- ACTUAl BUILDING PRE-RETROFIT-----
I '111 0;1. 

(1) Mlssour1 Pub l;c s.rv;c. Co. 
(2) Cwo lin. Po"" ... & LMJf\t 
(3) Ut .. Po"".,. & Li9ht 
(4) '&I.n. Publio Utlht;.s 

.93 

(:S) Public s.rv_ of Cow" 
(6) C.ntnl Hudson Gu & E~tr;o 
(1) 'Wisconsin Po"".,. & L iqht 
(8) T .... Utiht;.s Co. 

6.57 

- F,.om M.,.,.iI1 L~nch Utilit,.s R.s .. ,.ch Group 
R.,..t D.t~ Auqust, I '384 

(A) Av .... U.s. N.t"nl Gu P,.;c. Inc,. .. s. 1990-1983-3095 Comput~ f,.om 
Annu4i1 Rf1MWt of E".,..,. Cons.,.v.tion Ind1C.tO,.S - U.S.E.I.A. - J ..... '84 

(8) P"p", a.. 

NOTE: RPI B. .. C ... 01.,.0 to R.fl.ct 24-Ho\r Us. - s .. Expl.".hon. 
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APP.ENDIX A.2.6 

.J 

REYISED BASE CAS[ 

[LEC GAS TOTAL 

I/SF S/SF S/SF 

.11 .35 .46 

1.88 --- 1.88 

1.08 --- 1.08 

.59 .16" .75 

1.01 .22 1.23 

1.26 --- 1.26 

2.29 --- 2.29 

.42 22 .64 

.66 .17 .83 

------- ----- -1.46 
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APPENDIX A.2.6 

COMPARATIVE DATA FROM 
PROORAM SASE CASE DEfiNITIONS 
(1980 DATA UPDATED TO 1983) 

EXPlANATION 

M exp lained 1n Chapter III, each design temn in the 
project was required to propose or define 8 "base 
case" bul1d1ng to represent (}lOO but not necessarHy 
energy efficient design within the ere8 end of a 
similar type as the passive building being designed. 
Th1s base esse selection process was further j u()Jed 
by 8 jury of program monitors to pass on the 
fairness of the base esse selected. In several cases, 
th8 bat os was another building owned or oper~ed 
by the passive building owner. In most other cases, 
comparable bulldtnQS were found or carefully 
specified. . 

In nearly all cases, bese esse ut111ty costs were 
reported at t 980 utility rates. These rates and the 
resultino estimate of base esse annual ut111ty costs 
are shown on Table A.2.6. In orti3r to make a more 
fair comparison, these base esse costs were mooified 
to reflect apprOXimate ut111ty rates for t 983 -- the 
YfIfJI' for which we heve the majority of ectual 
bulldtng operating data. Current lcesl utility rates 
were teken from a national survey prepared by 
Marrill Lynch. Natural gas rates were increased by 
the naUonal aver. increese for the perioo from an 
EIAnporl 

In one case, RPI, the base case was mod1fled more 
substantially to reflect more closely current U5e of 
the building. The original base case had assumed 
occupancy 8 hours per dey. In fs:t. the bullCl1ng Is 
now used on a 24-hour basis. Lacking better 
information, 11Qhtlno cost was cDubled and both 
he8tlng end coohng costs were incre85ed 201 to 
reflect this change in use. 
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APPEND1X A- 3 
PROJECT TEAM MEMBERS 

PQOJ. PROJECT 
~ ~ PROJECT CONTACT 

JC 

T1I 

JOHNSON MR. JOHN SCHADE 
CONTROLS CALIFORNIA ENERGY CO~ISSION 

922 VANOERB ILT WAY 
SACRAMENTO. CA 95825 

M 
RIVERS 
ALASKAN 
SCHOOL 

(916) 922-0882 (H) 

MR. JOHN REZEK 
OEPART~HT OF TRANSPORTATION 

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

FAIRBANKS HORTl! STAR BOROUGH 
520 5TH AVENUE. PO BOX 1267 
FAIR8ANKS, AK 99701 
(907) 452-4761 

ED ESSEX 141. CARL XUPPE 
BALTIMORE COUNTY AGING 

PA 

CM 

CO 

CU 

DORSEY 
SENIOR 
CEHTER 

ABRAMS 
PRI/WIY 
SCHOOL 

~T. AIRY 
LIBRARY 

PHILADEL­
PHIA 
MUNICIPAL 
AUTO 

COLORAOO 
~UNTAIN 
COLLEG£ 

COML 
COUNTY 
~ENTAL 
HEAL Tl! 
CENTER 

CO,,",. 
UN I TEO 
>lETH. 
CHURCH 

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

OR. JACK HALE. SUPT. 
BESSE~R BOARD OF 

EDUCATION 
412 17TH STREET. NORTH 
aESSE~ER. AL 35020 
(205) 424-9570 

141. JOIfl VE ST 
ClTY OF ItlUNT AIRY 
P.O. BOI 70 
MT. AIRY. He 27030 
(919) 786-8437 

MR. RICHARD TUSTIN 
CITY OF PHILADELPHIA 
DEPT. OF PUBLIC PROPERTY 
~OO~ 1650 
1070 MUNICIPAL S£RVICE BLDG. 
15Tl! .. Jf1( BLVD. 
PHILAOELPHIA. PA 19107 
(215) 686-4452 

141. II!. BOWDEN (ON BEHALF OF 
141. F. DEAN L ILLlE, PRES.) 
COLORAOO ~UNTAIN COLLEG£ 
P.O. BOI 10001, 1B2 .... 6TH 
GlENWOOD SPRINGS. CO 81601 
(303) 945-9196 

141. !lANDY lilA TT (ON BEHALF OF 
MA. ELLIOTT KNOI) 
COML COUNTY "IENTAL HEAL THI 

"'ENTAL RETARDATION CENTER 
511 '«lATH STREET 
NEW SRAUNFELS. Tl 7B130 
(512) 025-1359 

MIl. WILLIAM H. ~ILLER 
COLLEGE OF ENGI NEER I KG 
UNivERSITY OF I'!ISSOURI AT 

COLUM81A 
COLUMS IA. ~ 65201 
(314) 882-3550 

SOLAR DESIGNER 

I"R. DONALD WATSON, FAIA 
730 MAIN STREET 
BRANFORD. CT 06405 
(203) 488-6384 

MR. RICHARD SEIFERT 
COOPERATIVE EXTENSION S£RVICE 
UNIVERSITY ey: ALASKA 
FAIRBANKS. AK 99701 
(907) 474-7201 (CAN ALSO BE 
REACHED AT 474-79B7) 

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

MR. OAV 10 PEACHER 
ADAMS PEACHER KEETON COSBY 
2201 MORR IS AVENUE 
BIRNINGHAM, AL 3S2D3 
(205) 328-1100 

141. /WIt SClHFF 
EDWARD ~ZR IA .. ASSOC. 
P.O. BOI 4883 
ALBUQUERQUE, ,.. 87196 
( 50s) 243-9639 

OR. CHARLES BURNETTE. PH.D. 
AlA 

CHARLES BURNETTE .. ASSOC. 
234 SOUTl! 3RD STREET 
PHILADELPHIA, PA 19106 
(Z15) 925-0844 

I"R. ~TT CROSBY 
THERNAL TECHNOLOGY CORP. 
BOI 130 
SNOWMASS, CO 81654 
( 303) 963- 3185 

I"R. DAN OEFFENBAUGH 
SOUTHwEST RESEARCH INST. 
6220 CUlEBRA ilOAO 
SAN ANTONIO, TX 7B284 
(512) 684-5111. EXT 2384 

MIl. NI CHOLAS PECKHAM 
PECKHAM & wRIGHT ARCH. 
1104 E. BROAOWAY 
COLUMBIA, M() 65201 
( 314) 449-2683 
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ARCHITECT 

MR. OOUGLAS ORAKE 
JOHNSON CONTROLS. INC. 
P.O. 80X 423 
507 E. MICHIGAN STREET 
MILWAUKEE, WI 53201 
(414) 276-9200 

MS. JANET MATHESON 
2035 HILTON STREET 
FA I RBANKS. AK 99701 
(907) 452-4640 

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

I"R. BOB OOLNYI 
MS. BARBARA SANDRISSER 
PETER O. PAUL ARCH I TECTS 
27 W. 20Tl! STREET 
NY. NY 10011 

I"R. OAVID PEACHER 
ADAMS PEACHER KEETON COSTY 
2201 MORRIS AVENUE 
BIRMINGHAM. AL 35203 
( 205 l .328-1100 

141. GARY HORGAN 
OPR ASSOCIATES 
2036 E. 7th STREET 
CHARLOTTE. Nt 2B204 
(704) 332-1204 

OR. CHARLES BURNETTE. PH.D. 
AlA 

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

MIl. PETER OOBROVOLNY 
SUNUP 
ORAWER 340 
OLD SNOWMASS, CO 81654 
(303) 927-3369 

MIl. JOE STUB8LEF IELO 
JOE STUB8LEF tELO. ARCH. , 

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

MIl. NICHOLAS PECKHAM 
PECKHAM .. WRIGHT ARCH. 
1104 E. BROAOWAY 
COLUMBIA. ~ 65201 
(314) 449-2683 

INSTRUMENTATION TEAM 

MR. BRENT NEILSON 
JOHNSON CONTROLS. INC. 
P.O. 801 31806 
SAL r LAKE CITY, UT 84130 
(801) 973-4001 

MR. RICHARD SEIFERT 
COOPERATIVE EXTENSION SERVICE 
UNIVERSITY OF ALASKA 
FAIR8ANKS, AI( 99701 
(907) 474-7201 

NANCY COLEMAN 
ESSEX OORSEY SENlffi CENTER 
600 OORSEY AVENUE 
ESSEX, MIl 21221 

& 
MIl. B08 OOLNY 
PETER O. PAUL AACH !TECTS 
27 W. 20TH STREET 
NY. NY 10011 

MR. ROLAND McWILL!AMS, P .E. 
McWILLIAMS ASSOCIATES 
1824 28th AVENUE SOUTH 
BESSEMER. At 35209 
(205) 870-4936 

MR. BILL SANOERS 
J.N. PEASE ASSOCIATES 
P. O. BOX 18725 
CHARLOTTE. NC 28218 
(704) 376-6423 

OR. CHARLES BURNETTE, PH.O. 
AlA 

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

MR. PETER OOBROVOLNY 
SUNUP 
ORAWER 340 
OLO SNOWMASS. CO 81654 
(303) 927-3369 

MR. DAN OEFFEN8AUGH 
(SEE SOLAA OEStGNER) 

MR. '.ILL!AM H. MILLER 
COLLEGE ey: ENGINEER!NG 
UNIVERSITY OF MtSSOURI .U 

COLUMBIA 
COLUMBIA. i"Il 65201 
(314) 882·3550 

.-
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PROJ, PROJECT 

~~ PROJECT CONTACT 

SR 

GU 

PS 

PP 

RP 

SB 

TG 

WF 

SM 

SHELLEY 
R lOGE 
PROGRAN 
CENTER 

GUNNISON 
COUNTY 
AIRPORT 
TERMINAl. 

KIEFFER 
STORE 

PRINCETON 
SCHOOL OF 
ARCH/UR8AN 
PLANNING 

MS. JUO I TH HELDER 
EXECUTIVE DIRECTOR 
GIRL SCOUTS OF 

GREATER PHILADELPHIA 
7 BEN FRANKLIN PARKWAY 
PHILADELPHIA, PA 19103 
(215) 564-4657 

MS. OOROTHY M. JOHNSON 
GUNN I SON COUNTY 
200 E. VIRGINIA AVENUE 
GUNNISON, CO B1230 
(303) 641-0248 

MR. GOROON O. KIEFFER 
821 TURNER STREET 
WAUSAU, WI 54401 
(715) 845-6787 

MR. JOHN HLAFTER, DIRECTOR 
OFFICE OF PHYSICAL PLANNING 
PRINCETON UNIVERSITY 
MACMILLAN BUILDING 
PRINCETON, NJ 08540 
(609) 452-3503 

PR I NCETON MR. MIKE GLOGOFF 
PROFES- 2303 WHITEHORSE-MERCERVILLE 
SIONAL PARK ROAO 

RPI 
YISITORS 
CENTER 

SECURI TY 
STATE 
SANK 
OF 
wELLS 

MERCERYILLE, NJ 08619 
(609) 587-2900 

MR. R I CHARO E. SCAllMEL 
RENSSELAER POLYTECHNIC INST. 
110 8th STREET 
TROY, NY 12181 
(518) 266-6281 

MR, PAT ~ART 

SECURITY STATE BANK OF WELLS 
32 S. BROAOWAY 
WELLS, MN 56097 
(507) 553-6Jll 

TOULIATOS MR. PLATO TOULIATOS 
GREENHOUSE 2020 BROOKS ROAO 

MEMPHIS, TN 38116 
(901) 346-8065 

WALKER 
FIELD 
TERMINAl. 
BLOG. 

MR. MIKE BOGGS, AIRPORT /!GR. 
PUBLIC AIRPORT AUTHORITY 
WALKER FIELD TERMINAl. 
2828 H ROAD 
SUITE 211 
GRANO JUNCTION, CO 81501 
(303) 244-9120 

ST. MAllY'S OAYIO R. GALLAGHER (ON BEHALF 
GYMNASIUM OF MOST REYEREND THOMAS WELSH) 

210 H. GLEBE ROAD 
ARL INGTON, VA ZZ203 
(703) 841·2500 

SOLAR OES IGNER 

MR. DAVID F. HILL 
BURT HILL ~DSAR RITTELMANN 

ASSOCIATES 
400 MORGAN CENTER 
BUTLER, PA 16001 
(412) 285-4761 

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

1455 OAK' CIRCLE 
BOULDER, CO 80302 
(303) 447-2218 

MR. BRUCE KIEFFER 
2701 PEny ROAO 
MUNCIE, IN 47304 
(317) 284-8281 
(317) 285-4173 (OFF. ""W) 

MR. HAIIR I SON FRAKER, JR. 
HARRISON FRAKER, ARCH. 
575 EWING STREET 
PRINCETON, NJ 08540 
(609) 921-1965 

/011. LAWRENCE L. LlNOSEY 
PR I NCETON ENERGY GROUP 
575 EWING STREET 
PR INCETON, NJ 08540 
(609) 921-1965 

OR. JOHN TI CHY OR 
DR. WALTER M. KRONER, 
RENSSELAER POL vrECHN IC I NST • 
MECHANICAL ENGINEER SCHOOL 
TROY, NY 12181 
( 518) 266-6432 

MR. JOHN WE I OT 
JOHN wE lOT ASSOC., INC. 
110 WEST SECOND STREET 
CHASKA, MN 55318 
(612) 448-6464 

MR. PLATO TOULI ATOS 
2020 BROOK S ROAO 
MEMPHIS, TN 38116 
(901) 346-8065 

OR. JAIl F. KREIOER, P.E. 
& ASSOC. 

1455 OAK CIRCLE 
BOULDER, CO 80302 
(303) 447-2218 

MS. BELINDA REEDER 
ARCHETYPE, SUITE 202 
1841 COLuM8IA RD., .'61 
WASH INGTON, DC 20009 
(202) 265-7565 

MR. WILLIAN GLENNIE 
DESIGN ANALYST 
225 S. HARRISON STREET 
PR I HCETON, NJ 08540 
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ARCHITECT 

MR. FRAr« GRAUMAN 
BOHLIN POwELL LARKIN CYWINSKI 
182 N. FRANKLIN STREET 
WILKES-BARRE, PA 
(717) 825-8756 

MR. LEON H. WALLER 
ASSOCIATED ARCHITECTS OF 

CRESTEO BunE 
207 ELK AVENUE, BOX 1209 
CRESTEO 8UTTE, CO 81224 
(303) 349-5353 

MR. BRUCE KIEFFER 
(SEE SOLAR DESIGNER) 

MR. JIM HAUFMAN 
HARRISON FRAKER, ARCH. 
575 EWING STREET 
PRINCETON, NJ 08540 
(609) 921-1965 

SHORT & FORD 

OR. WAL TEA M. KRONER 
RENSSELAER POLYTECHNIC INST. 
SCHOOL FOR ARCH. RESEARCH 
SCHOOL OF ARCH I TECTURE 
TROT, NY 12181 
(518) 266-6461 

MR. JON THORSTENSON 
GENE E. HICKNEY & ASSOC., 

INC. 
6950 FRANCE AYENUE, SOUTH 
EDINA, MN 55435 
(612) 920-1881 

MR. PLATO TOULIATOS 
2020 BROOKS ROAD 
MEMPHIS, TN 38116 
(901) 346-8065 

MR. JOHN PORTER 
JOHN PORTER, ARCHITECTS 

& PLANNERS 
P.O. BOX 806 
~ANO JUNCTION, CO 81501 
( 303) 245-2000 

MR. DAV 10 GALLAGHER 
ARCHITECTS GROUP PRACTICE 
300 N. WASHINGTON ST., 1330 
ALEXANORIA, VA 22314 
( 703) 549-0809 

INSTRUMENTATION TEAM 

NANCY 0/ I SHER 
OCCUPANCY FORMS 
SHELLEY RIDGE PROGRAM CENTE" 
MANOR ROAO, P.D. BOX 55 
MIQUON, PA 19452 
(215) 487-0452 

MR. JAY YANS 
ASSOCIATED ARCHITECTS OF 

CRESTED BUTTE 
207 ELK AVENUE, BOX 1209 
CgESTED BUTTE, CO 81224 
(303) 349-6188 

MR. SRUCE ~IEFFER 
(SEE SOLAR DESIGNER) 

MR. LAWRENCE L. LINDSEY 
pqlNCETON ENERGY G"OUP 
575 EWING STREET 
PRINCETON, NJ 08540 
(609) 921-1965 

MR. LAWRENCE L. LINDSEY 
PRINCETON ENERGY GROUP 
575 EWING STREET 
PRINCETON, NJ 09540 
(6u9) 921·1965 

OR. J.A. TICHY 
RENSSELAER POLYTECHNIC r~sT. 
MECHNICAI. ENGI.~EER SCHOOL 
TROY. NY 12181 
(518) 266·6432 

MR. JOHN WEIDT 
JOHN WEIDT ASSOC., :,~C, 
110 II. SECOND STREET 
CHASKA, MN 55319 
(612) 448-6464 

MR. PLATO TOULI.~TOS 
2020 BROOK S ROAD 
MEMPHIS, TN 38116 
(901) 346·8065 

MR. DAVID VODER 
YODER ENGINEERING 
BENCHMARK PLAZA 
SUITE 307 
P.O. BOX 5740 
AVON, CO 81620 
(303) 949-1191 

MR. ROBER T P. SCHUBER T 
ASSISTANT PROFESSOR 
ARCHITECT ~ E.~VIRON. OES!GN 
VIRGINIA POLYTECHNIC I~sr. ~ 

STATE UNlvERSlrv 
201 COG. ILL HAL, 
BLACKSBURG, VA 24061 
(703) 961·7736 



APPENDIX A- 4 
OTHER PROGRAM DOCUMENTS AVAILABLE 

Several other documents which 
report various aspects of the DOE 
Non-Residential Experimental Buildings 
Pro~r~ are avai 1ab1e. The following is 
a 11stlng and a short description of 
each. 

1. Design Overview: Passive Solar 
Energy for Non-Resldentlal 
Buildings. This overview describes 
patterns that emerged from the 
design of the program buildings. It 
focuses on the design process and 
predominant design strategies. Will 
be available from the U.S. 
Department of Energy in 1985. 

2. Passive Solar Commercial Buildin 
Program, ase tu 1 es ay . 
ThlS lS a collectlon of two to four 
page case studies describing the 
design of the 22 buildings that 
participated in the design phase. 

. Avanable from the National 
Technical Information Service, U.S. 
Department of Commerce, Springfield 
VA 22161 in print and microfiche, ' 
DOE/CE-0042. 

3. Performance Case Studies: Passive 
Solar Energy for Non-Resldential 
Buildings. this is a collectlon of 
case studies reporting the 
pe~fo~mance of the 17 program 
bUl ld lngs that were bui lt and 
instrumented. Four of them yield 
extensive data, allowing conclusions 
to be drawn as to why they performed 
as they did. Will be avanable from 
the U.S. Department of Energy in 
1985. 

4. 

5. 

6. 
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"Energy Effects of Electric Lighting 
Control Alternatives ln Response to 
Daylighting" (1984). This report 
presents results from studying the 
south-facing apertures. on two 
buildings, investigating the 
effectiveness of manual control of 
light~ng ~ystems on heating, cooling 
and 11 ght 1 ng energy. Av ai 1 ab 1 e from 
Lawrence Berkeley Laboratory 
Passive Research and Develop~ent 
Group. 

"Thermal Mass Total Building Analysis" 
(f~85). This report analyzes the 
e ects of the amount and exposure of 
thermal mass, including effects on 
acoustics and temperature setbcks 
Will be available from Lawrence . 
Berkeley Laboratory, Passive Research 
and Development Group. 

Passive Solar Experimental Building 
Archlve. Thls archive houses and 
disseminates project data in both 
~ardcopy and computer form. Data 
lnclude individual project data, 
mon~hly measured data, hourly 
monltored data, and system studies 
on o~cupant and energy issues. 
ArchlVe Users Manuals are available 
from the American Institute of 
Architects Foundation, 1735 New York 
Avenue, N.W., Washington D.C. 
20006. ' 
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