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Solar Works--It Works Now 

Dr. Donald E. Anderson 
Director 

Mid-American Solar Energy Complex 

During the course of this Solar Update conference, we are going to be hearing 
descriptions of projects that amount to being "solar successes." Some have 
involved setbacks or difficulties, of course, and you'll be hearing about 
those, but in the main they have been representative of solar applications 
that wor~ ... now. There are those who, for various reasons, like to depict 
the pursuit of solar energy as a kind of warm, romantic adventure that may 
make the pursuers feel good, but doesn't bear much relationship to reality. 
For those of us who are still burdened with solar inferiority complexes ... 
it's time to drop them. What reasoned individual, after all, can still argue 
that solar is within the exclusive purview of Buck Rogers? It no longer 
serves anybody's purpose to be negative about this or any other alternative 
energy form. None of us think that solar can supply 100% of our energy 
needs in the foreseeable future, even if we curb our voracious national 
appetite for fuel. But it can provide an important portion of the alterna­
tive energy mix that we must develop if future generations are not to be 
subjected to a significantly diminished quality of life from the one to which 
we have become accustomed. 

The story is told that Thomas A. Edison sunk a good deal of the income which 
his corporation had earned from the phonograph and moving pictures in attempt­
ing to develop the electric light bulb. At an annual meeting of his corpor­
ation a disgruntled stockholder asked him to describe what they had done 
with all the research and development expenditures. "We now·know," Edison 
replied, "10,000 ways not to make a light bulb!"· 

The rest is history--a way was found which did work, and the electrical 
industry was spawned by that demonstration. There is a parallel in this 
story which I propose to apply now to the emerging solar industry. The 
question is "Does solar energy have the capability of providing a meaningful 
contribution to our energy needs in the near term, with acceptable cost, 
reliability, and energy efficiency?" 

The message is that, once one successful application can be found, there is 
no virtue in describing even 10,000 ways which did not work. Solar works-­
it works now--and it will evolve in the future into R major induotry. Su~h 

applicatious can be found and cited, not once, but hundreds of times! 

Solar energy is not "all things for all applications" today, nor is it likely 
to be in the near future. There is virtue in examining both successes and 
failures as giving guidance; Fro~the successes, we can determine what works 
best for a given application and whether that best is good enough. From the 
failures, we also learn; what to avoid in trying new things, what to look for 
in making intelligent decisions "to buy or not to buy." 
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Those of us from within-the Mid-American Region are well acquainted with the 
task facing us. Climatological conditions are sufficiently intense and our 
energy production sufficiently miniscule so that the rest of th~ nation 
could temporarily enjoy an energy surplus by ceding us to Canada if it could 
fathom a way to feed itself thereafter. 

The people you are going to be hearing from have proven that there are 
alternatives to strengthening the rest of the world's currency and that they 
have immediate applicability. The public doesn't need convincing; they are 
telling us that they want a measure of economic self-determinism. They are 
questioning just how much of their disposable income it is worth just to 
keep their homes warm in the winter months. 

The people who do need convincing include those in the lending, appraising, 
and educational sectors. The peers of some of us here today, whether they 
be engineers, architects, builders or contractors, are also important 
decision~makers. Others include public sector groups--those who establish 
incentives and set rates, those who establish codes and standards, those who 
establish public policy in commerce and welfare areas. 

Nationally, a goal of providing 20% of our energy needs from renewable 
sources by the end of the century has been established. Such a goal can be 
met if and only if a number of decision-makers in the public and the private 
sector are provided with thorough, regionally specific, credible· information 
on which to base their decisions. 

The four Regional Solar Energy Centers which have been established by the 
United States Department of Energy are intended to provide a focus for the 
acceleration of the commercialization process for solar energy applications, 
and for conservation integral to solar applications. Meetings such as this 
one--in which detailed discussions of lessons learned in real field 
applications of solar energy--are good examples of what needs to be done 
in all twelve states served by MASEC. We are all here to learn and to 
share experiences of what works and what doesn't--of what to do again as it 
has been done, and of what :to avoid. In this way we can accelerate solar 
utilization--we can develop a new industry. 
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INTRODUCTION: 

Design and Construction of Two 
Passive, Solar Residences: 

Sondreal Residence, Amery, Wisconsin 
Passive Solar Retrofit, Minneapolis, Minnesota 

by: Pete1· John Pfistet 

The Department of Housing and Urban Development awarded two grants to the 
author under RFGA-8600i one a design award for a residence constructed in 
Amery, Wisconsin; the second a design award for a retrofit of the authors 
residence in Minneapolis. Both projects are nearing completion as of 
June 15, 1979. 

SONDREAL RESIDENCE: 

A private single family residence was designed for a family of four in 
the small town of Amery in Northwestern Wisconsin. The site selected 
was a corner lot with access from the street on the east and with a 
potential street extension on the South. The site is essentially flat 
with no significant vegetation. 

The design solution was to locate the 1,700 square foot residence on the 
northeast end of the 300 1 x 150 1 lot with the garage on the north side 
of the residence and primary living areas oriented south with access to a 
patio/courtyard (see Figure 1). The house is nearly cubic in configera­
tion to minimize envelope area and construction costs. The floor plan 
was split along an east west line so that there is a half level change 
between major living areas (see Figure 2). This allowed the activity 
areas to be located a half level below grade . The outdoor patio area, 
which is also a half level below grade will be shielded from the future 
street on the south with additional berms and planting. 

The passive solar system is a direct gain type with thermal storage in 
exposed masonry walls, concrete floor finished with quarry tile supple­
mented with water wall storage. A summary of major design features 
include: 

1. Net south facing aperture area of 255 square feet. 

2. 7,500 BTU/OF thermal storage in floor, walls, and water starage. 

3. Masonry storage walls are standard concrete blocks filled with 
sand and finished with 11 Block Bond 11

• 

4. Garage entrance and formal entrance at east, opposite prevail ing 
winds. Main family entrance through vestibule from garage. 
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5. Operable windows allow cross ventilation through house supple­
mented with wind turbine at light monitor . 

6. All activity rooms are oriented south and east, with patio at 
south and garage and formal l i ving areas at northwest. 

7. Landscape plan to develop windbreak at northwest, deciduous 
Ln~e!) d L south. 

8. Well insulated building shell with R21 sidewalls and R40 ceiling. 

9. Triple insulated glass on north east and west (minimal), double 
insulated glass on south with movable night window insulation . 

10. Simple air distribution system which allows warm air to rise and 
flow through major spaces and then circul ated with the furnace 
fan. 

The passive solar contribution is estimated to be 55 percent with a 
common basis figure of 3.3 BTU/00/SF. 

The residence was completed and occupied in late June, 1979. 

PASSIVE SOLAR RETROFIT 

An 1,800 square foot, two story frame residence located in South Minnea­
pol i s was purchased by the author in June, 1978. The residence, built 
in 1920, was insulated during the summer of 1978. Polystyrene beads were 
blown into the sidewall cavities to achieve R-16 and the attic was insul­
ated to R-40. Additional weatherstripping, caulking, installation of 
water-saving showerheads and laundry reduced the annual gas costs from 
$750 to $300. 

The major window orientations were to the north and west, with a 11 Sunroom11 

located on the northwest corner of the building. The building had very 
few windows on the south and poor orientation to the back yard on the 
south. 

In May, 1979, construction of a passive solar retrofit was commenced 
(Figure 4 shows the renovation in progress). The major thrust of the 
retrofit was to increase the glass area on the south, increase thermal 
mass within the building and improve the relationship between the living 
areas and the rear yard. 

The goals of the project are: 

1. Improve thermal envelope of the existing building; 

2. design and install a simple passive system with typical compon­
ents that can be used on other retrofit projects; 
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Figure 4. Retrofit From South During Construction 
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3. optimize use of passive solar gain; 

4. interface with existing heating system; 

5. thermally insulate windows at night time; 

6. integrate thermal mass into an existing building; 

7. improve the function and aesthetics of an existing residence; 

8. improve the cross ventilation characteristics of the house for 
surroner cooling; 

9. assess the impact of passive system by instrumenting and monitor­
ing the building; 

10. assess the effectiveness and problems of movable window insula­
tion; 

11. publicize the results of the project to promote the use of passive 
solar energy. 

12. development of principles applicable to other retrofits . 

. The key components of the project are: 

1. 220 net square feet of south glazing 

2. thermal storage in new and existing concrete flooring 

3. waterwall thermal storage augmented with thermal siphoning air 
collector 

4. distribution of passive solar heat augmented with fan and duct 
air system 

5. movable window insulation to protect new and existing windows. 

6. retrofit construction in a typical urban area 

The existing windows of the residence are located mainly on the north 
and west elevations of the house. The south elevation had few existing· 
window areas that were enlarged to accept more passive solar gain and to 
make the ho~se relate better to the rear yard. The major passive collec­
tion areas added are: 

1. The addition of an a• x 12• two story high sol ari urn to the k.i t­
chen/breakfast area. This sunspace will allow direct gain toithe 
building and allow the warm air to rise to the ceiling where it 
will be circulated to other spaces on the north side of the 
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residence. The basement space under the kitchen and dining rooms 
originally was a drive under garage approached from the north. 
The ceiling of the former garage was constructed of 10 11 thick 
concrete to serve as a fire protection. This concrete will be 
insulated underneath and used as thermal storage. 

2. The stairway landing leading to the second floor was projected 
out to accommodate water storage tubes. This waterwall area is 
glazed on both the inside and outside to provide an enclosed 
chamber. Additional glazing is located on the opaque wall below 
the waterwall to serve as a thermosiphoning air collector to 
boost the temperature in the confined waterwall space. Warm air 
will be withdrawn from the top of the waterwall space by a fan 
and distributed through the house, or the interior glazing can 
be opened to allow convective and radiation transfer. 

3. The small windows in the window bay at the living room south wall 
were removed and replaced with glass doors to allow direct gain 
to the living room. 

4. Additional glazing was installed in bedroom #3. 

The existing gas.fired .140,000 BTU/hr. boiler will be modified to reduce 
its capacity to about 60,000 to 80,000 BTU/hr. to reduce cycling. The 
gravity hydronic system may be fitted with a circulating pump to improve 
the response time and minimize overheating if this continues to be a 
problem after the boiler output is reduced. 

Because of the existing hydronic heating system and room structure of 
the residence, a limited air moving system will be installed to distri­
bute heat from the warm sunny spaces to the cooler north spaces. Exposed 
metal spiral ducts will be hung below the existing ceilings (9'-0 11 

ceiling height first floor, 8'-6 11 height second floor). Each room will 
be fed with a duct above the door head and the diffuser will be equipped 
with a damper to control output and to shut off the room if desired. 

The building heat loss has been calculated to be about 65,000 BTU/hr. 
(85° temperature differential). The solar heating fraction using this 

. heat loss is estimated to be about 45% with a common basis figure of 5.9 
BTU/DO/SF. However, during monitoring over the past year, the heat loss 
was estimated to be about 45,000 BTU/hr. at design conditions, so that a 
larger solar heating fraction may be realized. 

SUMMARY: 

Both residences wil·l be operated for their first heating seasons in the 
1979-80 winter. The retrofited building will be extensively instrumented 
and monitored (under separate DOE funding) during that heating season 
and the ·results will be reported at future conferences. 
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A SOLAR HEATED GARDEN APARTMENT COMPLEX 
LEADS TO MORE & MORE SOLAR SYSTEMS 

Gustavus G. Hancock, Ph.n. 

INTRODUCTION 

The economir pressure of increa~lugly higher operating costs, particularly 
fuel costs, upon non-profit institutions is severe. Their mechanisms for 
increasing operating revenues are more limited than those of many businesses, 
and the life cycle of their buildings is frequently much longer. It was in 
this context that Great Lakes Solar Engineering, Inc., was retained by the 
Ray Graham Association to design and build a solar system for their new garden 
apartment complex, Sunrise Courts. 

The building, designed by Weese Seegers Hickey Weese, Ltd . , houses 22 
physically handicapped persons, all in wheelchairs . This dictated a single 
story building, with the disadvantage of increasing the building heat load 
on a per square foot basis compared to a building with a smaller thermal 
envelope. The advantage of this design, however, is that it presents a 
larger potential area for solar collector erection. The completed building 
is shown in Ftgure 1 . 

The project has a HUD solar demonstration grant, and it is an instrumPntPd 
proj Pr. t. 

SOLAR DESIGN DATA 

Building Heating System: 

Building floor area - 11 , 400 ft
2 

Solar Collector area for heating building- 4,011 ft
2

, single glazed 
Chamberlain steel absorber plate collectors, black chrome absorber surface. 

HEAT STORAGE: 20,000 gallons water, underground uninsulated steel tank, 
buried underneath building inside insulated footing of building. 

OPERATION: 50% ethylene gl ycol/50% water circulated through solar coll ectors 
and shell side of shell and tube heat exchanger, transferring heat into under­
ground water heat storage tank. Building is zone heated, with 8 York (Borg 
Warner) water-to-air heat pumps, drawing water from underground storage tank 
in closed loop. Electric coils used for heating back-up. 

DOMESTIC HOT WATER SOLAR SYSTEM: 

2 336 ft single glazed Chamberlain steel absorber plate collectors, black 
chrome absorber surface. 

PRE-HEAT TANK: 336 gallons 

Taco SSM Heat exchanger system, with propylene glycol circulated through 
solar collectors. Secondary heating by 350 gallon electric heating tank, 
with recirculating system. 

339 



w 
.p. 
0 

F I G U R E 1 



SOLAR DESIGN, BUILDING HEATING SYSTEM 

The basic design is a solar-assisted heat purn~ ~ystem. Figure 2 shows the 
operation of this system. 

The fundamental advantages of this concept are multiple. Seasonal heat load 
and solar climatic conditions in the Chicago region lead to an optimum solar 
design with approximately 65-75% of the building heat provided by the solar 
system, and the balance by the electric heat input. The water-to-air heat 
pumps operate within this range, with approximately .67% of the heat output 
of the heat pumps coming from the water source (solar heated), and 33% 
coming from the electric power consumed by the compressor and air circulating 
fan. Additionally, the use of heat pumps pe~its the oper~tion of the solar 
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collector system and heat storage tank at much reduced temperatures. The 
construction cost savi.ngs and increased efficiency of the solar collector are 
both multiple and large. 

The solar heated underground water storage tank has a normal operating range 
of 45-60 degrees Farenheit. Operating experience has shown the heat pumps 
can operate with water as low as 41 degrees, and the upper limit is 90 degrees. 
This wide range permits storage of a high quantity of heat per unit volume 
of water. Since the water temperature is at or below ground temperature for 
the depth of the tank, no tank insulation is required. In fact, during the 
peak heating load season some heat is actually gained from the surrounding 
earth. In the months prior to the winter heating season, the solar system 
is operated to heat up the storage tank and surrounding earth with the earth 
acting as a storage battery. During this period, the solar system is used 
to "charge up" the earth surrounding the storage tank. 

The operation of the heat storage tank and solar collectors at such a moderate 
temperature additionally increases the instantaneous solar efficiency of the 
solar collectors. Much of the piping to the solar collector arrays is run 
inside the building thermal envelope and with the operating temperature of the 
glycol loop close to the normal room temperature, the need for insulation of 
the piping is eliminated - a substantial cost reduction. 

SOLAR DESIGN, DOMESTIC HOT WATER SYSTEM 

The domestic hot water solar system is completely indepe~ent of the building 
heating system. It was designed to solar heat a pre'..:..heat:<tank, which then 

.. fee~s into a standard electrically heated tank. A modular Taco Solar Systemi­
zer was used, with the solar collector fluid circuit and the pre-heat tank 
water simply "plugged into" the module. The initial design called for two 
350 gallon pre-heat tanks, with 336 ft2 solar collector area. Budget reduc­
tions and space limitations forced the elimination of one 350 gallon pre-heat 
tank. 

CONSTRUCTION 

Relatively few construction problems were encountered. All copper piping was 
used in the antifreeze and heat pump water circulating systems. A critical 
design problem was the connection of the solar collectors to the header pipes 
to permit adequate thermal expansion and contraction. Silicone hoses with 
clamps are expensive, and were judged prone to leaking over the long term. 
Flexible hydraulic hoses are also expensive, when considering that 414 are 
required for the 207 solar collectors. The problem was solved by using a 
specially fabricated "S" shaped soft copper tube between the collector and 
header, so that the connection to the header is offset from the connection 
point into the collector. The radii of the bends in the soft copper tube 
have adequate flex to absorb any movement of the headers relative to the 
fixed positions of the mounted collectors. All connections are seated in 
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the normal manner, and the p1p1ng trades people were much more comfortable 
with this type of connection than with making hose clamp connections, par­
ticularly when the joint must be covered with insulation and sheet metal 
ridge· caps for many years without the possibility for easy access. 

Many alternatives were considered for the mounting of the collectors on the 
saw tooth pattern roofs, including steel and aluminum channels laid on the 
roof. The technique finally used was to lay Wolmanized wood 4 x 4's horizon­
tally under the tops and bottoms of the collectors. They were fastened to 
the roof with galvanized post bases, keeping the 4 x 4's 1/2 inch off the 
roof for adequate water drainage and air breathing. Most important, the use 
of wood 4 x 4's permitted the use of a long-reach light crane to sling the 
collectors up onto the 4 x 4's to hang by their corner brackets. One crew 
of carpenters worked slinging the collectors up onto the roof, while another 
crew followed behind, lag bolting the collector brackets onto the 4 x 4's. 
The positioning tolerance afforded by the wood for the brackets was ~ distinct 
advantage over metal supports. 

Sheet metal pitch pots were used for the solar collector pipe penetrations 
through the roof. They were made up special to accommodate the unusual 
roof pitch which matches the solar collector tilt angle of 52°. 

MAINTENANCE 

The solar system has not operated through a full season, so relatively 
little can be said regarding maintenance. The initial start-up of the system 
was somewhat complicated by the use of steel absorber solar collectors which 
require careful flushing over a 48 hour period with a special caustic solu­
tion. After the caustic was run in the system for 48 hours, it took several 
days to flush the system with water, which was followed closely by filling 
the system with anti-freeze for corrosion protection. The start-up procedure 
is much simpler with an all copper system. 

During the summer months when the buildi.ng heating system is not used, the 
steel absorber plate solar collectors require draining of the glycol system 
and flushing with dry nitrogen to eliminate all moisture and prevent corrosion 
of the steel. This is an additional maintenance burden caused by steel ab-· 
sorber plates. 

CONCLUSIONS 
\ 

Overall, the problems with the installation have been minimal. The use of 
the low temperature solar system combined with water-to-air heat pumps in this 
project has led to a considerable number of other projects for our firm using 
the .same principle, but substituting both outdoor and indoor swimming pools 
for water/heat storage. The normal temperature of a swimming pool (80 to 
82 degrees) is within the heat pump operating range. Most installations are 
using single glazed copper collectors, but we have one installation under 
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construction in the Florida panhandle using our standard unglazed plastic 
swimming pool collector. This works fine and is very cost effective where 
the swimming pool water can be circulated directly through the solar collector, 
when freezing is not a problem. 
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EVERYTHING YOU WANTED TO KNOW ABOUT SOLAR IN SEATTLE 

BUT WERE TOO PESSIMISTIC TO ASK! 
0 

BY 

TERRY L. BRATVOLD 

The State of Washington has the widest range of weather conditions 
in the United States. From the desert regions of Eastern Washington 
where temperatures often exceed 100° and annual rainfall is below 10", 
to a small region in the Olympic Peninsula in Western Washington where 

· the mean annual precipitation is 240". This is the heaviest in the 
continental United ·states. A sunbelt exists just forty miles to the 
northeast of this damp region around the town of Sequim, which has an 
annual rainfall of 15" to 20". Seattle is situated forty miles to 
the southeast of this sunny area in the mild climate of the Puget Sound. 
Seattle's mean annual rainfall is only 30" to 35". 1 ·. 

The percent of possible sunshine for Seattle is approximately SO% 
annually under which a solar system with .the appropriate tilt receives 
as much solar insolation as any geographic location. The performance 
of a solar system under cloudy conditions fluctuates greatly with the 
type of solar equipment and the infinitely varying cloud conditions. 
The Solar Department of Washington Natural Gas Company has been moni­
toring some of our installed solar systems in the Seattle area and has 
found that flat-plate solar collector systems perform impressively under 
man6 cloud conditions. We have recorded flow temperatures as high_as 
163 on a completely overcast day of medium to light cloud density. 
Quantitative analysis of this performance is nearly a science in itself 
and needs to be developed further as the first question asked is "How 
well does solar work in Seattle or in Dearborn?" 

The second question may be '~y is a natural gas company involved 
in solar?" Washington Natural Gas Company has been diversifying in 
energy and the conservation of ener~y for several yeamthrough the 

1. Isohyetal analysis prepared by the u.s. Weather Bureau Forecast 
Center, using adjusted climatological data - 27 year average. 
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marketing of more efficient heating, conservation and solar equipment. 
A parent company was formed in 1978 named the Washington Energy Company 
which has four energy subsidiaries: Washington Natural Gas Company (WNG), 
Thermal Efficiency Inc., Thermal Energy Inc. and Thermal Exploration Inc. 
The three TEl's were previously subsidiaries .of WNG. The business affairs 
of these companies reach many states with the common goal of energy supply 
and the efficient use of it. 

Washington Natural Gas Company is primarily engaged in distributing 
natural gas, but also merchandises energy related products including 
solar equipment within our service area. Thermal Efficiency Inc. (TEl), 
is a distributor of solar equipment in a four state area. WNG and TEl 
working together ·have installed over sixty-three solar systems in the 
last three years, fifty of which are in Western Washington. These syst:ems 
range from two panel domestic water heating systems, swimming pool systems, 
space heating for homes and commercial buildings_, to a sixty panel system 
on Overlake school. The manufacturers of most of these systems are 
Solaron of Denver, Colorado, and Fafco of Menlo Park, California. 

Several years ago, as we began researching the solar market, we 
found that the technology, patents and manufacturing of flat-plate 
solar collector systems had been around since at least 1899. In fact, 
we found the technology in flat-plate collectors to be near its peak. 
Our concern was to find manufacturers with quality in equipment and 
supply, design assistance, training, and warranty services. Solaron 
and Fafco have provided us with these services over the last three years. 

This is not to suggest that there are not other reliable solar 
equipment manufacturers, there are. However, many of the manufacturers, 
large and small, are finding it difficult to survive the slowdown of 1978. 
Even though retail sales of solar equipment have increased fairiy steadily, 
the orders to the manufacturers, in many cases, have not. The reason 
for this was that many distributors and retailers over-stocked during 
1976 and 1977 in anticipation of a solar sales surge with the passing 
of the Federal Solar Tax Credit and other ex{>ected Federal support. 
When the surge didn't happen, distributors and retailers held back on 
new orders to the manufacturers until their solar inventory was reduced. 
This situation is somewhat self-correcting as retail sales increase. 
It does, however, make us more aware of the need for choosing a supplier 
that can supply service now and ten years from now. 

WNG's first awareness of the need for careful selection in solar 
equipment manufacturers came with Solar Home I three years ago. It 
was a four panel solar assist, water to air, space heating system. The 
freeze protection system . f_ailed and froze and the tedlar glazing shrank 
and split. 

Undaunted and a bit more experienced, we proceeded with Solar Home II 
in 1977. This time we hired an architectural firm with a considerable 
amount of experience in solar design, Omar Mithum and Associates. 
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At that time, Thermal Efficiency had become a distributor of Solaron 
Systems. The technical services people at WNG and TEl workP.d closely 
with t-he architect and Lhe Solaron engineers who provided design and 
computer services. We applied for and received a HUD Cycle II grant 
under the National Solar Heating and Cooling Demonstration Program, to 
assist in the cost of thP. Anlar syctcm. UUD also elected to m:>nitor 
Solar Home II for up to five years. This was especially fortunate for 
us because Boeing, who is the monitoring instrumentation contractor 
for HUD nationwide, is a neighboring company in the Puget Sound area. 

The purpose of Solar Home II was to demonstrate to the public and 
the professional community wnat we believed: solar systems active and 
passive, if properly designed and installed, will perform efficiently 
in Western Washington. We also realized that for a technological con­
cept such as solar to be accepted in the Northwest, a trend must be set . 
Solar Home II and the other sixty-two solar installations we've been 
involved in over the last three years are helping this trend. One 
measure of public interest ia the approximatel y four hundred requests 
received monthly, for information and solar equipment bids at WNG ' s 
Solar Department and Marketing Department . 

Perched on a hillside near beautiful Lake Washington, Solar Home II 
is a blending of contemporary design and modern energy science . 

v WNG spec-built the 2860 square foot house and 
~~~~ construction wa~ completed in November 197i. 
-<,1t~ ~ 'Y" 

"' ~ ~ ' 1 ,.. ~ Open house was held during the next ten 
~~~~~~ months for over four thousand visitors from 

' the public, professional and educational 
sectors in Washington State. 

Solar Home II 
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Sol ar Home II was so l d to the Farnham family in October •78. Since t hen, 
Paul, Louann and their newborn have been living there comfortably and 
are very pleased with their solar home. Paul enjoys the innovation of 
owning a home heated by an active and passive solar system. Louann 
enjoys having only to adjust the thermosta~and the blinds to be com­
fortable year round . 

Hot a11lrom 
colt.Clors 

(Ouc:IWork sized It 
0.08" W G 1100 FT) 

Bac:tc·drlft Oampet 
2requ~ed 

GENERAL SYSTEM DESCRIPTION 
A drawing of a typ1ca11nstallatron is shown to the left. The collectors can be 

grouped as shown or in any of the configurations shown on page 2, Typical 
Collector Arrays. Due to the Solaron tnternal manifolding technique (i.e. air flow 
from one panel to another internally) the external duct connections are minimized 
as shown above (i.e. one inlet and one outlet for 8 panels, 156 11.2). This 
technique reduces field labor and leads to an economical installation. 

Heal 
Storage 
Unit 

Top Plenum 
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The selling price of Solar Home II was in the. same price range as 
other non-solar homes in the area with similar floor space. The retail 
value of the solar. system was $16,380 at the time of completion in 1977. 
However, the home was designed around the solar system in such a manner 
that the cost was incorporated into its structural and aesthetic features. 
The collector surface is theroof over the kitchen on the main floor and 
over the mechanical room in the basement. The rock storage was sunken 
and out of the way. These and other design considerations are important 
in determining the true cost of solar systems in new homes. As these 
design concepts and solar technology become more widely accepted the 
consideration towards the solar system as a capital investment with 
profitable returns becomes appropriate. 

SYSTEM OPERATION 

HEATING FROM COLLECTOR Air, the circulating heat 
transfer medium is drawn through the collector where it is 
normally heated to about 120-150•F. When the space re­
quires heat, the solar heated air is drawn through the air 
handling unit in which motorized dampers are au­
tomatically opened to direct the hot air to the space. The 
air then returns to the collector where it is again heated and 
the cycle repeats itself. 

!iif HEAT STORAGE UNIT. The heat stratifies 
In lhe rotk (i.e., HOT on top-COLO 
on bottom). This allows optimum collector 
efficiency since INLET temperature is low. 

STORING HEAT When the space temperature is satisfied 
the automatic control system diverts the air into the heat 
storage unit where the heat is absorbed by the pebble bed. 
The air returns to the collector where it is heated and this 
cycle is repeated. 
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HEATING FROM STORAGE At night or on cloudy days 
when solar energy is unavailable and when heat is-needed 
in the space, the automatic control system directs the 
building return air into the bottom of the heat storage unit, 
up through the pebbles where the air is heated, through 
the air handling unit and into the space. When the solar 
heated air does not maintain the space thermostat setting, 
the automatic control turns on the auxiliary heater to add to 
the required heat. 

SUMMER WATER HEATING In the summer, when space 
heating is not required, air is drawn through the collector 
where it is heated and then through the water heat 
exchanger coil. The solar heated air transfers its heat to the 
water which is being circulated through the coil and the air 
is then returned back to the collector inlet. 



System Description 

Solar Home II uses solar energy to heat the 2860 square feet of 
living space and to heat the domestic hot water (DHW). The solar energy 
system has an array of 28 flat-plate collectors with a gross area of 
591 square feet, collector area of 546 square feet (3ft. x 6.5ft. panel 
dimension), and a net aperture area of 504 square feet. The array 
faces south at an angle of 57° to the horizontal. Air is the transfer 
medium that delivers solar energy from the collectors to storage and 
to the space heating and hot water loads. Solar eQergy is stored in 
a 273-cubic foot bin ( 6~ ft. cube), containing 27,300 pou.nds of smooth 
stones, averaging 1" in diameter. The bin was constructed of concrete 
in the basement floor and has ~" of styrofoam insulation on the outside 
and 1" of high density fiberglass insulation on the inside. The domestic 
hot water is heated in an air to water fin-coil heat exchanger, located 
in the hot air duct returning from the collector array outlet. The 
hot water is circulated to an 80 gallon natural gas automatic water 
heater used as a back-up. When the demand for space heating is greater 
than the solar system can satisfy, a natural gas furnace provides 
auxiliary energy. 

Solar Home II has only. 70 square feet of windows on the non-south 
sides to reduce heat loss. The south side, however, has 500 square 
feet of double glazed windows for passive s-:>lar gain in addition to the 
546 square feet· of double glazed solar collectors. The home's construc­
tion optimizes the use of sidewall and'ceiling insulation to the R factors 
of 19 and 30, respectively. Other energy-conserving products in Solar 
Home II include spark ignition natural gas appliances and a sealed­
combustion fireplace. The results of these energy saving features is 
that the heat loss from Solar Home II is about 60% less per year than 
a standard home its size. 

The F-Chart computer thermal analysis for Solar Home II and the 
Farnham family compute the solar fraction for the active solar system 
to be 48% annually. In addition, the passive solar is estimated to 
contribute better than 25% to the space heating load. Totally·, the 
active-passive hybrid should provide an approximate 75% solar contribu­
tion. 

Solar Home II has been occupied by the Farnhams only since the 
third week in October 1978. Thermal protective chrome-faced Levelor 
blinds for the windows were installed in March 1979. We were fine 
tuning and adjusting airflow on the solar syste~ up until January '79. 
Also, the Boeing engineers were calibrating some of the monitoring 
instrumentation into January. Because the home has not been lived in for 
a full year at this writing and the other above mentioned occurances, 
a complete "bottom line" performance analysis is still forthcoming. 
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However, a great deal of performance data and actual experience has 
been gained to date. In fact, the value of the before and after fine 
tuning comparison study and hnndc on experience is of equal value to a 
data-logged computer performanc·e report. Fortunately, we have both. 

Preliminary performance calculations with adjustments f~ the 
above mentioned occurances, show a solar fraction of heat load at 
67% for the six month heating season of 1978-79, October through March. 
At the end of the second six months, calculations for a year will be 
possible. ~or the time being, we are able to calculate the second 
six months expected performance using the available months actual values 
with F-Chart weather and performance values. The conclusion is an 
active plus passive solar fraction of heat load of 73% for the first· 
year. The inclusion of the domestic water heating sub-system, which· 
operates year round, will adjust that solar fraction to approximately 80%. 

The performance of the solar system at Solar Home II is also being 
monitored by instrumentation provided by HUD under the administration 
of the U.S. Department of Energy (DOE) for the National Solar Data Program. 
Sensors were installed at 30 locations at the home to provide sufficient 
measurements to support the thermal performance analysis of the solar 
energy system. Instruments were selected and installed by DOE Instru­
mentation. Installation Guidelines (publication //Solar/0001-77 /15) and 
requirements of National Bureau of Standards (NBSIR 76-1137). This 
:tnstrumentation include~:~ sensor devices to monitor the following: 

Total Insolation (on the collector array) 
Outdoor ambient temperature 
Building temperature 
Collector loop flow rate and temperatures 
Storage flow rate and temperatures 
Load subsystem flow rates and temperature 
Auxiliary fuel flows and values 

Measurements are recorded automatically at five minute intervals by the 
Site Data Aquisition Subsystem (S.D.A.S.). This recorded data is trans­
ferred daily by.telephone lines to the Central Data Processing System 
(C.D.P.S.) at the IBM facility in Huntsville, Alabama. The end result 
is a fourteen page monthly performance report. · Three sub-contractors 
are involved in this process: 

IBM Corporation (data processing and performance analysis) 
Boeing Company (instrumentation) 
Dubin Bloome Associates (solar design consultants) 
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To date we have received finished repo~ts for the months of August, 
September, October 1978 and March 1979. Of these, the only full 
month that the.home was occupied was March. The Farnhams moved in 
late October. Consequently, conclusions on seasonal performance from 
DOE are not yet available. AlS·::>, when reports do arrive, substantial 
time has elapsed from the actual month. 

However, we do have available, by special request to l.B.M., raw 
data on Solar Home II. for certain.individual .days. This data for a 
single 24.hour period is computer typed on 25 pages which display 8,640 
numerical me·asurements from the 30 sensors that record every five minutes. 
Even though very time consuming, these figures allow us to study the 
intricate operations of the solar system, the home and the environment. 
For. example, ·let'·s look at a few measurements from January 7, 1979: 

12:02:20 am Storage temperature - 113.653° .f- indicates that January 
6th was a reasonably clear day and the s.torage temperature peak 
may have been as high as 130°. 

Outside ambient temper.ature - 35° 

Inside ambient temperat\.}re - 70°-Mrs. Farnham is keeping thermostat 
setting at 700 with .no night .set-back. (note: window blinds for 
thermal protection had not yet b.een· in$talled). 

Furnace discharge temperature - 70°- no call for space heat 
(note: with call for heat, furnace blower works in tandem with 
solar system airhandler. to draw heat from storage, or collectors, 
or furnace burners). 

. 0 
12:15 am Furnace discharge - 110 - indicates call for heat and heat 

flow from storage to space mode. 

0 12:20 am Furnace discharge - 135 - indicates ignition of burners to 
assist heating space - als·::> indicates ?roblem with thermostat not 
having enough temperature band between 1st stage solar and second 
stage auxiliary (1~0 ), when there is about 90° in storage. (We 
also found that when manual night set-back is practiced and morning 
turn-up occurs, the 1st stage is overridden to 2nd stage, thereby 
not fully utilizing storage heat at that time. This may be an 
industry-wide problem. One possible solution is. the development 
of a 3 stage thermostat. Another could be to install a temperature 
switch in storage that deactivates the furnace burner valve when 
storage termperature is above 95°). 
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4:00 am Storag~ - 101° and decreasing - indicates heat flow from storage. 

R:30 
0 . 

Rm §torag~-- 87 and stabilizing, Pyranometer- 105 BTUs/sq.ft./hr.-
indlcates discontinued heat flow from storage mode as passive solar 
gain is' adequate to heat space. 

9:30 am Inside ambient - 71° and increasing - indicates passive gain· 
increasing. '' 

0 
'' .. 

Storage - 84 and increasing - indicates solar collector to storage 
mode activated. 

11:30 am to 12:30 pm Pyranometer 175 to 300 BTUs (225 average)- indicates 
some scattered clouds with reflectance to give the 300 BTU reading. 

2:10 pm Pyranometer - 175 BTUs, SO BTUs 5 minutes later - indicates 
cloud cover. 

Storage - ·106° and stabilizing ~ indicates cloud cover dense enough 
to deactivate collector to storage mode. 

Inside a~bient - 77° and stabilizing - indicates overheating by 
passive gain (Mrs. Farnham reported heating beyond 70° by passive 
gain everyday of the wlnter, rain or ~::~hlut!, :including the 10 day 
December clear, sub-freezing period during which highs of 88° were 
consistant. Cross ventilation was not practical because of the 
lack of window and door screens. The overheating was eliminated . 
with the installation of chrome-faced venetian blinds in March. 
They were provided by Levelor Blinds Manufacturing Co, as a demon­
stration. The chromerfacing proved effective in reflecting _excess 
ultra-violet radiation. (Window screens.were later installed for 
fresh air when desired.) 

8:00pm Inside ambient -reduced to 700 - dem~nstrates the ability 
of the house mass to store and return heat to space. 

Storage - 104° - indicates no heat flow to .or from storage since 
2:10 pm and· shows good heat retention. 

9:30 pm Storage - 101° - indicates heat flow from storage to space 
mode and completes the day's solar system cycle·. 

It is important at this time to recognize the value of 15 sensors in 
addition to the 30 HuD sensors. These are the five senses of each 
of the three members of the Farnham family. Without their shared 
experiences with Solar Home II the other monitoring would' not be 
nearly as comprehensible. The same is true of the owners of the other 
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solar systems·. The amount of information gained from related first­
hand experience and our own hands-on involvement could not be re­
produced by any· amount of electro-mechanical monitoring. 

The on-going· monitoring of other solar systems such as WNG's 
own Totem Lake operating base, have provided us with immediate quanti­
tative performance information in relation to sky conditions. Here 
is where we have recorded 163° flow temperatur_es exceeded 200°. Even 
on drizzly days, though not as impressive, solar system operation 
and storage temperature gains, have been recorded. This also allows 
flow rate changes to be made with immediate results observed. 

The spin-off from this involvement will be far reaching. Not 
only wi 11 we be able to provide the expertise necessary for the fast 
growing solar market, but more thorough knowledge will be gained about 
non-solar heating systems. Now ideologies for overall energy studies 
will be developed. For example, we may learn that a solar system 
is a favorable reduction to peak load demand on clear, sub-freezing 
days, rather than the unfavorable low load factor ~eviously suggested 
by some utilities. Also, the many methods for figuring the "pay back 
period" beconre less valid when the solar system is purchased as a 
capital investment with attractive returns upon resale as well as 
monies saved on energy reduction during ownership. The possibilities 
are numerous and exciting. The people of Washington State ·?nd the 
Pacific Northwest are starting to become involved in the solar movement. 

.washi~n 
Natural Gas ~-

A Washington Energy Company ~ 
SOLARON 
SOLAR ENERGY SYSTEMS 

The time is now to approach a problem that may be very serious to 
the solar movement locally as well as nationally. That is the need for 
closer communication and cooperation between the U.S. Department of 
Energy (including subcontractors) and the solar equipment manufacturer. 
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Washington Natural Gas Company's Solar Department, up till now, 
hasn't faced this problem. Over the last three years we've worked 
closely with our suppliers of solar equipment, mainly Solaron and 
Fafco. They have been amiable and helpful and we've been impressed 
with their high level expertise. They also provided us with the· 
technical training so necessary for the successful installation and 
maintenance of solar systems. 

Also, since October 1976, when our HUD Cycle II grant application 
was selected we have enjoyed working with many·people within DOE, IBM and 
Boeing. HUD field representative, Colin Chalmers, was always willing to help 
coordinate our project. IBM analyst, Clyde Messerly, has spent consider­
able time on the phone answering our questions. on the SDAS and sending 
of raw data for our study. The Boeing engineers from the Special Projects 
Division have been especially supportive in our efforts to fine tune the 
solar system. Engineers, Randy Kirk, Bill Poggel and Max Gertsch have 
spent considerable time with us at Solar Home II surveying its intrica­
cies. 

This close association with these highly qualified engineers, the 
monitoring process and the training provided by the Solaron engineers 
have given us greater insights into what makes a solar system work 
efficiently or no~ ~fficiently. 

Now here lies the problem, there are vast resources of knowledge 
and experience on both sides of us willing to share with us when we 
ask. But the sharing of this information is very inadequate between 
the Department of Energy and the manufacturers. Consequently, there 
are differences in conclusions as to the actual operating efficiencies 

·of many solar systems. There are differences in the methods to calculate 
these conclusions. 

Solar Home II is in the middle of some of these differences. Some 
of these differences are as follows: calculations of heat load; effects 
of air leaks on solar system and building performance; the effect of 
passive gain; the effect of auxiliary heating on p~rformance. 

The far reaching effects of these differences are c~nfusion, fruStra­
tion and a slowing of the solar movemen't. The solution is simple, 
meet at some of the sights with all parties concerned to exchange 
methods and solve differences. The implementation of this solution 
may not be easy but Washington Natural Gas Company is willing to start . 
. We have received commitments of willingness ·t~ meet at Solar Home II 
from the following: Solaron Corporation; Boeing; IBM and the Farnham 
family. 

If DOE is willing to assist, we will proceed to arrange the meeting 
as soon as possible. The results will be advantageous· to all including 
the consumers, the future owners of solar systems. If we are to meet 
our goals by the year 2,000 it will take this kind of cooperation. 
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Scattergood School's Solar Heated Recreation Building 

Conrad Heins, Ph.D. 

Introduction 

The Scattergood Schoo1 solar heating system is a Cycle ·I project of 
the Department of Energy's Solar Heating and Cooling Demonstration Program. 
The project was started during the summer of 1976 and completed and started 
up during the spring of 1977. Thus it has now been in operation for two 
years. This paper is concerned with the design, construction and maintain­
ance of the system. It also discusses ~orne of the lessons we have learned 
and changes we might make if we could do it all over again. 

Solar Heating System Description 

The heating system is a hot air system that heats the school's new 
6900 sq. ft. gymnasium amd preheats water for use in the adjoining locker 
rooms. A collector array of 128 Solaron, Inc., 2001 flat-plate collector 
panels is attached at an angle of 50° to the south wall of the gymnasium. 
The collector area is 2496 sq. ft. An insulated, reinforced-concrete box 
8ft. by 25ft. by 10ft., located under the collector and containing about 
65 tons of washed river gravel, provides heat storage. Above the rock 
storage box is a 5000 cfm air handling unit. Air is distributed to the 
gymnasium through overhead ductwork and a series of double deflection regis­
ters. Back-up and supplementary heat is furnished by two 250,000 Btu/hr 
propane heaters mounted in opposite corners of the building. 

The collector heats water for the locker rooms by means of a heat 
exchanger built into the ductwork. Water is circulated through the heat 
exchanger and stored in two 120-gallon, glass-lined insulated tanks; the 
water serves as pre-heated water for a 52-gallon, fast-recovery electrical 
water heater. The system was designed to provide about 75% of the space 
heating and about 75% of the hot water needs of the gymnasium during the heat­
ing season. 

The heating system was designed for 4 modes of operation. 

Space Heating from the Collector. When there is a 45~ temperature 
differential between the collector inlet temperature and the collector 
outlet temperature, a relay activates the air handling unit. If the building 
temperature is below a pre-set value, air flows into and is returned from 
the gymnasium. · If the building load is not satisfied by the collector, the 
back-up heating system will turn on. Water is heated during this mode. 

Storing Heat from the Collector. Heat is stored in the rock box 
during those times it is not being used to heat the building. Air flows 
from the collector down through the rock bed and back to the collector. 
Water is heated during this mode. 
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Spac~ Heating from Storage. Air flow through the rock bed 1 into the 
building and back to the bottom of the rock box. 

Water Heating Only. This mode is used during the summer. Air flows 
from the collector past the heat exchanger and back to the collector. by­
passing the rock storage box and the gymnasium. 

Design Philosophy 

Simplicity was a key factor in the design of the solar heating system. 
Because the primary purpose of the system is to heat the air inside the 
gymnasium. we felt it logical to heat this air directly--hence a hot air 
system was selected. The use of. racks as a heat storage medium. although not 
as space-efficient as water or eutectic salts 1 is the simplest way to store · 
heat. Because we had plenty of room for heat storage. we chose rock. 

A second design objective was to minimize the number of serious 
problems that might arise during th~ lifetime of the system. Here again we 
felt that air has a distinct advantage over a liquid heat transfer medium. 
There are no potential problems associated with collector freeze-up or a 
catastrophic loss of fluid. Another precaution. taken to avoid a possible 
problem with wind, was the incorporation of expensive. custom-fabricated 
steel columns to support the collector array. The overall structure has 
been designed to withstand a continuous wind load of 60 mph. Such a pre­
caution is not unrealistic for our part of the country. 

A third criterion used ·in design was the desirability for the system 
to be easily modified in order to permit expanded use. For example. the 
two 120-gallon hot water storage tanks are connected in series. Only minor 
plumbing changes are required to insert additional tanks in order to increase 
the water storage capacity. A washing machine was recently placed in the 
gymnasium to take advantage of the extra hot water available during much of 
the year. ' 

We were also interested in the possibility of being able to modify the 
heating system so that it might be used in entirely new ways. In the fall 
of 1977 we carried out one such modification. With the approval of NASA 
and the Department of Energy. we extended the ductwork through the west 
wall of the collector support structure to a newly-built 1 6000-bushel grain 
drying silo. Last fall the school solar-dried all of the 5300 bushels of 
corn grown to feed the roughly 6.00 hogs that are raised and marketed annually 
as part of the school program. 

Construction and Maintenance 

The solar heating system was constructed by the same firm that erected 
the gymnasium. This facilitated the dovetailing of work and communication among 
the ·various construction subcontractors. However. we felt there was one 
problem area in terms of communication--an inadequate interaction between 
the construction contractor and the solar hardware manufacturer. Solaron 1 Inc •• 
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who designed most of the system. 

For example, the 100 ft. manifold that takes hot air from the collector 
was painstakingly fabricated from insulated sheet metal and then assembled 
at the site. After assembly, the ductwork leaked at most of the joints, and 
the contractor had to seal all joints with a silicone caulk. A phone call 
to Solaron, who drew the blueprints showing ductwork sizing, would have 
informed him that he could have used lightweight, prefabricated ductboard 
tubing at a lower cost and a considerable saving in time. Another example-­
air d·iffusors, rather than deflection registers, were mistakenly installed 
in the gymnasium. Although Solaron•s blueprints were ambiguous on this 
requirement, a letter or a phone call would have quickly cleared up the 
matter. Moreover, such communication should have been made since diffusers, 
which would spread air around the top of the building rather than direct it 
to the floor where it is needed, clearly did not make sense. 

Because it had to be so large, much of the ductwork associated with 
the air handling system was hand fabricated from sheet metal. This proved 
to be time-consuming and expensive. Motorized dampers also had to be 
custom made; the long lead times required by the manufacturer were not 
anticipated, and the project was delayed accordingly. The motor mechanisms 
for the motorized dampers were installed after the ductwork was assembled. 
Because we could not actually see them, we had difficulty telling whether 
or not the dampers had closed properly. In one critical instance, one had 
not. Air (600 cfm) was mistakehly allowed to flow through the collector 
and past the air-water heat exchanger when the system was heating from 
storage. During the first really cold night of the winter it took only a 
few hours for this collector-cooled~air to freeze and rupture the heat 
exchanger. No serious damage resulted, fortunately, and the damper was 
adjusted properly by cutting open the ductwork so that a visual inspection 
could be made during adjustment. We suggest that motorized dampers be 
adjusted while ductwork is being assembled to guarantee a tight seal. 
It is important to emphasize that this accident was not to the collector 
itself. Although the heat exchanger was out of operation until needed 
repairs were made, the collector and the building heating system continued 
to function satisfactorily. 

The system has required v.irtually no maintainance during the past 
two years. Motorized dampers have been adjusted and lubricated, the 3 hp 
air handling motor has been serviced and one drive belt replaced, and this 
sunvner the air filter will be c.leaned and the heat exchanger flushed out 
with a descaling compound. 

If We Were to Do It Again 

The Scattergood solar heating system has performed well since it was 
started up. During the two heating seasons of its operation it has supplied 
about 85% of the heating needs of the gymnasium, ~ore than had been projected 
in the design. Nevertheless, the solar portion was almost 40% of the cost 
of the entire structure, and one is compelled to ask, 11 1s it worth building 
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a $94.000 solar unit in order to save $1,000 worth of propane each year? 11 

Perhaps this is not a fair question because of the pioneering nature of the 
·project. We do feel, however, that we have learned some lessons that would 

result in changes affording a more cost-effective heating system if we were 
to do it again. 

• During the construction phase of the project, we would make sure 
that each subcontractor knew exactly what he had to provide and what would 
be supplied by others. In addition, we would insist that a clear and well­
used line of communication be maintained between the designer (in our case, 
the solar hardware supplier} and· contractors involved in the actual con­
struction. Money and time were wasted because this line of communication 
was not actively used. 

• The collector array would be smaller. We now know that the heat­
loss coefficient is considerably less than we had originally estimated. 
Even if the coefficient were to rise with increased building use, a collector 
area of about 1500, rather than 2500 sq. ft. would probably be adequate. 
A smaller array might permit design flexibility and allow cost savings 
disproportionate to the size reduction. We feel that in our case, at least, 
there was a diseconomy of scale; we paid a penalty for bigness. For example, 
the array took over twice as long to build as had been anticipated based 
on smaller assemblies. The large ductwork was slowly assembled from sheet 
metal and required the sealing of every seam and joint with a silicone 
caulk. The expensive, custom-fabricated air handling unit was delivered 
two months later than scheduled. Because of its size, the rock storage 
box had to be made of 8-inch reinforced concrete and placed outside of the 
building. 

• We would try to design a system that would use as much as possible 
off-the-shelf, rather than custom-built components. This might require ·two 
separate arrays, each with its own air handiing unit servicing a common 
manifold. Such a design would~require little more ductwork than used 
presently. and might permit the system to operate in two modes s·imul taneously • 
such as drying grain and heating the building; or perhaps only half of the 
system could be used to heat water in the summer. 

• We would try to place the storage system inside the building or 
we would have a much better insulated rock storage box. During the 1977-
1978 heating season, 39 x 10 Btu, or 35% of the energy sent to storage, was 
unrecovered. This amount represents 39% of the total energy used for space 
heating. If less of this heat were lost, or if it were lost to the building, 
rather than to the environment, a significant increase in efficiency of the 
overall system would be achieved. 

• The use of eutecti.c salts, rather than rock, as a storage medium 
would be seriously considered. Although expensive, eutectic modules require 
only a small fraction of the space needed by rock. Space reduction would be 
important if the storage system were to be located within the building. 
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There is an even more significant factor in the case of Scattergood School. 
Most of the buildings are heated by forced air. Eutectic modules charged··:,' 
by the collector might be transported to other buildings and used as a 
supplementary heat source during the spring and fall, when the recreation 
program is outdoors and there is a large excess of heat from the collector. 
The cost effectiveness of this approach has not been closely examined, but 
it would certainly be considered if we were to do the project again. 

In sununary, although we are satisfied with the performance of the 
existing solar heating system, if we were to do it over again we would mak.e 
changes that ·should improve the efficiency, flexibility and cost-effective­
ness of the structure. 
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Solar Heating and Cooling of 
Mount Rushmore National Memorial Visitor Center 

C. W. Chiang 

Key Work Abstract 

Application--heating and cooling solar system. 
System Type--active hydronic with absorption cooling . 
Collector Type--Flat Plate Liquid . 
Collector Manufacturer--Lennox. 
Collector Area- -2,000 square feet . 
Storage Capacity- -3 , 000 gal. steel tank . 
Building Load--6 . 1 x 108 BTU/yr. 
Building Owner-- National Park Service, Department of Interior . 
Architect/Designer--Spitznagel Partners, Inc . 
Contractor--South Dakota School of Mines and Technology. 

INTRODUCTION 

This project is a solar retrofit project of Mount Rushmore National 
Memorial Vis i tor Center at Keystone , SD, where over two million tourists 
visit each year . The Visitor Center has a total space of approximately 
6,000 aq . ft. TI1~ ~ular system is designed to furnish approximately 45% of 
heating for the total facility , and approximately 53% partial cooling of 
the 2,000 sq . ft. observator y room. There are a total of 112 panels of Len­
nox liquid cir culated collectors , each 3 ft by 6 ft in dimension, with a 
gross surface of approximately 2 , 000 sq. ft . The unit cost of the collector 
is about $13 .00 per sq . ft . Collector panels are mounted in 5~ rows on the 
roof of the Visitor Center owned by National Park Service of the Department 
of Interior. The building was designed by the Spitznagel Partners, Inc . 
The pr oject consists of four team members with South Dakota School of Mines 
and Technology as program manager ; the Spitznagel Partners, Inc . as con­
struction manager and designer; Honeywell as a collector supplier; and the 
Mount Rushmore National Memorial as the owner. 

DESIGN PHILOSOPHY 

The design of the system was a cooperative effort involving primarily 
Drs. Don Hopkins, C. W. Chiang , and R. L. Pendleton of the South Dakota 
School of Mines and Technology ; Mr . D. L. Rosenstein and Mr. K. Schmidt of 
the Spitznagel Partners , Inc .; and Mr . G. L. Merrill of Honeywell Energy 
Systems Center . 

The first design decision was to install collectors which used liquid 
rather than air as the heat transfer fluid . There were three factors which 
indicated that this was the best choice : (1) A liquid medium would integrate 
easily with the existing system by simply installing a heating coil in the 
furnace air duct . The liquid could be circulated directly from the collect­
or s to the heating coil for optimum transfer without additional blowers . 
(2) There is a need for extra air- conditioning in the observatory room which 
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could be met by solar activated lithium bromide absorption refrigeration 
units. Air collectors do not produce high enough temperatures to activate 
these units. (3) The limited space to mount the collector array required 
collectors with high efficiency and air collectors are generally less effic­
ient than liquid collectors. 

Some of the more important design decisions were determined according to 
the following conditions: (1) The collector area (active area of 1720 sq . ft . ) 
is the maximum which can be fit on the roof and allow enough spacing to avoid 
shading (5% of total in December) . This is also based on the actual total 
fuel consumed in FY 1975 or 8 , 721 gallons of No . 2 oil , assuming a heating 
value of 140,000 BTU per gallon and a furnace efficiency of 50% due to the 
age of the furnace and an altitude of about one mile, the total annual heat­
ing load of about 6.1 x 108 BTU ' s is determined. (2) The three 3-ton Arkla 
units are the maximum number which can be operated with the given collectors . 
(3) The 3,000 gallon storage tank is a compromise between performance and 
available space. (4) The solar heat coil , effectiveness = 0.538 , is the 
largest reasonable coil which can fit into the existing furnace duct . (5) 
The angle at which the collectors are placed is a combination of the orienta­
tion of the roof , a 45° angle relative to the roof for ease of construction, 
and a need for solar collection both in winter and summer . The optimum angle 
for this particular application was not determined , but other simple models 
show that the performance is probably only 2% less at this angle than at the 
optimum of about 55° in winter . The angles used here favor the air condition­
ing application . (6) The control system is designed to use solar heating or 
cooling first and then the current conventional system as backup. It will be 
possible to air condition and solar heat during the same day , even though 
this feature is not in the computer model for simplification . 

Solar energy system calculations were based on climatological data for 
Rapid City supplied by the National Oceanic and Atmospheric Administration 
(NOAA). The climatological conditions at Mount Rushmore (25 miles southwest 
and 2 ,000 feet higher than Rapid City) are expected to be more favorable due 
to the altitude and lack of pollution in the air , making these calculations 
conservative . 

TRNSYS system developed by the University of Wisconsin modified by South 
Dakota School of Mines and Technology was used to simulate the solar system. 
The climatological data for 1971-74 was used for the simulation model. The 
TRNSYS program used here should enable the user to write a workable transient 
simulation program with a minimal knowledge of computers. TRNSYS has built­
in checks to spot obvious err ors such as calling for an input from a non­
existent unit, failure to specify initial conditions, etc . Other errors such 
as improper conversion of units, crossing the temperature with the flow rate, 
etc ., can be very difficult to spot . In this case , the user must know enough 
about the system to realize that the answers are nonsense, even though the 
computer processes the numbers without printing an err or message . If the 
program fails to produce answers which converge within the specified toler­
ances in the specified number of iterations , the user has recourse to de­
creasing the time step , raising the tolerances or number of iterations, or 
sticking the control units after fewer calls in one time step. When these 
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fail to produce convergence, then it is essential to have familiarity with 
FORTRAN and general knowledge of iterative techniques to trace and correct 
the difficulty . 

The flow rate is calculated on the basis of .3 gpm per collector panel 
specified by the supplier. 

The 3,000 gallon storage tank to provide reasonable heat storage for 
heating and reasonable period of continuous cooling is housed above the 
ground with three 3-ton Arkla units, heat exchanger, pumps, and all controls 
in a building connected to the Visitor Center on the east side. This selec­
tion gives ease in installation of piping, storage tank and other equipment. 
The lengLh of piping is minimized. 

OPERATION OF THE SYSTEM 

The whole system was completed in September of 1977 . First the system 
was tested with pure water in the solar collector loop for about a week, and 
the system seemed to function properly and was then charged with ethylene 
glycol for continuous operation . The presence of air bubbles in the system 
was a constant problem. The pressure build-up due to the air bubbles was 
alleviated by frequent venting on the top of the roof. The system pressure 
could be in excess of 70 psig . The air venting could be as frequent as once 
a week. 

The winter of 1977 in South Dakota was one of the severest ones exper­
ienced. The National Park Service was quite happy with the saving of many 
gallons of oil. The system apparently functioned well in solar heating . No 
major problems were detected except that the main system pump was always 
running for all modes of operation. Nobody knew exactly how well the system 
was functioning until the early part of May of 1978 when IBM contracted Site 
Data Acquisition System (SDAS) to begin to produce some computer printouts . 
Quite a few anomalies were picked up by the SDAS such as the main system pump 
was running all the time; the sequence of operations was different from what 
was originally planned ; solar and auxiliary heating have the same control 
setting; energy from storage is not always being taken to meet the heating 
load, etc . 

The Arkla cooling units were started after mid-July of 1978 . The cool­
ing system was never utilized to its full capacity due to the fact that the 
control of the system was not completely under control. Adjustments and 
corrections are still being made by the Honeywell people. At the end of May , 
1979, Honeywell sent two people to the site for over a week to redesign and 
rewire the control system. The objective was to correct all anomalies and 
organize the control system with indicator lights . Each indicator light, when 
lit, will indicate which zone is calling for heating or cooling. It is ex­
pected that the system will be improved in both heating and cooling. 

PROBLEMS ENCOUNTERED AND SOLUTIONS 

The major problem is the air bubbles in the system. As explained in the 
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operation of the system, constant venting with frequencies as much as once a 
week to prevent a buildup of temperatures and pressures was necessary. The 
main pump was originally designed at the flow rate of 30 gpm. It was felt 
that the higher flow rate could solve the problem of pressure buildup or air 
bubbles problem. A larger pump was installed with the flow rate of approx­
imately 48 gpm. This seemed to solve the air bubble problem. The frequency 
of air venting has drastically reduced. Another problem encountered was one 
transformer was struck by lightening on August 14, 1978. Because of this the 
main pump was stopped so that the so1ution in the cooler loop was overheated. 
Most of the ethylene glycol solution was lost . It took more than two weeks 
to repair the transformer, recharge the system and get it back into operation. 
This situation rarely happens. 

At the end of December 1978, a phenomenon of thermosiphoning occurred to 
the system, apparently due to a severely low ambient temperature (about -35°F). 
The cold antifreeze solution in the collectors on the roof flowed badk to the 
main heat exchanger inside t he mechanical room at about 12 feet below the 
r oof . As a result the cover plate was fractured and two ruptured slits of 
about one inch in length appeared on two tubes of the tube bundle inside the 
heat exchanger. Antifreeze leaked from the collector loop in the shell side 
of the heat exchanger into the tube bundle through the ruptured slits on two 
tubes and also leaked to the outside through the fractured cover plate in a 
large amount. It took almost one month to reorder a new cover plate, to 
braze the two ruptured slits ana to refill the system with antifreeze. To 
prevent any future similar thermosiphoning, a check valve was installed into 
the piping such that any back-flow due to thermosiphoning may be avoided . 

It is interesting to review the temperature excursions of the inlet and 
outlet temperatures of the main heat exchanger as shown in figure 1, which 
was deduced from SDAS results. (December 1978 monthly report put out by IBM 
through DOE) Note that the temperature sensor , Tl03 on the collector side, 
indicated at , or below 32°F (32.406°F is the minimum possible reading of 
this sensor) for the major part of both days of December 29 and 30 of 1978. 
Since the main heat exchanger is housed inside the mechanical room and is 
about 12 feet below the roof, this gave a clear indication of the thermo­
siphoning. The temperature sensor, Tl53 on the heating coil side, showed a 
drastic decrease in temperature in t he afternoon of December 30 and reached 
a possible minimum about 10 PM as indicated in the figure 1. 

SUCCESSFUL COMPONENTS OR PROCESSES 

Aesthetically the Park Service people were worried that the presence of 
solar energy heating project might distract from the main attraction . Since 
the installation of the collector panels, the visitors apparently are not 
aware of the presence of collector panels on the roof of the building . This 
seems to satisfy the Park Service . Comments f r om people who have seen the 
collector panels are good. Aesthetically, they blend in very naturally with 
t he building. 
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All the costs have been within the proposed budget. There were no 
overruns during construction. At this point there is still some money 
in the project for the evaluation period, mostly for emergency repairs 
some minor modifications of design and analysis. 

cos t 
left 
and 

LESSONS LEARNED 

From the major problem of frequent air venting encountered in the opera-
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tion of the system, the biggest cause may be the wrong locations of the inlet 
and outlet tubings to each solar panel. The roof on which the collector banks 
are mounted is sloping towards the east, such that each collector bank axis 
is tilting toward the east. The outlet tubings are on the lower end of each 
panel, thus any vapor lock or air bubbles may stay in the upper header tube 
of each panel and can never escape. A lesson learned here was that a close 
check of the panels before installation could have avoided the frequent air 
venting problems. 

The second lesson learned from this project is a definite need of an on­
site-monitor (OSM). During the last few months of operation, Mr. Val Fogle 
of Marshall Space Flight Center, NASA, Huntsville, Al (project monitor) 
helped install (on short loan basis) an on-site-monitoring system to the sys­
tem. Through the OSM system, instant monitoring of various temperatures 
flow rates, power requirement for various pumps and fans help understand and 
adjust the control sequence. Thus it enables to know whether the system is 
in the right mode of operation. A second lesson learned from the OSM system 
is that some of the sensor locations should have been at different places to 
ensure more meaningful results. A good example is that the temperature sen­
sors, TSOO and TSSO, as shown in Figure 2, are too close to the valve VS. 
Even though the valve VS is closed to the cooling loop, the temperatures, 
TSOO and T559 gave erroneous high readings due to conduction from the heating 
loop. 

The third lesson learned from this project is that a positive prevention 
of thermosiphoning such as a one-way flow check valve in the piping system 
should have been provided in the first place to stop any back-flow of cold 
fluid from the collectors by gravity, into any other components inside the 
mechanical room. 

A last lesson learned from this project is that a further simplified con­
trol system may have avoided many control problems. It seems to be that the 
simpler the control system, the less problems that are apt to occur. 

PERFORMANCE EVALUATION 

i. Introduction 

The performance evaluation was the result from two monthly performance 
reports, one December 1978 and one February 1979, based on the monitored 
SDAS data and put out by IBM people through DOE. From the reports, the per­
formance of the solar system was far from the designed annual load of 45% 
for heating and 53% for air conditioning requirements for the observation 
room. It is understandable that as long as the control problems linger and 
are not fixed, the performance evaluation would not represent the true 
capacity of the system e-xcept to provide the anomalies of the system. It is 
expected that the performance will be drastically improved as soon as the 
control system is behaving. 
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From December 11 to December 30, 1978 operation of the system showed 
marked improvement over previous months in that the periods of solar collec­
tion and energy storage coincided with periods of solar energy availability. 
This was due mainly to the control modifications made during the last week 
in November. The improved operation of the control system continued through 
February of 1979. · 

ii. Weather data 

During December of 1978 the measured averages for ambient temperature 
was 20°F which was 6.7°F.below the long-term average temperature. The meas­
ured average daily insolation in the plane of collector was 1033 BTU per sq. 
ft., which was 4% above the long-term average of 996 BTU per sq. ft. However, 
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during February the measured averages for ambient temperature was 25°F which 
was one degree above the long-term average of 26°F for the Rapid City area; 
the measured average daily insolation in the plane of the collector was 
1316 BTU per sq. ft. which.is identical to the estimated long-term average. 

iii. System Thermal Performance 

The total solar energy incident on the collectors amounted to 53.45 
million BTU's during December 1978. The system collected only about 20% of 
total incident energy. However, it is significant to note that the collected 
amount was collected with the collector operating an estimated 55 hours during 
the entire month due to weather and control problems. 

During the month of February of 1979 a total of 63.56 million BTU's of 
incident solar energy was measured in the plane of the collectors. The sys­
tem collected about 27%. During the time the system was operating, a total 
of 41.94 million BTU's was incident on the collector array. This represents 
an operational collector efficiency of 42.3%. Clearly the performance of the 
month of February was improved, resulting from correction of the major 
system control problems. The system operated in· the collector mode for a 
total of 118 hours with 34 hours of directing heating from the collectors, 
84 hours of storing energy and 81 hours of supplying heat from storage. For 
all periods of operation, the collection mode occurred during the daytime 
hours while heating from storage occurred during night time and early morning 
hours, and thus it is consistent with the design philosophy of the system. 

As soon as the solar system is operating normally, the future performance 
evaluations from SDAS will truly assess and evaluate the performance of the 
system in terms of collector efficiency, energy savings, etc. 

OTHER KEY ITEMS OF INTEREST 

The IBM contracted Site Data Acquisition System (SDAS) and its associat­
ed On-Site Monitor (OSM) have been in operation for months. The Figure 2 
of the whole system shows location of sensors as well as various components 
of the solar system. Daily printouts and plots of SDAS have been supplied 
on request to analyze the various anomalies of the system. In particular, 
the OSM has been a great help, as explained in the previous section~ 
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"CERTAINTY AMIDST MANY QUESTIONS" 

Introductory Remarks By 

G. Barry Graves 

Director, Southern Solar Energy Center 

Atlanta, Georgia 

For some time we have seen major controversy over and questions about 
the availability of conventional energy supplies and their pricing. I was 
personally appalled, as I expect many of you were, when recent national polls 
indicated that large segments of the public were not really convinced of the 
reality of our energy shortage. 

Yet the following simple statement is fact: It is certain that our oil 
and natural gas supplies are limited and that they are being rapidly depleted. 
President Carter's address last evening (July 15, 1979) made this point 1n a 
very convincing manner. I hope that many Americans were listening! 

It is true that we can benefit greatly from an immediate adoption of 
conservation measures, and this is essential to be fair to future generations. 
We also need to continue the search for additional conventional resources, 
if only for their use as liquid fuels and chemical feedstocks. Synthetic 
fuels, coal, and other sources can provide relief for another few d:ecades, 
although they will be subj~ct to increasing prices and ever-present environ­
menta~ concerns. But let us consider the time element. This is, or should 
be, a matter of urgent concern. While we may be in error, plus or minus, 
about the availability of yet undiscovered oil and fossil fuel reserves, con­
sidering the schedule necessary to make a transition we are already in a 
dangerous situation. Consequently, it is imperative that we begin NOW to 
exploit solar and renewable energy sources. ---

Transitions of the type we face have historically required lengthy 
periods--say 20 to 40 years--for significant impact. It is easy to see why. 
Energy is an integral part of our daily lives. Consider the changes needed 
in homes, office buildings, industrial processes, and transportation methods-­
even if we knew exactly what to do. Changes to structures, whether through 
retrofit methods or replacement, will take many years. The industrial impact 
is equally severe. And we will probably have to develop a much improved 
"system approach" for community planning and transportation system de:3ign (the 
present methods of accomplishing this are, at best, questionable). 

The conclusion, is that we must begin to make steady, realistic progress 
in a transition to solar and renewable energy sources. These sources can 
supply a significant fraction of our energy needs, but the timetable is up 
to us. We do need to move out of the "demonstration" phase into practical, 
economically feasible applications as quickly as possible. 

You--the system designers, architects, builders, industrial engineers, 
planners, government officials, and many others--are the key to making this 
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happen. We know that this conference will show some of the very real progress 
which has been made through the DoE Solar Demonstration Program. We also 
hope that it will help you see how you can be effective in applying solar 
system designs which will work reliably, and with good economic performance, 
~n the future. 

It is clear that much solar technology, especially passive design, hot 
water systems, and moderate temperature systems for all types of applications, 
can be applied now. Of course, there will be improvements in equipment and 
design techniques for these systems, as there are in any field, but the basics 
are here today and future advances will not make them obsolete. Time is no 
longer on our side in terms of available energy supplies or their cost. 
Therefore, I hope that you .will take a lead role in you,r professional group, 
community, or company to apply solar where it is feasible today. 

With recent tax incentives, more realistic oil pricing, and other moti­
vators, we will see a dramatic increase in the number of opportunities for 
solar applications. Your support and dedicated action as designers, manu­
facturers, installers, municipal planners, and other key individuals_will be 
vital factors in helping relieve our country's energy problem. I am certain 
that the staff members from DoE, the Department of Housing and Urban Develop­
ment, the National Bureau of Standards, NASA, and other. organizations which 
are providing speakers and session chairmen today will endeavor· to provide 
information and assistance to any of you at the conclusion of the conference. 

As he,..ad of one of the four regional solar centers-the Southern Sola·r 
Energy Center, located in Atlanta-! would like to comment that we look for­
ward to working with you in the future. Thus far, we have been in the plan­
ning phase, but expect to enter the operating mode as a DoE Contractor at an 
early date. We are beginning our activities in the areas DoE has selected 
as most sui.table for early "commercialization." The initial programs are con­
cerned with passive buildings design, solar hot water, industrial process 
heat, wood combustion, and limited efforts toward small wind systems. We 
expect to serve as a catalyst/to help the free enterprise system function at 
its best. Much of our work will be in information dissemination and in a 
limited number of pilot projects. One of the sessions tomorrow is devoted to 
further discussion of these activities and will be valuable to us as means of 
hearing your views and suggestions. 

We look forward to meeting and ·working with you. Thank you for your 
attention during these introductory remarks. 
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DESIGN OF AND ~XPERIENCES WITH ENERGY CONSERVING HOMES 

by 

Frank W. Wilkins and Glenn N.· Reid 

ABSTRACT 

This paper is an overview of a concept in building houses 
that conserve rather than waste energy unnecessarily. It is a 
marriage of the theoretical design analysis and the practical 
experiences gained from four such houses that were built in 
Columbia, Maryland. The ~apidly rising cost of energy and the 
growing scarcity of fossil fuels is necess~tating a basic 
change in the way houses are being built. This paper presents · 
a comprehensive method of designing houses that remain 
aesthetically appealing while at the same time reducing the 
heating costs·by 70%. This dramatic· savings is accomplished by 
combining a sophisticated insulation package~with a solar 
heating system that minimizes .fuel costs. 

Major design parameters of the insulation package and the 
solar heating system are discussed. These include sizing the 
collector array to b~ most economical, selecting the storage 
tank size and methods of integrating the solar system into the 
architectural design of the house. Charts show the expected 
monthly savings due to the solar h~ating system. 

The progress of this solar, energy conserving development 
is traced. Emphasis is placed on the practical problems that 
may be encountered in bringing the design to a finished prow 
duct. · 

INTRODUCTION 

As a result of the r1s1ng costs of oil and natural gas, 
it is becoming more and more important how ho~ses are designed 
and built. The technology is now readily available to build 
homes--not expensive custom models but large numbers of 
standard development homes--that use only 30% of the fuel that 
similarly sized houses consume. The market for these homes is 
now emerging and will continue to grow as the general public 
becomes more aware of: 

1. the monetary impact from the rising costs of monthly 
utility bills and 
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2. the psychological impact from the spectre of fuel 
shortages that have caused schools and businesses to 
close. 

The energy conserving home is a home that is built to 
m1n1mize its energy needs and receive much of the energy it 
does need from the sun. The focus of this paper is the design, 
construction, and marketing of four of these homes that were 
built in Columbia, Maryland, during the winter and spring of 
1977. 

DESIGN PARAMETERS 

A. Site Planning - The design of a solar heated home 
starts in the site planning. There must be a surface that.is 
facing as near south as possible. Thus, the lots and the 
houses must be matched so that the roof lines can be properly 
orientated. Generally, 5° west of south is the best orienta­
tion, but there isn't a serious degradation in performance if 
the collector is within +300 of south. Thus, th~re is a 
certain degree of flexibility available in positioning the 
homes on the lots. 

B. Insulation Package - By far, the most important 
aspect of the energy conserving home is the insulation package. 
This will determine how much energy the house needs to main­
tain the desired comfort level. Also, it determines the size 
of the more expensive solar heating system. Thus, a well 
insulated house results.in not only a lower fuel bill, but 
also a considerably less expensive and more effective solar 
heating system. Because of the high initial cost of the solar 
system, it should not be used unless the building is well 
insulated. · 

Typically, the heat losses in a residence occur in the 
following areas: 

1. Windows/doors 30% 

2 0 Exterior walls 15% 

3. Ceiling 15% 

4. Floor 5% 

5. Infiltration 35% 
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To minimize the losses from these areas these four homes 
had the followingl: 

1. double insulated windows 

2. 3 1/2 inches of ·fiberglass (R-11) in all exterior 
walls 

3. 8 inches of blown cellulose (R-30) 1n ceilings 

4. foundation insulated 

5. polyethelyne vapor barrier on all exterior walls 
with a 2 inch overlap 

6. extensive use of caulking in all areas where 
infiltration could occur. 

These measures were found to reduce the energy consumption 
by 25% over the same models using a regular insulation package. 
This reduction in energy load involved no new technology, no 
sacrifice to aesthetics, and no great cost. ~The entire package 
could be expected to pay for itself in reduced utility bills 
in £ive years or less. 

C. Solar Heating System - These homes were designed to 
receive 60% of their yearly heating and domestic hot ~ater 
needs from.a solar heating system that was integrated into the 
conventional heating system of the house. The.solar system 
was not sized to provide all the house's heating needs because 
of the large size of the collector array that would have been 
needed. There are occ~ssionally long, cloudy periods of little 
or no sun. It is not practical to size the·collector to meet 

NOTE1 : "Ryan Standard Energy Package" Ryan Homes, 
Pittsburgh, Pennsylvania 
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the house~s needs during these periods. To size the solar 
system to be most economical, Figure #1 can be used2. 

15,000 BTU/Degree Day Heat Load House 

. 1~ 

Charleston 

10 30 50 70 90 

% Solar Heat of Total Heat 

Figure #1 Influence of Collector Size on Cost of Solar Heat 

This shows that the optimum size (by cost) Qf the solar 
heating system occurs when it is supplying 50-60% of the horne's 
needs. To use this graph to determine the optimum collector 
area, pick a value of A from the curve and determine the heat 
load (space heat and domestic hot water) of the house. The 
heat load can be put in the proper form by using the following 
equation: 

Q 0 75 24 Desi~n heat loss rate (BTU/hr) 
s z • x x Temp. d1fference between outside 

and inside for design conditions (°F) 

NOTE 2 : LOf, G and Tybout, R, "Cost of House Heating With 
Solar Energy'', Solar Energy, 1972. 

*Values of A used to calculate area of collector 
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The area of the collector is.then determined by: 

Area = Qs 
24 X A 

where A= 1.5 to 2 for optimum 
cost benefits. 

This value tan be used as a·first approximation as to the 
area of the collector that would be most economical for a 
building. The actual percentage of energy that a collector 
this size would provide has to be determined using a much more 
complete mathematical analysis that takes into consideration, 
among other things, the collector efficiency and fhe local 
weather data. Normally the collector is located on a south 
facing roof, but it can also be placed on a vertical wall. The 
optimum roof tilt for the collector is about 10° greater than 
the latitude. (Washington, D.C., is 39°N.) The best collector 
tilt would be 49° (900 being vertical). Ther~ is not a serious 
degradation for angles +150 around this optimum however and 
architectural considerafions on the roof pitch are likely to be 
more important. The solar system must be made to blend in with 
the design of the home if it is to be a saleable commodity. 
Whereas a 45° roof on a contemporary house may be easy to fit 
into the home design, it may be a problem putting much more 
than a 35°. roof on a traditionally styled house. 

In this development, for example, the standard roof pitch 
on the traditional models was felt to be too shallow. It would 
have been possible to raise the pitch to 35° to .accommodate the 
collector. However, it was decided instead to put the collec­
tor on the roof of the attached garage which could have the 
optimum pitched roof yet would still blend with the lines of 
the house. This also provided the opportunity to design a 
room under the collector, that was made available because of 
the steep roof, that could act as an additional ammenity for 
the buyer. 

The area of the collector for each of the four homes was 
310 ftZ. The collector used was Revere's Combination Roof and 
Splar Energy Collector, which, as its name implies, is not only 
the solar collector but also the roof. It is copper sheet 
bonded to plywood with square tubes attached to the sheet.. The 
square tubes act as the flow passages for the water that is 
used to absorb energy from the hot copper. The copper sheet is 
painted black and two pieces of special low iron glass (to 
reflect as little of the sun's energy as possible) are 
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positioned over the copper. 

The energy storage tank is the second big item in the 
solar heating system. For a system that uses water as the 
heat transfer medium, such as these, at least two gallons of 
water storage is needed for every square foot of collector 
area. There is a slight increase in efficiency if the storage 
tank is somewhat larger than this ratio. In this system, a 
1000 gallon tank was used. The 1000 gallon tank is a standar~ 
size that is readily available and relatively inexpensive. It 
came coated with epoxy on the inside surfaces to prevent 
corrosion. 

D. Heating System--Operation - The homes are equipped 
with a heat pump, which provide t~e heating needs when the 
solar capacity has been depleted. The heat pump and solar 
collector are integrated into one cohesive heating system by 
the use of an electronic controller that automatically makes 
all the decisions as to how the home is to be heated. A 
schematic of the heating system is shown in Figure #2. The 
controller can make the proper decisions because, through the 
use of thermisters and the house thermostat,· it knows all the 
temperatures that dictate how the system operates. 

Space 

Figure #2 Schematic of Heating System 
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1. If the collector becomes hotter than the water in 
the storage tank, it turns on a pump and circulates water from 
the storage through the collector and back to the storage tank, 
thus collecting energy. When the collector temperature cools 
down, the controller turns the pump off and all the water 
drains out of the collectorback~into the storage tank. Having 
no water in the collector except during collection of energy 
is the method used to prevent freezing of the water during the 
winter. 

2. If the house thermostat calls for heat and the 
storage tank temperature is warm enough (above 90°F) it turns 
on another pump and circulates the warm water through a heat 
exchanger located in the forced air furnace duct. At the same 
time it turns on the furnace fan, thus transferring the heat 
to the house. 

3. If the house calls for heat and the storage tank is 
not sufficiently warm, it turns on the heat pump and takes 
the solar heating system completely out of the picture. 

The remaining function of the solar heating system is to 
supply energy for domestic hot water. As can be seen in 
Figure #2, water comes in from the street and is taken through 
a heat exchanger in the storage tank where it is heated. It 
then goes into the standard hot water heater. In this manner 
the water reaches the hot water heater at anywhere from 85° to 
140°F instead of 50°F. 

E. Cost Comparisons - These solar systems were designed to 
provide 60% of the yearly space heat and doemstic hot water 
needs of the homes. The percentage that the system will supply 
for any given month (weather permitting) will vary from a low 
of 33% in December to a high of 100% during May to SeptP.mber. 
These numbers are determined by a mathematical analysis3 that 
has been shown by long term testing to be accurate. Figure #3 
shows the monthly contribution of solar energy that is ex­
pected on the homes in this development. What this means in 
terms of savings is shown in Figure #4, which compares the heat 
and hot water costs of the house with a standard insulation 
package to the costs associated with the energy conserving 
homes. Adding more through insulation reduces the energy 
consumption by 24%. 

NOTE 3 : "Intermediate Minimum Property Standard for Solar 
.Heating and Domestic Hot Water Systems, NBSIR 76-1059, 
April 1976 (Interim Report). 
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I 

Month % Solar Month % Solar 

January 34 July 100 
February 48 August 100 
March 56 September 100 
April 85 October 93 
May 100 November 60· 
June 100 December 33 

Figure #3 Monthly Contribution of Solar Heat 
to Total House Needs 
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Figure #4 Comparison of Expected Yearly Heating Bills 
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Adding to that the solar heating system, the energy consumption 
was reduced to 30% of what it was without the energy conserva­
tion measures. 

The solar heating system cost $10,000, of which 1/3 was 
foj the collector, 1/3 for the installation and the remaining 
third for the rest of the parts. This price could be expected 
to drop on future projects, as the labor involved should 
decrease as the workers become more experienced in the 
installation techniques. One thing that increased the price of 
this solar system was not being able to buy in sufficient 
quantity to get a reduction in the price of the collector. Of 
the four houses, even though the collector area was the same 
for each unit, there were two configurations. Had .the systems 
been made exactly the same, the price of the Revere collectors 
would have been reduced by $500. 

To assess what these energy savings and costs mean to the 
home buyer, a life cycle economic analysis has to be made4. 
This type of analysis considers all the costs and savings that 
are associated with the solar heating system over its expected 
life. The analysis looks at the added cost of the system on 
the mortgage payment, the yearly energy savings, tax advantages 
and maintenance costs. This is, at best, an educated guess 
because of the many assumptions as to what will happen in the 
future. Figure #5 shows the results of this type of analysis. 
Initially the home buyer pays more for the solar system (the 
incremental cost on the mortgage) than is saved by the reduction 
in fuel costs. It is not until the sixth year that the savings 
per month exceed the monthly costs. The curve in Figure #5 
adds all the monthly savings and costs to obtain the cumulative 
amount saved or lost during the life of the collector. Looking 
at it this way, it is not until the fifteenth year that there 
is a cumulative savings from the solar system. After 24 years 
the solar system has saved the buyer.$4800. These numbers do 
not assume that the system inflates in worth over the years 
and thus may tend to be conservative. If, indeed, the system's 
value increased over the years, then the pay back period would 
be considerably shorter. 

Also in Figure #5 is a curve showing the economics of the 
same system had it cost $8000. This was done to show the im­
pact on solar energy that would occur should the proposed 

NOTE 4 : Ruegg, Rosalie, "Solar Heating and Cooling in 
Buildings; Method of Economic Evaluation" COM-75-11070 
National Bureau of Standards, July 1975. 
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income tax credit for buying solar heating systems be passed. 
It will bring the pay back period for the system from fifteen 
years down to eleven years and mean that the buyer will never 
have invested more than~$600 in the system. If it can be 
assumed there will be even a modest inflationary increase in 
the value of the system, it would mean that the buyer would 
only very briefly lose any money on the system before it 
started paying for itself. 
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Figure #5 Life Cycle Economic Analysis of Solar Heating System 

F. Solar Market -. Because this was the first solar tract 
development in Maryland, it received news coverage not only in 
local papers but also in such papers as the Washington Post 
and Baltimore Sun. This, plus modest advertising in two local 
papers generated a tremendous response that resulted in a 
constant stream of people through the model home. Because 
these units were spons.ored by HUD,. the developer discounted the 
price of the solar system to $6500. Thus, part of the appeal 
to potential buyers was the bargain price they would be getting. 
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Unfortunately for. the developer, many of ~he people coming 
through the model were exclusively interested in the solar 
system and didn't have much interest in buying homes. They 
were also very inquisitive about finding out how it worked. 
Thus, he and his sales personnel had to learn ~nough about 
solar energy to be able to answer questions. 

As for serious buyers, though, the first solar house was 
sold literally minutes after the sales personnel were author­
ized to start taking deposits for contracts. The remaining 
three solar homes were sold within three weeks. This is 
considerably faster than the same models would have been sold 
had they not been solar heated. 

The people who bought the solar homes generally knew 
quite a bit about solar energy. Their feelings were a mixture 
of: being a pioneer trying something new, being less dependent 
on the utility company, conserving energy and making a good 
investment. In two of the cases, it was not the case of 
telling them the benefits of solar energy and energy conser­
vation energy and making a-good investment. In two of the 
cases, it was not the case of telling them the benefits of 
solar energy and energy conservation, but actually going over 
the detailed calculations· of the designers (Applied Solar 
Technology, Inc.). These, then were very sophisticated buyers 
who knew what they wanted and were happy to be able to get it. 

G. Problems - The houses were built in Columbia, Maryland, 
which is a planned community. It was an ideal place to build 
a solar development because the population has a better than 
average income, are technically inclined (many engineers and 
other professionals) and are used to innovative things being 
tried within the community. There is, in Columbia, an 
architectural review board that comments on the building's 
appearance. This was the first solar development that was 
going to be put up for sale to the general public in Columbia 
and the review board made special efforts to assure that the 
homes would look nice. It was decided to raise the pitch of 
the roof on the house somewhat to make it blend better with 
the steeper pitch of the garage roof. Also, there was concern 
over how the black collectors would look on the roof and how 
much flashing there would be around the .collectors. These 
problems took some effort to eliminate but posed no great 
problem. What did cause a problem was the board's assessment 
that these homes could not be sold in that neighborhood. It 
was their feeling that $70,000 was the absolute top price that 
could be obtained for any house in that area because of the 
price range of the developments surrounding it. Of the four 
homes to be solar heated one was to be a large model that 
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would sell for the mid seventies with the solar heating system. 
The remaining three would be smaller models that would sell 
close to $70,000. 

This assessment caused the developer second thoughts on 
whether or not to continue the project. As it turned out, 
the big model was the first to be sold. Soon after, it became 
obvious that the bigger, expensive model was what most people 
wanted. The ratio rapidly switched to three large models and 
one small model. Each of these three homes cost considerably 
more than was thought possible to obtain in that neighborhood. 

This is a good example that a solar heated, energy 
conserving home will increase the value of the home beyond the 
conventional equation for pricing. People are beginning to 
realize that the increase in monthly mortgage costs is somewhat 
offset by a d~crease in utility costs. If the basic house is 
aesthetically pleasing and meets the desires of the buyers, 
they will be willing to spend the extra amount needed to buy 
the solar, energy conserving home. 

In summary, solar heated, energy conserving homes that 
consume only a small fraction of the fuel that they would 
otherwise need are both practical and marketable. In Columbia, 
four speculative houses were built by a developer who had 
previously had no experience with solar heating systems. As 
an indication of the market, all four homes were sold before 
they were built. n 
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ABSTRACT 

Retrofitting of an Apartment Building for 
Solar Heating, Cooling and Hot Water 

Gary C. Vliet 

An apartment building has been retrofitted, for solar heating, cooling and 
hot water under the second cycle of the HUD Residential Solar Demonstration 
program. The building includes twelve single bedroom apartments on two floors. 
The.conventional HVAC and domestic hot water systems are all electric and the 
apartments are individually metered. · 

The solar equipment includes concentrating collectors with the main stor­
age being hot water. Preheated make-up water is supplied to the laundry and 

·apartment electric water heaters. Hot or chilled water is supplied through a 
two pipe system to (solar) fan/coil units in each ·apartment. In the heating 
mode water is circulated directly from the hot water storage vessel. In the 
cooling mode, hot water from storage drives an absorptton unit which produces 
chilled water for circulation through a small chilled water storage vessel 
and to the apartment (solar) fan/coil units. The fan/coil units are in par­
allel with the apartment•s conventional electric ~nits. 

The system presently is not fully operational, with some modifications 
being made. Recently it has been fully instrumented for monitoring and eval­
uation of system performan~e over a two year period. 

1. INTRODUCTION 

A grant (H-2772) to perform a solar retrofit project was received friDm 
the Department of Housing and Urban Development under the Second Cycle of the 
Residential Solar Heating and Cooling Demonstration program by the Center for 
Energy Studies at The University of Texas at Austin in October 1976. The 
project consists of the retrofitting of an existing all-electric twelve unit 
apartment building, which is part of The Univeristy of Texas 11 Gateway .. apart­
ment complex at 1600 West 6th Street, Austin, Texas, a~proximately one mile 
west of the main campus. There have been ~everal other solar cooling dem­
onstration projects (1,2,3;4) among others, however there are several unique 
features associated with a central solar heating and cooling system supplying 
the demands of multiple users each with his own auxiliary system. The com­
plex was constructed during 1972 and has been occupied continuously since 
February of 1973, the occupants being married students attending The Univers­
ity. There are eighteen buildings in the complex, including a total of two 
hundred apartments. The buildings are of masonry construction, are two-
(or three-) story, have flat roofs and most have adequate access to the sun. 
The present heating and cooling system for the complex, including hot water, 
is all-electric with each apartment having its own system, and the apartments 
are individually metered. Five of the apartment buildings also have laundry 
rooms with electric water heaters. Thus, each laundry room serves the ap­
proximate equivalent of three buildings. Electric use for each apartment in 
the complex is recorded monthly and the records are maintained by the Office 
of Housing and Food Service at the University. Electricity is purchased by 
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the university from the City of Austin and each resident is billed by the 
university. 

The building selected for the project (No. 1632) is oriented with the 
long side rotated approximately 15 degrees clockwise from east-west. This 
building was selected because of its favorable east-west orientation and be­
cause the roof area where the collectors are mounted is not shaded by adjacent 
structures or vegetation for sun altitudes above approximately 15 degrees. 
The building is two story and consists of 12 apartments as well as a laundry 
room at the west end of the building. Apartments are single bedroom, each 
with 600 ft2 floor area. The laundry is assumed to serve the equivalent of 
two additional similar apartment buildings. 

The total electrical consumption by month for all twelve apartments in 
Building 1632 is shown in the second column of Table 1. The variation in con­
sumption by month is a result primarily of the seasonal influence on heating 
versus cooiing loads. Annual data on individual apartments (not shown) show 
a variation of approximately a factor of two, indicating the different life­
styles of the occupants. 

Month 

12-1 

1-2 

2-3 

3-4 

4-5 

5-6 

6-7 

7-8 

8-9 

9-10 

10-11 

11-12 

* 

Total 
Resident 

Usage 
MWH/I-Io 

10.9 

9.9 

s.o 

7.7 

7.9 

8.7 

11.4 

11.7 

10.5 

8.6 

6.7 

8.7 

Table 1. Energy Wsage for Building 1632 

Base 
Electric 

MWH/~1o 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

5.8 

Heating or 
Cooling 

Electric 
M\~H/fl.o 

5.1 

4.1 

2.2 

1.9 

2.1 

2.9 

5.6 

5.9 

4.7 

2.8 

o.g 

2.g 

Heating* 
or Cooling 

Load 
HBTU/Day 

.58 

.47 

.25 

.22 

.46 

.63 

1.22 

1.28 

1.02 

.61 

.10 

.33 

Heating+ I 
and Cooling 

Energy Req 'd 
MBTU/Day 

.58 

.47 

.25 

.22 

.83 

1.14 

2.21 

2. 32 

1.85 

1.10 

.10 

.33 

Hot# 
Water 
Energy 

MBTU/Day 

.35 

.35 

.35 

. 35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

.35 

Total 
Energy 

Required 
MBTL!/Day 

.93 

.82 

.60 

.57 

1.18 

1.49 

2.56 

2.67 

2.20 

1.45 

.45 

.68 

For heating months the conversion is (~/H x 3.41 (BTU/HH)/30 Days) • 0.114; and for cooling months the conversion 
fs {WH x 6.5 {BTU/WH)/30 Days) = 0.217. · 

+For heating the conversion is 0.114 as above and for cooling the conversion fs (WH x 6.5 (BTU/WH)/30 Days x 
0.55 C.O.P.) • 0.394. (i.e., 6.5 EER on present system and 0.55 C.O.P. for the proposed absorption system.) 

*Assumes 10 gal/person-day for the 24 residents of Building 8, plus 5 gal/person-day for the laundry room which 
is assumed to be used by the equivalent of three similar apartment buildings (i.e., 72 people); therefore, the 
equivaler.t hot water usage of 25 gal/person-day for the 24 residents of Building 0 is assumed. . 

Since the apartments are all electric, it is difficult to accurately 
delineate the various loads--space heating, space cooling, water heating, 
lighting and appliances; however, these loads were estimated based on the 
monthly utility data, as indicated in Table 1. The base load shown in 
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·column three (appliances, lighting and hot water) is obtained by selecting 
the lowest month usage for each apartment in spring and fall (periods where 
little or no heating or air conditioning is required) and multiplying by 0.9 
for conservatism. The fourth column (heating and/or cooling) represents the 
difference, and the fifth column is the equivalent thermal load (million 
BTU/day) on the building using the appropriat~ factors indicated in the table 
for either heating or cooling. The sixth column is the energy requirement of 
a solar system using the appropriate factors indicated in the table for heat­
ing and cooling months. The eighth column is the estimate for domestic hot 
water, which includes residents• requirements as well as the laundry which 
serves the equivalent of three apartment buildings. The last column is the 
average daily thermal energy requirement by month of a solar collector array 
to meet the heating, cooling and water heating needs. It is seen that the 
large energy requirement occurs for cooling in the summer months of July/ 
August, and is accentuated by the c.o.p. of the absorption cycle used for 
cooling. · 

The solar system design and sizing were based on the above thermal load 
requirements. 

2. SYSTEM DESIGN 

Collector Array Sizing: There is no insolation data recorded for Austin, the 
nearest stations being San Antonio and Fort Worth. The data used in the 
analysis of collector performance was a composite* of meteorological hourly 
weather data for Austin. Hourly total and direct solar radiation was calcu­
lated from hourly cloud cover and type. A comparison of the monthly average 
results for total radiation agreed well with recorded San Antonio data, and 
in addition, the daily direct normal radiation levels agreed well with the 
recent data of Boes et al. (5). 

In the preliminary design and selection of components,both a high quality 
flat plate collector and a concentrating collector were compared. The result 
was that the concentrating collector resulted in better system economics and 
was thus selected. This .was largely a result of the collection temperature 
requirements for cooling, where the earlier version of.the Arkla Industries 
25 ton absorption chiller (WF-300) was assumed. 

The concentrating collector selected was the Northrup, Inc., linear 
Fresnel tracking concentrator mounted in east-west rows on the building. 
Table 2 presents the daily average collection by month for the Northrup, Inc., 
tracking linear Fresnel collector, for a 20° tilt and for 200°F and l30°F 
average collection temperatures in the summer and winter seasons respectively. 
These average data are a result of hourly calculations using the composite 
year weather tape. Considering that meeting approximately 65% of the annual 
load by solar is desireable, a collector array size of 1280 ft2 was selected. 
The monthly results are shown in Table 3 where the data are shifted l/2 month 
from the data in Tables 1 and 2. 

*A composite year of real weather months was used with specific weather 
months from different years chosen that were 11 typical 11 months. 
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Table 2. Energy Collection from Northrup Collector, 20° Tilt# 

-
Month Ta T * c QD Qu n 

oF oF BTU/day BTU/day (-) 

1-2 56 130 1239 636 . 51 ]- Space & Water 2-3 57 130 1514 830 .55 
3-4 63 130 1828 1066 .58 Heating 

4-5 73 200 2009 898 .45 -
5-6 81 200 1903 841 .44 
6-7 86 200 2000 924 .46 
7-8 90 200 2082 1012 .49 - Cooling & Water 
8-9 91 200 1989 967 .49 Heating 
9-10 83 200 1887 882 . .47 

10-11 75 200 1594 661 . 41 .. -
11-12 60 130 1191 631 .53 ]- Space & Water 12-1 56 130 1069 499 .47 Heating 

-
Ta -Average ambient tempe~ature during collection.period; Tc -
Average collector inlet. temperature; Q0 - Average daily beam 
radiation on collector; Qu - Average useful daily energy col­
lection; n - Average daily efficiency based on beam radiation 

#These calculations are for 20° tilt; however the collectors are actually 
tilted at 25 and 30 degrees. This will slightly increase winter time 
performance and slightly 'aecrease summer time performance; however the 
overall performance should be essentially the same. 

*Note that the collection temperature was assumed to be l30°F (average) 
during the heating season months while it was assumed to be 200°F 
average during the cooling season months .. Since the WFB-300 absorption 
water chiller operates .well below 200°F at capacity sufficient for this 
project, somewhat greater collection will be realized in practice. 

The heating and cooling loads for the building and laundry room are shown 
by month in F.igure 1. When the absorption chiller coefficient of performance 
is accounted for in the cooling season, the resulting daily demand on the 
collector array by month is shown by the solid curve in Figure 2. The dashed 
curve in Figure 2 is the daily energy collected for each month by the 1280 ft2 
collector array. One observes slight deficiency during the heating season, 
some excess (waste) during the spring and fall and considerable deficiency 
during the cooling season where the solar equipment meets approximately one­
half of the load. 

Heating and Cooling System: In the preliminary design the Arkla Industries 
WF-300 absorption chiller was assumed. However after the contract was re­
ceived Arkla's new 25 ton absorption chiller (WFB-300) became available. 
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Table 3. Energy Analysis for Northrup Collector* 

Month Daily 
Required Avail. Def(Waste) 

106 BTU 
day 106 BTU 

day 106 BTU 
day 

1 .BB .73 . 15 
2 . 71 .96 (.25) 
3 .59 1.23 (.64) 

4 .87 1.04 (. 17} 
5 1. 34 .97 .37 
6 2.03 1.07 .96 

7 2.62 1.17 1.45 
8 2.44 1.11 1. 33 
9 1.83 1.02 .81 

10 .95 .76 . 19 
11 .57 .73 (. 16) 
12 . 81 .58 .23 

% Waste ( 1 0%) 
% Deficiency 35% 

*Note there is ~nticipated to be approximately a 10% loss of collected 
energy due to miscellaneous losses; thus the areas considered reflect 
these losses (i.e. a collector area of 1280 ft2 with 10% losses is 
equivalent to 1150 ft2 without losses.) 

... 
This unit with a mechanical pump, permits operation at temperatures as 

low as 165°F input hot water at reduced capacity. The maximum (peak) collec­
tion during the cooling season is approximately 205,000 Btu/hr which corre­
sponds to a cooling capacity of 9.4 tons. Since the peak cooling load for 
the building is substantially less than the 25 ton:rated capacity, the unit 
was installed with the reduced hot, chilled and cooling water flow rates 
which permit operation at the normal (derated) 15 ton capacity; A 40 ton 
water cooling tower was also installed. 

A two pipe system was selected to distribute chilled or hot water to a 
(solar) fan-coil unit in each of the twelve apartments. These solar fan-coil 
units are in parallel with the existing OX coil and resistance heating 
element, with back draft dampers incorporated in both the existing and solar 
units to permit proper operation when each is activated. 

Domestic hot water is produced by circulating through a heat exchanger 
bundle located in the hot water storage tank. 'This water is circulated to 
the water heater in each apartment and also to the hot water heater in the 
laundry room, where it provides preheated makeup water to each tank during 
demand. · 
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Thermal Storage: Since the solar cooling system is substanti~lly deficient in 
capacity during the cooling season, a large chilled water storage capacity is 
unnecessary; however some chilled water storage capacity is incorporated to 
provide a buffer between the chiller and the load to reduce cycling of the 
chiller. The major energy storage is hot water. During peak cooling demand 
the chiller has sufficient capacity provided the hot storage vessel is above 
approximately 165°F. The storage consists of a 4740 gallon hot water storage 
tank and a 500 gallon chilled water storage tank. During the peak heating 
season the storage capability is slightly less than two days. Because the 
system (solar) is greatly deficient in meeting the peak cooling system load, 
during this season storage is not critical. The 500 gallons of chilled water 
storage results in a chiller cycling time of no less than l/2 hour during 
peak cooling load of approximately 10 tons. Each storage vessel is of mild 
steel construction with a 75 psig rating, mounted vertically and insulated 
with at least 2 inches of polyurethane foam. An expansion tank is incorporat­
ed in the collector loop/hot tank/chilled tank system. 

Mechanical Building: A building to house the solar heating and cooling me­
chanical equipment was constructed adjacent to the east end of the apartment 
building. The building is 20 X 24 ft2, with a two story portion to accommo­
date the large 4740 gallon hot water storage vessel and a one story portion 
on top of which is located the 40 ton water cooling tower. 
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Collector Arrangement and Mounting: The 128 collectors (10 ft2 each) are 
mounted on the roof in seven banks (six banks of 20 on the apartment building 
in two rows and one bank of 8 on the equipment building). The back row of 
collectors is mounted at a 30 degree tilt and elevated (30 in. legs) while 
the front row is mounted at a 25 degree tilt and low (6 in. legs) to minimize 
shading of the back row. Each of the seven banks has a tracking unit. Col­
lectors are spaced on 24 inch centers and the rows·are aligned with the build­
ing. The collectors are mounted on concrete pads to provide a level base for 
the banks and an equivalent 400 lb per collector to withstand wind loading. 

3. SYSTEM OPERATION 

Figure 3 presents a schematic of the important components and arrangement 
of the system. 

In the collection mode,· pump (P-1) 
pumps water from the bottom of the hot 
tank to the collectors (all in parallel) 
and back to the top of the hot tank. 
The collector pump is actuated by a 
differential thermostat sensing the 
temperature difference between the 
upper manifold ot one of the collector 
banks and the bottom of storage. Col­
lector tracking is accomplished auto­
matically by sun sensors and the 
electric motor/cable drive unit on each 
bank. When the sun is down or the 
insolation level drops significantly 
(i.e. a storm) the collectors are 
driven due east. 

The distribution lines to ano from 
the collector are sufficiently insu­
lated to eli~inate freeiing in our 
climate; however, the collector re­
ceiver tubes are relatively unprotected 
and freeze prevention in them is 
prevented by solenoid drain valves 
on each of the 7 banks of collectors. 
The solenoid drain valves are actu­
ated by a single thermostat mounted 

I Pump 
(P-1) 

Hot Water 
Storage Tank 

Val'le(V-3) f 
(Healing/Coaling) -

Figure 3. Solar Heating and 
Cooling System Schematic 

Chilled 
Water 
S11Jra9t 
Tank 

under the receiver tube of one of the collectors when the receiver tube tem­
perature drops below approximately 35°F. Upon actuation, a solenoid valve in 
the air conditioning water makeup line is closed to prevent inflow of makeup 
water, and air vent valves on the upper manifold of the collector banks per­
mit drain down to the level of the inlet manifold .. Reset of the freeze pre­
vention solenoid valves occurs at 45°F. To prevent overheating in the col- , 
lector loop an overheat sensor mounted in the upper manifold of one collector 
bank interrupts the collector tracking if the collector output exceeds 230°F. 

Domestic water is preheated in the heat exchanger bundle mounted in the 
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hot tank and is continuously circulated by pump (P-6) out to the apartments 
and laundry room to be available as preheated makeup water to the water 
heaters on demand. 

A season selection switch for solar heating and cooling is provided with 
four positions: Cooling, Auto, Heating, and Off. In the Cooling position 
only chilled water circulation is permitted; in the Heating position only hot 
water circulation is permitted, and in the Auto mode there will be circulation 
of either heating water or chilled water depending on the outside temperature, 
normally set at 65°F. If the outside temperature is below 65° the system is 
placed in the heating mode (only hot water may be distributed), while if 
above 65°F the system is placed in the cooling mode (only chilled water may be 
distributed). The Off position deactivates the solar heating and cooling 
system and turns control back to the conventional systems in the apartments. 
The subsequent discussion considers the Auto mode. 

When the outside temperature is less than 65°F, valve (V-3) is positioned 
such that pump (P-2) circulates (hot) water from the hot tank to the apart­
ments. A diverting valve (V-1) directs withdrawal from either the top or 
middle of the tank, depending on heating load and tank temperature, the pur­
pose being to preserve hot water in the top of the tank if possible. When the 
outside temperature is greater than 65°F, the system is switched to the 
cooling mode, with valve (V-3) positioned such that pump (P-2) circulates 
water through the chiller, the chilled water storage tank and out to the 
apartments. Under most conditions in the cooling mode, pump (P-4) delivers 
hot water from the top of the hot tank to the generator of the absorption 
chiller and back to about mid-level of the hot tank, pump (P-3) circulates 
cooling water between the cooling tower and the absorber and condenser of the 
chiller; and pump (P-2) is circulating the chilled water simultaneously. In 
reality the control logic permits some variation on the above. 

When any apartment thermostat calls for heating that apartment•s solar 
fan/coil is activated if the circulated water is above nominally l00°F; 
otherwise its conventional resistance heater/fan is activated. If an apart­
ment thermostat calls for cooling,that apartments solar fan/coil is activated 
if the circulated water is below nominally 60°F; otherwise, its conventional 
electric OX/fan unit is activated. 

4. PROJECT STATUS: 

The construction (installation) was effectively completed in the late fall 
1978. Since that time the system has been operated in all modes; however only 
for brief periods and not in a completely automatic mode. The reason for this 
is in part a result of unusually poor weather conditions this winter, but more 
importantly a result of two significant problems with the system which involve 
the mechanical contractor. One is a controls problem in which some control 
wiring was not installed according to specifications, and the other is domes­
tic hot water distribution piping which also did not meet specifications. 
After some considerable delay, both of these problems are being rectified by 
the contractor as of this writing, and it is expected that the system will be 
fully operational in July 1979. Figure 4 shows a view of the installation 
looking toward the northwest, with the mechanical building on the right. 
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Figure 4. Gateway Solar Heating and Cooling Project 

Several problems have arisen during this project. A recurring problem 
over the last year has been that of roof leaks . The tar and gravel roof was 
about 5 years old when retrofit began and was in good enough condition to 
have been probably satisfactory for a few more years; however with the col­
lector installation and considerable foot traffic, leaks have developed . The 
problem has been rectified at least temporarily; however it remains a con­
tractural problem. We have not experienced serious problems with collector 
alignment and leaking as others have reported with the Northrup collectors; 
however after a rainstorm some collector misali gnment has been noted and some 
minor leaking at the swivels has recently been observed. We have had to 
replace several tracking motors as well as several shear pins. Northrup Inc. 
has redesigned the snap connectors on the collector inlets and outlets by 
incorporating a short flexible hose and this appears to be a good change . 
The tracking drive unit has also been modified by Northrup; however there 
still appears to be a weakness in that the shaft is not securely mounted in 
the motor. The control wiring problem has caused a very serious delay in 
making the system operational. The installation of the wrong domestic hot 
water piping (iron pipe instead of copper) has not permitted solar water 
heating., Both of these problems are being rectified. 

A fina l comment is in order . The problems that have arisen to date in the 
installation and operation of the system are not readlly "solar" problems. 
They revolve around roofing, controls, piping and electrical work. However 
the problems are definitely related to solar in that the controls are 
~enerally somewhat more complex, the installations are somewhat different 
(collectors mounted on roof) and the technicians are generally not yet 
familar with the unique influences that solar has on heating and cooling 
system design. 

Subsequent to receiving the contract for this project, funding has been 
obtained from the Department of Energy and the State of Texas (Energy 
Development Fund) to conduct a thorough evaluati on of the system over a two 
year period. To date all temperature, flow rate, solar insolation, wind, 
relative humidity and power sensors have been installed in the system. A 
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data acquisiton system is to be received in late summer 1979, but in the 
interim a smaller data logging system is being used to monitor the system. 
This data, recorded on magnetic cassette tape is transferred to disc storage 
and processed on the Mechanical Engineering Department's Digital Equipment 
Company PDP 1140 computer system. The data reduction program for this 
analysis is currently being developed. 

The system design, component sizing and projected performance were based 
on average daily data for each month and did not account for system, weather 
and load dynamics. A part of the evaluation of the system is to model the 
system performance using the TRNSYS program. This is now being initiated . 
Also, since this is one of several similar existing buildings, an eval uation 
of the solar system performance for the retrofitted building will be assessed 
in terms of prior energy use patterns in it, as well as ongoing energy use 
patterns in the other buildings with conventional systems. 
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90% Solar Heating & 70% Solar Cooling 

Citizens Mutual Savings Association 

Ray M. Perkins, P.E . 

Citizens Mutual Savings Association is headquartered in 
Leavenworth, Kansas, some 40 miles west of Kansas City . The 
association was founded in 1884 and , after numerous growth 
expansions, had finally outgrown the urban facilities and 
decided to move to the suburbs. The Board of Directors decided 
that their new facility should set a precedent for the entire 
community; that they should be a leader rather than a follower , 
and therefore, made a decision to incorporate solar heating and 
cooling into their growth plans . 

The design intent, then , was to develop a system that would save 
energy, utilize solar energy to its utmost, that would be 
economically feasible and virtually maintenance free . The 
Owner, in one of the many review sessions, stated that his 
business was that of saving and the lending of money, and no~ 
the operation of mechanical systems . He, therefore, directed 
the design team to produce a system that would be completely 
automatic and would not require his attention and service. 
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The building site is unobstructed .. by trees and other structures 
that could cau s e shadow casting on the solar collectors . 
Surface parki ng is provided on the south and east side of t h e 
bui l d i ng, thus a dding to the potential for diffuse radiation 
collecti on . A major thoroughfare passes the site on the west 
s i de . 

Building orientation is such that the collector panels have a 
heading of due south and are sloped approximately 40° to the 
horizontal . Leavenworth is located slightly above the fortieth 
latitude . There are 120 flat plate panels connected in a 
series/paralle l arrangement with three panels in series and i n 
p arallel wi t h all other groups of three . The collectors are 
Sunworks " Selec tor" with single glazing an d their special 
c oating. 

There a r e two floors in the building, each havi ng 6,000 square 
feet o f a r ea , or a total of 12,000 square feet gross area. 
Approximate l y 9,000 square foot is heated and cooled by the 
solar system , 6,000 on the firs t floor and 3,000 on the l ower 
level . The upper floor, or first floor, contains all the normal 
banking facil i t i e s, including teller spaces , bookkeeping, vault , 
and private and general office spaces . 

The Ener gy Code in the State of Kansas requires that new 
buildings cannot have a heat loss greater than 19 BTU ' s per 
square foot of floor area. The Citizens Mutual Building , since 
i t is so well insu lated , has a heat loss of 13 BTU's per square 
foot, considerably below the state code requirement. The roof 
has a " U" f a ctor of . 04 or a resistance of 25 , whereas the 
composite " U" f actor of the wall/window is .1526 or 6 . 55 
resistance . The windows, which are double glazed, equal 12% o f 
t he total exterior wall area . Resistance of the wall area 
without glass i s 11 .54 . 

Interestingl y enough, the air conditioning load of a s i milar 
build i ng des i gned prior to the energy crunch would have been on e 
ton for every 300 square feet of floor area. The Cit i zen s 
Mutual building has a requirement of one ton air conditioning 
load for ever y 666 square feet of conditioned space, or one ton 
for every 88 8 square feet of gross area . In other words , 
Cit i zens ' h as a heating load equal to 70% the state maximum and 
a cooli ng load requirement less than 50% of the previ ously 
accepted values. 

In an effort t o establish the solar design approval, a review 
was made of t he heating degree days and the expected full load 
cooling ho urs f or the Leavenworth Building . In TABLE 1, degree 
days and annua l full load cooling hours are tabulated for 
various locati on s . 
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Leavenworth, Ks. 
Dallas, Tx. 
New Orleans, La. 
Tampa, Fl. 

TABLE 

Heating 
Degree Days 

5200 
2400 
1400 

700 

Cooling 
Full Load Hours 

1000 
1200 
1400 
1500 

It became apparent after reviewing the data in TABLE 1 that the 
design approach had to consider heating as the most important 
aspect of the solar design. The annual cooling requirement of 
Leavenworth is 67% of Tampa, yet the heating is almost six (6> 
times greater. 

With the design approach established, nine computer runs were 
made to determine the ideal choice of collector type and array 
stze. The computer runs included tracking concentrating and 
flat plate type of various sizes. Life Cycle Costing was 
completed on each of various combinations. Table 2 lists three 
of the computer runs, all of flat plate collector type, giving 
the pertinent data. 

Collector Area 
'Number of Panels 
Cost/Sq. Ft. of Panel 

· Heating io of Annual Load 
Cooling % of Annual Load 
Cost/Earning Ratio 

-

TABLE II 

Alt. 111 

2220 
120 

$54.30 
91% 
70io 
100 

Alt. 112 

1665 
90 

$66.16 
69io 
56% 
125 

Alt. 113 

1332 
72 

$75.41 
55% 
48io 
162 

Alternate No. 1 was chosen for implementation due to the lowest 
cost/earning ratio. The other computer runs were for tracking 
collectors,. heating only and cooling only. None were as cost 
ef~ective as the chosen Alternate No. 1. Since heating was the 
major concern, the largest volume of solar heated water was the 
goal. Studies indicated that 100° water would meet the peak 
heating requirement, whereas cooling required 190°. This data 
led to the selection of the flat plate collector and its ability 
to collect mo,re diffuse radiation over the tracking collector. 

The building orientation and arrangement indicated a need for 
five zones of temperat~re control. System design was five water 
to· air heat pumps with an outdoor cooling tower, and five solar 
heated absorption units for cooling. Following is a tabulation 
of space temperatures and the corresponding system mode of 
operation: 
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Space Temp. 

78° 

76° 

Mode of Operation 

Auxiliary Heat Pump Cooling 

Solar Absorption Cooling 

Economizer Cooling 

Solar Direct Heating 

Solar Assisted Heat Pump 

Auxiliary .With Heat Pump 

Solar absorption cooling will handle the entire cooling load as 
long as sufficent quantities of 190° water are available. A 
chilled water pump and piping system transfer the absorption 
cooling to the air stream with a coil in each zone duct. The 
absorption units are all in·parallel on the chilled water loop 
and ar.e staged on as required to maintain the chilled water 
supply temperature at 45° F. Variable flow through the 
collector was provided to assist in delivering the highest water 
temperature possible. The solar water storage tank capacity of 
6,000 gallons was divided into two (2) three thousand gallon 
tanks, one for summer (higher temperature) use and both for 
winter (highest volume) use. 

Solar direct heating, accomplished with a coil in the air stream 
of each zone, will provide total heating as long as the solar 
heated water is 90° or higher. If solar heated water is below 
90° and above 68°, the solar assisted heat pump will provide the 
necessary heating at a coefficient of performance of 
approximately 2.85. Between the need for direct solar heating 
and absorption cooling, the outdoor and return air dampers will 
modulate to provide cooling by natural means from cool outdoor 
air. 

The system, then, included a water to air heat pump for each of 
five (5) zones in series with a chilled water coil and hot water 
(solar water) heating coil. The additional fan resistance 
necessitated the addition of a booster fan in series with all 
five (5) zone heat pumps and connected to the common return air 
and outdoor air duct. Air filtration was accomplished at the 
booster fan and deleted from the individual zone hea,t pump. 

The main banking area has a vaulted ceiling, following the pitch 
of roof and offering ·an ideal opportunity to pick up the 
stratified hotter air at the roof peak in the winter •. High 
return air was provided for winter operation and a low return 
for summer. Supply air to the individual spaces was through 
floor grilles, thus permitting the circulation of lower 
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temperature air for heating, a situation .well suited for direct 
solar heating. 

The solar system, as stated earlier, will provide 91% of the 
heating and 70% of the cooling, and is completely automatic. 
The Owner had instructed the designers to "keep the system 
simple"; that their business was "savings and loan and not 
mechanical system operation". With these instructions in mind, 
the designers set out to provide the automatic system. 
Approximately 20% of the system cost was for temperature 
control, or almost $11.00 per square foot of collector panel. 
The control system is pneumatic, because of cost advantages, and 
includes step controllers for sequential control of absorption 
units. 

Six months of operating experience has b~en'gained with the 
completed system. Only minor problems have b"een encountered to 
date. Power failure, with the sun shin·ing, was the first 
problem. A rapid increase in collector temperature and pressure 
occurred and the safety relief valve functioned as intended, 
with . the resulting loss of antifreeze solution. The relief 
valve didn't operate until the collector circulation pump was, 
restarted on power restoration. A check of the system piping 
found that the Contractor had installed the relief valve at the 
pump discharge rather than at the expansion tank connection 
(point of no pressure change) as called for on the design 
drawings. A relocation of the relief valve has eliminated this 
problem. 
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INTRODUCTION 

CITY OF HUNTSVILLE 
SENIOR CITIZEN'S CENTER 

SOLAR HEATING AND HOT WATER SYSTEM 

W.R. Dickson 

This project is an important architectural project in the sense that 
esthetic considerations were equally as important as solar technology. The 
site is the visual centerpoint of Huntsville's major park area. The project 
is completely surrounded by fine public buildings. 

Hopefully, the project demonstrates that solar systems can be interest­
ing integral elements of good architectural solutions. The collector system 
arrays are used as primary architectural treatments and provide the dominat­
ing element of the entire design. 

EXISTING BUILDING ORIENTATION 

This project is retrofitted to an existing building. The nearest toward 
south facade actually faces 34° east of south. Absorber surfaces, therefore, 
required a tilt back toward south. 

INTEGRATED PREFABRICATED SOLAR ARCHITECTURAL PANELS 

There are twenty-six ful§Y assembled solar architectural panel units. 
Each unit was crane-lifted to~pre-installed steel angle mounts. Panels are 
twenty-six feet long and six and one-half feet wide. These are thin-shell 
precast fiberglass reinforced concrete and are self-spanning between two 
steel mounting angles. Each preassembled panel included insulation sealed in 
cover glass and absorber plate with stub-outs to the collector fluid manifold. 
Exposed faces of panels are in two planes each at thirty degrees to the panel 
back. These planes form a center ridge. The absorber assembly is recessed 
into the westward of the two face planes. This tilts the absorbers toward 
the south to correct for the building orientation. 

ARCHITECTURAL AND CONSERVATION ADAPTATIONS 

The solar architectural panel arrays are flanked by new end wall adap­
tations. These are designed to harmonize with mass, line and angles of the 
solar arrays. These walls are provided with additional insulation as a con­
servation measure. 

Existing full glass walls·on the north and east were redesigned. Each 
alternate window panel was covered with a new insulated facing panel. 
Remaining single pane glass was replac~d with doub~e glazing. 

ABSORBER PLATES 

Absorber plates are aluminum fin tube construction with single row 
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copper tubing. The fin tube configuration entraps diffused radiation from 
a wide range of directions. Consequently, test results indicate a relatively 
higher radiation absorption under light overcast conditions. Diffusing cover 
glass aid this effect~. 

HEAT TRANSFER SYSTEM 

The solar heat transfer·system is designed with a "fail safe" philosophy. 
The collector loops are totally sealed. They contain two hundred thirty 
gallons of Dow Corning Syltherm 444. This is a relatively inert fluid which 
boils at 600°F and freezes at minus 120°F (-120°F). These loops contain 
compressed air expansion tanks and are never drained down. All pipe in this 
system is copper and all joints are high melt type solder. No rubber or 
synthetic gaskets are used and expansion loops are used instead of exp·ansion 
joints. Pumps are in-line canned types or standard types with high perfor­
mance seals. 

Building heat is stored in a 3,000 gallon atmospheric vented insulated 
water tank. Heat is transferred to this water from collector loop fluid by 
single wall tube-in-shell exchangers. Heat for domestic hot water to pre­
heat storage is transferred from one of the two collector fluid loops with a 
double walled exchanger which is vented between walls. This exchanger is 
welded copper construction of a proprietary design by Solar Unlimited, Inc. 
It has excellent transfer characteristics from collector fluid to water. 

Stored solar heat is distributed throughout the building with conven­
tional pre-existing hot water heat distribution equipment. 

Back-up heating is by pre-existing gas-fir~d boiler. 

ADMINISTRATIVE, DESIGN TEAM, SOLAR HARDWARE SUPPLY, CONSTRUCTION & COSTS 

Administrator for the City of Huntsville was Glenn Wallace, Landscape 
Architect and Director of the City Parks and Recreation Department. 

Project Architect and Overall Coordinator was W.R. Dickson, Architect of 
Dickson and Associates, Huntsville, Alabama. 

Solar Sy$tem Designer was Bruce Novell, Design Engineer of Solar Unlim­
ited, Inc., Huntsville, Alabama, with other engineering support from his 
company. 

The solar hardware supplier was Solar Unlimited, Inc. of Huntsville, 
Alabama. By separate negotiated contract with the City, this company supplied 
all of the specialized solar system components and solar engineering design 
technology. By agreement, they functioned as a~sociated professional support 
to the architect. 

The architect designed the build1ng adaptations and coordinated all work 
into complete drawings and specifications and provided conventional contract 
bidding procedures and construction supervision. 
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The construction contract was awarded to Parker Construction Co. of 
Huntsville, Alabama, and provided for all adaptations to the building to 
receive solar hardware, conservation modifications, architectural treatments 
and complete assembly and installation of all items furnished by the City 
under separate contract with the solar hardware supplier. 

By separate negotiated agreement, Solar Unlimited, Inc. will furnish 
operating maintenance and system monitoring. 

Solar hardware supply & design contract. 
Coristruction contract. . • •.• 
Architectural fees . . • 
Estimated contingencies. 

Total project cost. 

• $ 79,834.00 
95,700.00 
12,000.00 
1,000.00 

• $188,534.00 

BUDGET & COST CONTROL 

The approved complete cost budget for this project was $180,000.00. 

The completed cost was $188,534.00. 

Three factors contributed to this relatively successful cost control 
result. 

OPERATIONS 

1) During the early'design concept stage, the design team did 
extensive cost studies. This work compiled cost data for 
all anticipated cost items and developed the recommended 
budget which was approved. 

2) Cost studies were strictly applied as design guidelines. 
3) A special public relations program was instituted to interest 

building trade contractors for the project. General and 
special invitations were issued to contractors and sub­
contractors to attend a pre-bid briefing. About 150 people 
attended this briefing. Complete plans and specifications 
were shown and discussed and an illustrative construction 
model and all proposed solar equipment was illustrated and 
explained. 

Currently, no major problems with the solar system have occurred. The 
system functions as intended and shows promise of meeting performance 
objectives. It has not been in operation long enough to be fully evaluated. 
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Days Inns 

Solar and Energy Conservation. Systems 

James A. Grissett, Jr. 

The purpose of this paper is to give a brief history of Days Inns 
experience in Solar and Energy Conservation Systems and our plans for the 
future. 

In April of 1970 Days Inns opened their first 60 unit motel at 
Savannah Beach, Georgia. By the end of 1973 there were about 200 locations; 
when the Oil Embargo of 1974 was imposed. Today there are over 301 
locations and over 42,000 rooms in the chain. 

Days Inns formed their Energy Conservation Group at the beginning of 
the 1974 oil crisis and has.used this group to review, study and implement 
the various Energy Conservation Programs for the Day Companies. We 
literally looked at hundreds (lOO's) of methods to conserve energy and 
have rejected about as many as we have looked at and tested on our units in 
the field. ' · 

The energy conservation program was initially set up to be initiated 
in three (3) phases with the following general categories: 

Phase I: Those items which could be put into effect immediately 
such as manually resetting thermostats, turning off 
equipment when not in use, improved maintenance, etc. 

This involved'more attention from our local managers 
and personnel but did not involve additional cost. 
It was our experience that this phase could reduce the 
respective utilities by 15%-25% depending on the 
particular conditions existing at the site. 

Phase II: Those items which required the addition of devices or 
controls to restrict usage, load management, reviewing 
utility rates and metering arrangements. 

This involved investigation of the systems, testing, and ; 
cost effectiveness of the various devices. We set up 
our range of optimum payback of 6 months and not to 
exceed 18 months. 
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The results of this phase include a water conservation 
package where we installed devices on 10,000 rooms during 
the summer of 1978 which gave us an average payback per 
room of about 2 months. 

We currently have under test about 1500 key operated 
devices with high low limit override installed on room 
A/C units. We have monitored these for about 12 months 
and comparisons with previous year indicate up to 25% 
reduction in Electrical Consumption. 

Phase III: Those items or areas which require the addition to or 
modification of existing systems including Solar Energy, 
alternate energy sources, heat recovery, etc. 

We did not specifically set a fixed limit on payback 
on these type systems, but in general, felt those areas 
impacted by·energy sources subject to 10% or more annual 
esculation rates ·with a proj ect.ed payback of not more 
than 8 years were our prime target' areas. 

The remainder of this paper gives a brief outline of our experience 
with Phase III Solary Energy Systems. 

Days Inns first Solar System was installed at our Anderson, S. C. 
unit (I-85 and S. C. 187), which was put into operation in November, 1977. 
This was an "open" drain down type, with 750 ft.2 of collector, 1000 
gallon storage designed to heat 40% of the 1800 gallons of hot water 
needed per day for the 116 room Days Inn and Lodge complex. The cost 
of the project was $20,325.00 of which the U. S .. Department of Energy 
funded $10,163.00. The anticipated payback by using solar energy to 
pre-heat the hot water i~·seven (7) years ba~ed on the total proiect 
cost. This project has been written up in previous D.O.E. project 
summaries for readers interested in the details. Also refer to 
Figure I and II attached for actual operating history. 

Current Solar Projects Under Construction and Future Proposed 
Projects: 

Based on our experience with the Anderson. S. C. Days Inn, we 
currently have three (3} additional sy?tems under construction and 
eight (8) additional systems planned. 

The Department of Energy's grant of $167,037.00 will be matched by 
an equal amount from Days Inns, disbursed over a one year period. 
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These funds will implement installation of projects using solar 
energy to heat hot water in 11 Qays Inn properties 1n the South and 
Southwest. 

Each solar hot water system will c.ost an estimated $30,000.00. 
Installations are scheduled on a four stage cycle which began March, 
1979, with a completion date of mid-March, 1980. 

The following agenda details the Days Inns to receive the solar 
installations and the specifics: 

Stage I 3-15-79 6-15-79 Contracts were awarded on March 15, 
1979, for completion by June 15, 
1979 for the following: 

Unit 1 

Unit 2 

Unit 3 

Stage II 6-15-79 9-15-79 

Unit 4 

Unit 5 

Unit 6 

409 

I-85 & Shallowford Road 
Atlanta, Georgia, with Welchel 
Solar Enterprises, Inc. 

I-95 & Cagle Road 
Jacksonville, Florida, with 
Independent Living, Inc. 

Abercorn & Mall Boulevard 
Savannah, Georgia, with Solar 
Designs of Taylors, South 
Carolina, and M. 0, Seckinger 

I-4 & Florida 436 
Altamonte Springs, Florida 

I-45 @ NASA/Webster 
Houston, Texas 
Contractor to be determined at 
later date 

I-635 & 2753 Forest Lane 
Dallas, Texas 
Contractor to be determined at 
later date. 

Co. 
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Stage III 9-15-79 12-15-79 

Unit 7 

Unit 8 

Unit 9 

Stage IV 12-15-79 3-15-80 

Unit 10 

Unit 11 

Typical Hot Water Preheat System: 

I-30 & 6222 Beltline Road 
Dallas, Texas (Garland) 
Contractor to be determined at 
later date 

I-45 @ S. Wayside or I-45 & 
Cavalcade, Houston, Texas 
Contractor to be determined at 
later date 

U. S. 27 & Florida 19 
Clermont, Florida 
Contractor to be determined at 
later date. 

Proposed Days Inn in 
Raleigh, North Carolina 

Proposed Days Inn in 
Columbia, South Carolina 

The solar hot water plant is in effect, a hot water preheat system. 
The solar system is composed of flat plate collectors arranged in parallel 
rows facing South. The collectors, are placed on the roof of the Days 
Inn, with a total collector area of not less than 1,000 square feet, 
and a storage tank of not less than·l,OOO gallons. 

Each. solar system is designed to heat approximately 65% of the hot 
water needed per day for the Days Inn or Days Lodge complex. The 
anticipated payback by using solar energy to heat hot water is projected 
not to exceed seven years based on the total project cost. 

Stage I ~ Unit 1 (Atlanta, Georgia) above should be in operation by 
the end of July, 1979; Unit II_ (Jacksonville, Florida) went into operation 
on June 19, 1979 and Unit III $avannah, Georgia) went into operation on 
June 22, 1979. Refer to Figure II for Solar Sununary comparing existing 
Anderson, S. C. unit with the three (3) units under Stage I construction. 
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Conclusions: 

1. Compare economics of available energy sources and utilities for 
each project; 

2. Arrange with utilities for most economical rate and mc~tcring 
arrangement~ 

3. Solar Energy has proven most cost effective for Days Inns to 
preheat domestic hot water where existing energy source is 
electric exceeding 3¢/KWH. 

4. ~Keep systems simple as possible including close-coupled piping 
systems, standardized design:~packaged components where available, 
utilize factory mounting assembles where possible and shop 
fabrication of sub-assembly units. 

. ~ 
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Summary of Data 

FIGURE I 

ANALYSIS OF SOLAR HEATING SYSTEM 
Days Inn - Anderson, S. C. 

Nov. '76 Nov. '77 
to to Net Percent 

Oct. '77 Oct. '78 Difference Difference 

Total KWH 1,102,800 1,124,400 +21,600 2% 

Total Electric Bill $28,971.60 $31,308.24 +$2,336.64 8% 

Total Rooms Rented 27,984 30,912 +2,928 10% 

KWH/Rented Room 39.4 36.4 -3.0 7.6% 

Electric 
Cost/Rented Room $1.04 $1.01 $0.03 3% 

Conclusions 

1) The fact that the usage of electri~ity rose 2% and price paid for 
electrical service rose 8% indicates that the cost of electricity 
increased roughly 6% between the two periods. 

2) The fact that the amount of energy used increased by only 2% and 
that the number of rooms rented increased by 10% indicates that 
7.6% less electricity was used per rented room after the solar 
system .was installed. This corresponds to a 3 KWH savings per 
rented room. 

Calculation of Savings 

Yearly savings = (total rooms rented) X (KWH saved/rented room) X ($.03/KWH) 

Yearly savings = (30,912 rooms) X (3.0 KWH/room) X ($.03/KWH) 

Yearly savings= $2,782.08 

Payback period on DIA investment. 

Payback period = $10,000 = 3.6 years 
$ 2,782 
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Electric Rate 

Avg. Temp. °F 

FY78 Electrical 
Consumption ($) Motel Only 

Min. Design Load 
(% of Hot Water) 

Est. Gross Annual Savings 
(Annual $ x 15% est. Hot 
Water x Design Load) ($) 

% of Site Load 

Est. Net Annual Savings ($) 

System Cost to DIA 
(1/2 Actual) ($) 

Payback (yrs) 

Anderson 
S.C. (67) 

$0.035/KWH 

62 

$30,948 

40% 

$ 1,857 

100%. 

$ 1,8S7 

FIGURE II 

SOLAR SUMMARY 

Shallowford 
Lodge (88) 

$0.038/KWH 

61 

$40,814 

6S% 

$ 3,979 

100% 
(SO% if only 

1 bldg.) 

$ 3,979 
($ 2,782.08 Act.) .($ 1,989) 

$10,000 

5.4 Years 
(3.6 Act.) 

$18,042 

4.S Years 
(9 Years) 

Savannah 
Mall (94) 

$0.042/KWH 

67 

$42,4Sl 

SO% 

$ 3,184 

100% 

$ 3,184 

$15,000 est. 

4.7 Years 

Jacksonville 
Cagle Rd. ( 41) 

$0.049/KWH 

69 

$115,200 

65% 

$ 11,232 

45% 
(120% of 266 Unit~ 

$ 5,054 

$ 1S;823 

3.1 Years 
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Solar System Corporat.:e Headquarters Offj r.P. Building 
Georgia Power Company 

Walter R. Hensley 
Dwight Jones 

2 
The GPC building (See Figure 1) is composed of two elements, a 472,000 ft 
24-story office tower with an adjacent 294,000 ft2 solar collector crowned 
3-story low-rise. The office tower will house homogenous office space. The 
low-rise will house multiple special use functions, such as training facili­
ties, data processing facilities, TV studios, kitchen, print-shop, carpenter 
shop, vehicle maintenance facility and GPC's computerized load management 
center which controls the utility's entire power supply network. 

The building has been designed to minimize energy consumption. Its orienta­
tion, proportion, and shape were selected for their energy conservation char­
acteristics. The building's outer skin material, which is all glass, was 
selected because the reflectivity of the glass rejects larger amounts of 
solar radiation than other skin materials such as concrete, stone, aluminum, 
or various other metal panels. Its light weight obviates the need for struc­
tural support and foundation, and it is economical in terms of initial cost 
and maintenance. To further inhibit solar heat gain, transparent vision glass 
has been reduced to a physiological and psychological minimum. On the east 
and west facades, windows have been eliminated altogether. Service cores 
that include unoccupied spaces, such as elevators, stair towers, mechanical 
rooms, storage room, etc., were located adjacent to the east and west walls 
to serve as additional thermal barriers. The south and north walls will be 
built of 50% vision glass. The vision glass in the south wall will be shaded 
in the summer months by setbacks and sunshade tubes. The north wall will be 
sheer and unshaded. All vision glass will be bronze double glazed (reflective) 
panels. Nontransparent walls will be insulated spandrel glass with bronze 
reflective coating to match the vision glass. 

A task-oriented lighting scheme using ceiling mounted 2' x 2' deep cell 
parabolic fluorescent fixtures was devised to provide 60-70 ESI (Equivalent 
Spherical Illumination) footcandles to task locations. The lighting scheme 
will consume only 1.65 watts/ft2 which is 2 to 4 watts/ft2 less than the 
average Atlanta office building. An open and semi-open offtce plan ma2am1zes 
light distribution from the fixtures and takes advantage of natural light 
from the vision glass. 

The office tower H.V.A.C. system utilizes the latest state of the art variable 
air volume air delivery system with one supply air handling unit per floor. 
Interior control zones are supplied through a variable air volume induction 
box that induces ceiling plenum air to mix with primary air to maintain mini­
mum air changes to occupied space. Exterior control zones are supplied 
through a powered induction box with variable volume primary air damper, 
constant volume fan and electric duct heater. Electric duct heater is locked 
out until primary air damper is closed and is also interlocked with the light­
ing system to limit duct heaters to 60% when lights are operating. Each air 
handling unit has full sized outside air and relief air dampers to provide 
enthalpy controlled air side economizer. Relief air is ducted down to 
provide ventilation air for mechanical equipment room, telephone equipment 
room and for make-up air to kitchen range hoods. 

415 



The low-:-rise H.V.A.C. system consists of special types of air delivery 
systems that provide space thermal conditioning for many separate and varied 
occupancies. Variable air volume delivery systems are generally provided 
in all areas.. However, in some areas where constant volume .is required, 
a bypass multizone system is employed. All air handling systems in the low­
rise will also be equipped with air side economizers. 

The building hydronic systems are comprised of five subsystems: 

1) Chilled water 
2) 
3) 
4) 
5) 

Heating hot water 
Condenser water 
Solar energy collection, and 
Solar energy utilization. 

A conventional closed loop chilled water system utilizing two 650-ton 
centrifugal chillers will supply chilled water for building cooling. The 
second chiller is equipped with a double bundle condenser to use the heat 

· of rejection for building heating. In addition to the e·lectric driven 
centrifugal chillers, a 260-ton solar heated hot water driven absorption 
refrigeration machine will provide chilled water for building cooling. The 
absorption machine can operate in series or parallel with either of the 
electrical driven centrifugal refrigeration machines. A 300,000 gallon 
baffled underground chilled water storage tank is included to be used 
during the day to reduce the building peak electrical demand. · It can be 
charged from either of the electric driven refrigeration machines at night 
during off-peak hours or from the solar driven absorption refrigeration 
machine on weekends and holidays or during winter months when chilled water 
demand is minimal because of enthalpy controlled air side economizers on 
all air handling systems. The 300,000 gallon chilled water storage tank 
has been calculated to be approximately 80% efficient and can. supply 
chilled water to carry the entire building for three hours. 

Heating hot water is supplied to the low-rise structure and the first three 
floors of the office .tower. Heat of rejection from the double condenser 
bundle chiller will be used ·to heat the low-rise or will be stored in the 
two 25,000 gallon tanks. The 50,000 gallons of hot water produced during 
the day from eithe~ heat of rejection or solar energy can be used to heat 
the low-rise at night. Even though computer simulations have never indi­
cated a need for a conventional source of heat, a 720 kw electric boiler 
will provide necessary back-up and standby capacity. 

r 

Condenser water system provides condenser water to each refrigeration 
machine. The cooling tower is.located on trade adjacent to the south 
wall of the low-rise. 

The Solar Energy Collection System (SECS), consisting of 23,760 ft2 of 
parabolic trough concentrating collectors located on the low-rise roof, 
collects and transfers solar energy by means of solar heated fluid to a 
heat exchanger. This energy will be used for building heating and cooling 
as well as for domestic water heating. The SECS will be capable of dis­
placing 10-15% of the required purchased energy for the entire building 
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and can provide one-third of the peak cooling load for the building. 
A unique feature of the SECS is the fact thaL it has been selected through 
a competitive bid process in which 14 solar collector manufacturers were 
invited to submit fixed price guaranteed performance proposals. The bid 
package stressed reliability and cost P-ffectiveness. This achievement 
makes a significant step in helping to move the emerging solar collection 
industry out of the realm of government funded research and development 
and into the commercial market place. The successful solar contractor 
was Jacobs- Del Solar Systems Inc., Pasadena, California. 

The Solar Energy Utilization System (SEUS) is designed to interface the 
SECS with the building heating, cooling, and domestic hot water systems. 
SEUS circulates solar heated hot water from the heat exchanger in the SECS 
through the 260-ton absorption refrigeration machine to provide chilled 
water for cooling; through a heat exchanger in a 2,500 gallon domestic 
hot water tank or through heat exchangers in each of the 25,000 gallon 
building heating hot water storage tanks. 

A sophisticated computerized central control and monitoring system (CCMS) 
controls all building life safety functions, security functions, and 
environmental control systems. This computer-based digital control system 
selects the most energy efficient method of maintaining environmental 
conditions. The energy supplied by the solar energy collection is the 
first priority of the control system. Number two priority is dependent 
on the building load, time of day, time of year, and projected building 
load. 

Final preconstruction energy usage analysis (See Figure 2) indicate that 
building energy consumption without credit for solar will be 53,880 BTU/ 
S.F./Yr, a 43 percent reduction from ·the 94,353 BTU/S.F./Yr of a comparable 
typical office building in Atlanta, Georgia. Use of the solar system 
will drop annual consumption to 46,276 BTU/S.F./Yr (See Figure 2). 

This building, despite its innovations, will cost only $42.00 per square 
foot, which is comparable to any typical corporate headquarters office 
building. The solar energy collection system, which cost $1,050,000, 
is not included in this price. 

The solar array of 1481 Del concentrating parabolic trough collectors with 
fixed receiver tubes (See Figure 3) are arranged in eleven sub-arrays 
(See Figure 4) with the collectors spaced at 4' - 7" centers in a north­
south orientation. 

Each parabolic concentrator is composed of glass mirror segments. Each 
segment is 24" long, sagged to the appropriate parabolic shape and back 
silvered. The silvering is protected from the weather by the glass on the 
reflecting side and an inert, non-porous coating on the other side. The 
mirrors concentrate the sun's rays onto the stationary receiver tube po.si­
tioned at the focal point and center of rotation of the parabola. The 
focal point is on the center of gravity of the concentrator. 
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Each collector has been designed to minimize field maintenance and repair. 
The second surface mirrors will·not degrade, and accidental breakage is 
mollified by the mirror segment approach. If necessary, replacemen~ of 
individual mirror segments. in the field is easily accomplished in a few 
minutes by one person. 

Criteria for Selection of Trough Size 

A. Small mirrors· can be more easily shaped. to the final parabo­
lic contour and do not require a supporting substructure 

:.~,. 

like honeycomb ·or plywood which can change dimens1.on and 
optical figure with long exposure to the weather. 

B. Best compromise relative tome effect of-wind loads on the 
cost of collector structure and foundation requirements. 

C. Easy to mass produce - can be handled by one person on the 
production line. 

D. Mirror tooling costs are less for small mirrors. 

E. Small mirrors are easily packaged and shipped. 

F •. Ease of field maintenance. 

Criteria for Selection of Back-Silvered·Glass Reflector 

A. Glass can be sagged to the final parabolic shape without the 
need for a supporting substructure. 

B. Glass is inert and durable; mirrors of this type have been 
exposed to the elements for over 25 years without loss 
of reflectivity in the pilot model of the solar furnace 
at Odeillo - Font Romeu, France. 

C. Silver has the best reflectivity (97.7%) of any material 
known for one air mass solar spectrum (ref. Haas, Solar 
Energy, Vol. 9, No. 1, 1965). 

D. Second surface glass mirror provides required weather protec­
tion for the silver (absorbtivity of low iron glass is 6%). 

E. Glass is a low cost material and in high volume worldwide 
production. 

Stationary Receiver Tube 

The fixed, hard-mounted steel receiver tube is ~" O.D. and is plated with 
a selective coating of black chrome over dull nickel (Spec. N7512329) 
(NASA TM-X-3126) on its outer surface. This coating has an absorbtivity of 
0.95 and an emissivity of 0.15 (0.25 at 6000 F). The energy transport fluid 
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makes a single pass through .each receiver. Since the steel receiver tubes 
are in a completely fixed position and do not move, fluid leaks will be 
eliminated. 

The heat absorption efficiency of this kind of system is strongly dependent 
on the size of the receiver tube. For a given flow rate, smaller receiver 
tubes have higher liquid film coefficients and transfer the solar energy 
to the transport fluid within the tube more effectively. In addition, heat 
losses from the receiver tube decrease as the tube ·diameter decreases. 

Each receiver tube is surrounded by a non-evacuated 38 mm. O.D. pyrex 
glass tube to reduce convection losses and protect the selective surface 
from the weather. The receiver tubes are connected using standard fittings. 
These inter-connections are insulated with. stock-size, commerc'ially · 
available material. 

Criteria for Selection of Tube Size (~" O.D.) 

A. Best compromise between thermodynamic performance and power 
required for pumping. 

B. For a given liquid flow rate, small receiver tubes transfer 
the solar energy incident on the tube to the liquid within 
more effectively due to higher velocities and film coeffi­
cients. Heat loss from·the receiver tube decreases as the 
tube diameter decreases. 

C. Easy to make leak-tight pipe connections using small hand 
tools. 

Criteria for Selection of Tube Material (1015 steel) 

A.. Hard-mounted, non-moving receiver tube. system (receiver tubes 
and connections between receiver tubes) .eliminates the need 
for moving seals, which are always a potential lead problem. 
Steel will easily meet code requirements for pressurized 
operations. 1 

Criteria for Selection of Pyrex Glass Insulating Tube (38 mm O.D.) 

A. Pyrex will withstand thermal shock. 

B. Standard, commercial size (38 mm O.D. 2 mm wall) closest 
to optimum annualar gap prescribed for ~" O.D. receiver tube. 

General Specifications 

Concentrator 
·Projected area 
Pointing or aiming slope error 
Figure slope error 
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24 in. x 96 in. 
±1. oo or less 
0.5° or less 



Mirror reflectivity 
Mirror thickness 

Receiver - Insulating Pyrex Glass Tube 
Outside diameter 
Wall thickness 
Emissivity 
Transmissivity of solar flux 

Receiver - Steel tube 
Outside diameter 
Wall thickness 
Length ' 
Absorbtivity (average) 
Emissivity at 600° F 
Emissivity at 2120 F 

Tracking System Description 

0.90 minimum 
0.120 in. 

38 mm 
2mm 

0.90 
0.90 

0.50 in. 
0.028 in. 
96 in. 
0.95 
0.25 
0.11 

A Delavan photo sensor unit looks at the sun and controls the power to the 
reversible motor which drives a shaft. The shaft transmits positive 
rotary motion through a worm gear at each concentrator. A number of 
concentrators can be rotated by each drive motor. The drive system is sealed 
for protection from dust and water and is compact and low in cost. The 
control system logic will place the reflecting surfaces face down at night 
and at other times if desired. This automatic system also includes a manual 
switch for service convenience. For inital on-site focusing, the tracking 
drive mechanism includes a means for .individual adjustment of each 
concentrator. 

The system~has been designed so that the stationary receiver is on center of 
gravity of the rotating system. This minimizes the size of the motor and 
reduces the cost and wear associated with unnecessary weight. 

Criteria for Selection of Tracking System Arrangement 

A. Low cost and high reliability. 

B. Precise alignment is easily maintained by the Delavan sensor 
and solid state control system. 

C. Mechanical advantage of worm-drive system is inherently 
self-locking relative to wind load turning moments. 

D. Parts are stock items. 

Field Installation 

To facilitate field installation, the collector has been sized for handling 
by·two people. The time and skill required to install each collector is 
modest. Each collector is bolted to the support structure through four 
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over-size holes. Two plumbing connections-fluid in and fluid-out are 
required with the connectors already attached to the collector. The track­
ing drive shaft must be connected to the adjacent collector's drive shaft. 
A 24 volt. d.c. connection is required for the motor and a sensor serving 
a number of colJP.r.tors. 

The fr.ame is made from square steel tubing which is readily available and 
easy to weld and align during construction. 
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SECS SCHEDULE 

Award of Contract or Notice to Proceed • 15 March 1978 

Initiation of SECS Design ' • • • 1. April 1978 

Sandia Laboratory·Collector Test Reports • • 30 April 1978 

DOE Design Review . . . . . . . . . . . 1 June 1978 

Initiate Quarterly Reports to DOE . . . . . . . . . 
Desert Sunshine Collector Test Reports • • 

SEUS Out for Bid • 

SEUS Bids Received . . . . . 
Award of Contract/Building Groundbreaking . . . . 
Submission of Final SECS ·Shop Drawings . • . . . . 
Access to Roof for Installation . . . . . . . . . 
Substantial Completion (Beneficial Occupancy) 

Final Completion • • • • • • • • 

End One Year Jacobs-Del Warranty Against· • 
System Failure 

End Five Year Jacobs-Del Warranties 
Against Defect and Corrosion 

. . . . . . . 
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• 15 June 1978 

• 30 June 1978 

1 July 1978 

. 1 September 1978 

1 October· 1978 

1 January 1980 

1 July 1980 

1 December 1980 

1 January 1981 

1 Janaury 1982 

1 January 1986 



PROJECT SUMMARY 

(Georgia Power Co.) 

Building~ 
Selected Features 

Office/Operational Facilities 

General 
Site: 17 acres, urban 
Area: 766,000 gsf 
Floors: Tower, 24 

Base, 3 
Construction: 

Tower - steel frame with 
glass curtainwall 

Base - prestressed concrete 
with brick exterior 

Total Project Cost (inc~ land): 
$62.5 million 

Completion: December 1980 

Design Data 
Occupancy : 
Operation: 

2,400 
Tower - 40 hrs./wk. 
Base - 168 hrs . /wk. 

Heating Degree Days: 3,095 - 65°F 
Cooling Degree Days : 1,589 - 78°F 
Winter Temps: Indoor, 72°F 

(55oF setback) 
Outdoor, 23°F 

Summer Temps: Indoor, 78°F 
Ourdoor, 92°F 

Energy Use (predicted) 
Summer Peak Demand: 14.8 Btu/ft2 

Winter Peak Demand: 15.2 Btu/ft2 
Consumption: 53,880 Btu/ft2/yr 
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End core thermal buffer 
South window setback & sun­

screens 
80% exterior insulated span­

drel glass (U=0.05) 
20% reflective insulated 

vision glass (U= . 53, 
SC=0.23) 

Adjacency of interrelated 
functions 

Clustering of 24 hr/day func-
tions 

Earth berming - base building 
Enthalpy economizer 
Lighting system - 1.65 Watts/ 

ft 2 
Variable air volume terminal 

units - interior zones 
Powered induction box with 

electrical heat - exterior 
zones (no reheat) 

Central computer building 
control 

23,760 ft2 of lineal parabolic 
trough tracking collectors 

50 , 000 gallon hot water 
storage tank 

Solar space heating 
Solar absorption space cooling 
Double bundle chiller 
300,000 gallon chilled water 

storage tank 



Fig. 1 - View of Building From the Southwest 
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Keynote Address 
by 

Mr. Lawrence Levy 
President, .fuu:t_b_e_ast Solar En~_r_gy_ ~enter 

Northern Energy Corporation --
at the 

U.S. Department of Energy•s Regional Solar Updates 
Philadelphia, Pennsylvania 

July 29-31, 1979 

It is indeed a pleasure and a privilege for me to be your Conference 
Co-Chairman at this important meeting sponsored by the Department of 
Energy (DOE), and to deliver this keynote address. The Northeast 
Solar Energy Center (NESEC) is also pleased to be your host for this 
Regional Update on solar energy. 

The primary objective of my remarks this morning is to set the tone 
for this conference. A great deal of effort has gone into its pre­
paration, and we have been fortunate in assembling an excellent group 
of speakers, panel chairmen, and panel and round table members. I 
know that this Update will furnish all attendees with valuable infor­
mation on the progress of solar energy 'demonstration and data pro­
grams, as well as provide important insights on where future oppor­
tunities may lie in this growing field. I believe, also, that you 
will all recognize that solar energy has progressed from its status 
as reported at this same Regional Update last year. 

I will not dwell on the current statistics about our energy situation, 
and how serious our domestic and international problems are because 
of our excessive dependence on oil, particularly foreign imports. I 
know that you are all familiar with those facts. I will say, however, 
that unless we find alternat'ives to our use of oil, in a reasonable 
time, these National problems will continue to multiply. It is my 
firm conviction that solar energy offers one very promising alterna­
tive, and it is this challenge that brings us all here today. 

In the time allotted to me, I would like to briefly cover three prin­
cipal areas. At the outset, I want to place very recent important 
events in the energy field into perspective, and give you my assess­
ment of what they mean for the solar industry. Secondly, I want to 
describe the mission and-responsibilities of the Northeast Solar 
Energy Center, and what we are doing to help bring about the commer­
cialization of solar energy on an accelerated time scale. And lastly, 
I want to make some observations on advancing technology, and its 
potential effect on the contribution that solar energy could provide 
to our future energy picture. 

There is little question that events of the past several weeks have 
placed a new focus on solar energy. I am referring to the President•s 
message on solar energy of June 20, at the time he dedicated the 
solar hot water system on the White House; and his major address to 
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the country of July 15 on the Import Reduction Program. Both of 
these messages are re 1 a ted, and have an impact on the future of so 1 ar 
energy, the solar industry and the consumer. 

The importance of the June 20 message is that the President set a 
goal of 20% contribution for solar by the year 2000. It should be 
reco§nized that this message and its stated objective were an out­
growth of the Domestic Policy Review (DPR) which was started over a 
year ago by the White House~ While one might argue that the goal 
should be higher, the significance of the message is that a goal -­
albeit a "challenge goal" -- was set. This is the first time that 
any administration has postulated such a goal for solar energy, along 
with the outline of a program to help achieve it. The Import Reduc­
tion message reaffirms the statements made in the earlier message, 
and provides additional information and recommended programs to 
implement the Solar Bank and tax credits for a variety of solar 
options. One of the main themes of the Import Reduction message is 
conservation, which has to be the hand in glove partner of solar. In 
view of these initiatives, I believe that we are beginning to see, at 
last, a building momentum for solar energy. 

A breakdown of the 20% goal for the country, by solar option, was 
formulated by the Office of the Assistant Secretary for Policy and 
Evaluation of the Department of Energy. I have taken this breakdown 
and divided the individual National solar option goals by a factor of 
4 for the Northeast. The Northeast Region, by definition, consists 
of nine States: Connecticut, Maine, Massachusetts, New Hampshire, 
New Jersey, New York, Pennsylvania, Rhode Island and Vermont. The 
population of this Region is about 50 million people, or slightly 
less than one-quarter of the total population of the country. Al­
though there are other factors to consider in apportioning specific 
contributions by solar option, at this point dividing the total goals 
by four is certainly realistic. Figure 1 shows the National and 
Northeast Region goals. You will note that for a projected 95 to 100 
Quad {lol5 Btu's) energy demand for the year 2000, as specified by 
DOE, the total National solar goal is 18.0 Quads. For the Northeast, 
our share of this goal would be 4.50 Quads. 

As you can see from this figure, the total of 18 Quads includes both 
low and high head hydroelectric. For my presentation today, I will 
omit any discussion of hydro, and so, if you subtract out that par­
ticular option, the remaining solar technologies would total 3.425 
Quads for the Northeast. 

I thought that it would be interesting, as well as useful, to see 
what those projected solar Quad goals mean in terms of equipment or 
systems installed by the year 2000. I did some calculations on all 
of the options (excluding hydro), and, of course, made some assump­
tions for several important factors. These included the average 
insolation in the Northeast; the performance of the various techno­
logies or options as we know them today; and for the solar thermal 
options, the average number of square feet of collector that might be 
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Energy 
Corporation (jNorthern 

Y Northeast Solar .Energy Center 

SOLAR GOALS FOR YEAR 2000 . 

20% OF 95 TO 100. QUAD SUPPLY 

SOLAR OPTION U.S. TOTAL* 
QUADS 

HYDRO 4.3 
(HIGH AND LOW HEAD) 

BIOMASS 5.4 

RESIDENTIAL HEATING 2.0 
AND COOLING 

PASSIVE 1.0 

AGRICULTURAL AND INDUSTRIAL 2.6 
PROCESS HEAT 

WIND 1.7 

PHOTOVOLTAIC 1.0 

~ Ll t 

TOTALS 18.0 Q 

NORTHEAST SHARE 
QUADS 

. 
. 1. 075 

1.35 

0~ 5 . 

0.25 

0.65 

0.425 

0.25 

4.50 Q 

*REF.: PRESIDENT CARTER's SOLAR ENERGY MESSAGE OF JuNE 20J 1979 

BREAKDOWN AS RELEASED BY OFFICE OF AsSISTANT SECRETARYJ 
PoLicY AND EvALUATION} DOE 
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required for various specific types of installations. My main objec­
tive was to get a picture of the magnitude of what these goals mean, 
and while the calculations were not performed on a computer, realistic 
assumptions based on empirical or established data were used through­
out. A more detailed analysis might refine the results somewhat, but 
my intuitive feeling is that they would not change significantly. I 
must also stress that the calculations were performed based upon pre­
sent day technologies and associated installation costs. 

The first option considered was Residential Heating and Cooling, with 
a Northeast goal of 0.5 Quads. This category also includes commercial 
usage and represents the total of all solar space heating and cooling 
and hot water. Figure 2 shows a plot of millions of square feet of 
collector versus calendar years from 1980 to 2000. The plot indicates 
that in order to achieve 0.5 Quads, there would have to be 3,333 mil­
lion (or 3.33 billion) square feet of collector installed by the year 
2000. Assuming an average of 500 square feet of collector per instal­
lation~ we would have 6,666,000 installations by that time. The 
figure of 500 sq. feet per installation reflects commercial usage in 
the mix of installed systems. I have also spotted on the curve the 
number of installations required in five-year intervals beginning in 
1980. At an installed cost of about $35 per square foot -- and in 
1979 dollars -- we are looking at potential sales of over $116 bil­
lion for this category for the twenty year period beginning in 1980 
and en ding in the year 2000. There is no quest ion that this is a 
significant amount of square feet and related number of installations. 

Similar calculations were performed for the other solar options, and 
the next one, Figure 3, is for biomass -- which is wood burning. For 
biomass, in order to achieve the goal of 1.35 Quads, it would take 45 
million cords of wood per year to generate that much energy .. While 
this seems like a tremendous amount of wood, if those cords -- which 
measure 4ft. wide by 8ft. long by 4ft. high-- were placed side by 
side, they would cover an area of only 51.65 square miles. As the 
figure indicates, the forested area of the nine Northeast States is 
over 100,000 square miles. The Northeast could easily produce that 
amount of wood, but the problems are in the management of the forests, 
the lumbering operations and in transportation and delivery to user 
sites. 

The solar goal for wind energy for the Northeast is 0.425 Quads. In 
order to get an idea of the number of wind machines required to gen­
erate that much power, it was necessary to- assume a mix of wind 
machine sizes which were: 50% at 5 KW, 25% at 25 KW, 15% at 200 KW 
and 10% at 1 MW. Figure 4 shows the results, and it is interesting 
to see that with the assumptions made, there would have to be 170,800 
wind machines by the year 2000 in the mix of sizes just described. 
The 5 KW machines would probably be for residential or special uses; 
the 25 KW might be utilized in farm applications; the 200 KW for 
small communities or industrial complexes; and the large 1 MW might 
be associated with utility or large industrial complex usage. 
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Energy 
Corporat.on (jNonhern 

"~ Northeast Solo. Energy Center 

SOLAR GOAL FOR YEAR 2000 

NORTHEAST 

BIOMASS 

1.35 QUADS MEANS 45 MILLION CORDS OF WOOD 

THIS NUMBER OF CORDS PLACED SIDE BY SIDE 

COVERS AN AREA= 51.65 SQ. MILES 
4~ 

NOTE: THE FORESTED AREA OF 9 NORTHEAST STATES IS OVER lOOJOOO SQ. MILES 

FIGURE 3 
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I will not describe the details of the calculations made on the other 
options, but will simply show a summary of the results in Figure 5. 
You will note that in addition to the options just described, the 
calculations indicate that for Passive, there would have to be 3.10 
billion sq. ft. of glazing; for Agricultural and Industrial Process 
Heat, 3.61 billion square feet of collector; and for Photovoltaics, 
378 million square feet of solar cells. 

For just the solar thermal options of Residential Heating and Cooling 
and Agricultural and Industrial Process Heat, we are talking about a 
total of 6.71 billion square feet of collector by the year 2000 . 
That represents a market of $234 billion over the next twenty years. 
For the Passive option, at about $20 a square foot installed for 
glazing material, we are talking about $62 billion, exclusive of 
other materials used in passive design. While we are just at the 
beginning of the growth of the solar industry, achievement of these 
goals indicate huge potential markets for solar equipment in the 
years ahead. There is little question in my mind, therefore, that 
major solar business opportunities do exist. 

We are now faced with the problem of how to achieve the goals and 
thereby bring about the more rapid utilization of these needed energy 
sources. This leads me to a brief description of the Northeast Solar 
Energy Center, which is a division of Northern Energy Corporation, a 
not-for-profit company located in Cambridge, Massachusetts. The 
Center is operated under contract to the Department of Energy, and 
reports to the Office of the Assistant Secretary for Conservation and 
Solar Applications. We are one of four such Regional Centers around 
the country, and our nine-State Northeast Region consists of the 
States previously mentioned. Our mission is to help bring about the 
more rapid commercialization of solar technologies and conservation 
integral to solar applications. In effect, we are utilizing Federal 
funds to stimulate the private sector to develop solar energy pro­
ducts, processes and services, and to remove the barriers to consumer 
use of these technologies. In carrying out this mission, we work 
closely with the member States of the Region, and all elements of the 
private sector . We must recognize that the commercialization of 
solar energy, and the attainment of the goals previously discussed 
will be achieved by the private sector, but this task cannot and will 
not be accomplished without the support of the Federal Government and 
the active participation of the States. 

Since the beginning of our implementation phase in May, 1978, we have 
been engaged in an increasing number of activities at the Center that 
we believe can contribute to the utilization of solar energy on a 
time scale that will be much shorter than if left to normal market 
forces. Our primary project activities are currently focused in the 
solar hot water and passive solar areas. We are also now beginning 
commercialization oriented projects in solar space heating, agricul ­
tural and industrial process heat, biomass (wood), wind energy and 
photovoltaics . 
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Northeast Solar Energy Center SOLAR GOALS FOR YEAR 2000 
NORTHEAST 
sur~MARY 

OPTION QUADS ALTERNATIVE REQUIRED 

BIOMASS 1.35 45 MILLION CORDS OF WOOD 

RESIDENTIAL HEATING 0.50 3.33 BILLION SQ. FT. OF COLLECTOR 
& COOLING 

• 
.p. PASSIVE 0.25 3.10 BILLION SQ. FT. OF GLAZING w • -...I 

AGRICULTURAL & INDUSTRIAL 0.65 3.61 BILLION SQ. FT. OF COLLECTOR 
PROCESS HEAT 

WIND 0.425 170J800 WIND MACHINES (5 KW ro 1 MW) 

PHOTOVOLTAICS 0.25 378 MILLION SQ. FT. OF SOLAR CELLS 

. TOTAL 3.425 QUADS 

USE OF THESE ALTERNATIVES WOULD SAVE: 
570 MILLION BARRELS OF OIL EQUIVALENT PER YEAR 

FIGURE 5 



.. 
The Center has four operating divisions that are equally important to 
the total process of commercialization, and their names really define 
this process: Planning and Assessment, Industrial Development, Com­
munications and Technology. In our Planning and Assessment Division, 
we are conducting an on-going assessment of the resources of the 
Region that can be brought to bear on assisting the commercialization 
process in an environmentally acceptable manner. In addition, we are 
continually surveyin'g the energy needs of the Region to see where it 
may be possible to utilize solar systems, and thereby reduce our 
dependence on oil. We are also engaged in assisting DOE with its 
planning efforts in the solar area. 

In our Industrial Development Division, we are providing technical 
and marketing assistance to small companies and individual iiwentors, 
and finding ways to bring venture capital and banking sources together 
with the developers of solar technology. In addition to working with 
the solar industry and addressing the problems. of the consumer, we. 
are trying to stimulate other sectors of the economy important to the 
commercialization process including: bankers, insurers, appraisers, 
labor union officials, educators and utility personnel. 

In our Communications Division, we are conducting a number of out­
reach activities aimed at supplying technical and related information 
on solar energy to the dev~loper community and to consumers. We also 
have an active education program in which we work with State agencies 
and others in developing solar curricula for grade schools, high 
schools, vocational schools and community colleges. We are conduc­
ting public information programs, workshops and are participating in 
trade shows with the objective of better acquainting the public at 
large with the potential of solar energy. We also maintain an 
expanding solar energy library which is open to the public. 

Our Technology Division provides the sound technical base for all of 
our activities. Our computerized data bank for the Region is a part 
of this Division•s operation, and its capacity is growing every day. 
In addition, we provide systems and engineering support, both within 
the Center and to the solar community, to those technologies that 
offer maximum short-term potential for commercialization, and which 
fit our Regional requirements. I should perhaps mention that we have 
not been involved in the demonstration and solar data programs 
directly, but are monitoring this activity closely as part of our 
overall mission. · 

Our professional staff includes economists, architects, lawyers, com­
puter scientists, educators, engineers and specialists in marketing, 
finance and business. We are an act ion-oriented organization whose 
objective is to help create a solar energy industry, and its infra­
structure, as rapidly as possible. 

As far as advancing technology is concerned, I am quite convinced 
that it will have a dramatic and positive effect on the products and 
processes that we will see in the solar energy field over the next 
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twenty to twenty-five years. In developing this point, 1t is illumi ­
nating to see what pruuuds or sys terns we t ind in 1 arge seale commer­
cial usage today, that did not exist twenty-five years ago. In the 
electronics field, we have the transistor, integrated circuits, 
digital computers, hancl held calculators -- and even television. 111 
optics, we have the Xerox copier, Polaroid instant colar stills and 
movies, and the telecopier. In aviation, we have commercial jet air­
liners. Who in this room could have predicted even half of these 
developments twenty-five years ago? The year 2000 is slightly more 
than 20 years away . What I am saying is that I do not believe for a 
minute that there will not be similar technological developments and 
advances in the solar energy field by then. Given the proper re­
sources, I am convinced that solar energy in all of its currently 
known options, and in some that have not even surfaced, will make a 
significant contribution to the future energy supply of the country. 

In conclusion, I would like to say that there is little question that 
if we do not succeed in finding alternatives to our high dependence 
on oil, our political, economic and defense viability as a Nation 
will begin to disintegrate in the years ahead. We are truly in a 
desperate race to regain our energy independence. I am confident 
that we can succeed, but to do so, it is mandatory that an all-out 
effort be made to mobilize the technological and management resources 
of the country . This mobilization must include all those who have a 
contribution to make such as the individual inventor, small and large 
industry, and universities. It will require the establishment of 
new, novel and flexible relationships among the Federal and State 
governments and the private sector. Above all, this mobilization 
must include mechanisms for cutting through red tape, so that 
important contributions can be made on a timely basis. Since this is 
not now the case, herein lies one of the great institutional chal­
lenges of all times for our country and its people. 
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An Overview of 
Six HUD Solar Demonstration Projecto 1.n New EnglanJ 

by 

James G. Serdy 

This paper and visual presentation reviews six completed solar demonstration 
projects which were awarded funding grants under the Department of Housing 
and Urban Development Residential ~olar Demonstration ~rogram. These 
projects include new construction buildi;g integrated and retrofit applica­
tions, both low and high rise. Solar Design Associates of Canton, 
Massachusetts was responsible for the energy systems design and engineering 
on these projects. 

"Forest Edge Condominiums", the first five unit cluster of a 33 unit solar 
residential development lo~ated on the south face of Birch Hill in 
North Conway, New Hampshire was awarded a grant under Cycle 2 of the U.S. 
Department of Housing and Urban Develbpment's Solar Residential Demonstra­
tion Program. The builder/developer was Kearsarge Building Co., Inc., 
Main Street, North Conway. 

Energy conscious design was first priority on this project. Among the 
principles employed were: heavy foamed in place insulation, a positive 
vapor/infiltration barrier, minimum north wall glass, party walls, large 
south facing walk-out sliding glass window walls for passive solar gain, 
earth sheltering to the 2nd floor on the north side, air lock entrances and 
a long sloping north roof for wind deflection. 

The south roof is pitched at latitude +10° to receive 40 Daystar model 21-A. 
flat plate solar collectors. A common 1,000 gallon steel storage tank 
serves all units on a first call basis through water to air heat exchangers 
located in the supply ducts to the individual unit gas fired hot air 
furnaces. Domestic hot water preheating is accomplished through a heat 
exchange coil in the storage tank. 

Heat transfer from the solar collectors is accomplished through the use of a 
non-toxic 60/40 glycerin/water solution (Daystar Solargard P) and a single 
separation heat exchanger. 

Overtemperature protection for the Daystar polycarbonate "heat trap" inner 
glazing (model 21-A collector) required the use of external heat dump panels 
in a thermal siphon configuration. These units were later found by the 
manufacturer to be inadequate, and a stand-by power system was installed by 
Daystar to insure continuous circulation of coolant. Secondary protection 
is provided by a continuous purge of the system by city water in the event 
that a temperature/pressure relief valve opens. However, the anti-freeze 
coolant would be diluted in such an event. 
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The project was completed in late summer 1978. Very good performance was 
reported by the developer for the first winter. 

Also in North Conway, New Hampshire is a garden apartment complex develop­
ment located at the foot of Cathedral Ledge. The first 12 unit cluster of a 
proposed 112 unit solar residential development by Forest Park Associates 
received a construction award under Cycle 3 of the U.S. Department of 
Housing and Urban Development's Solar Residential. Demonstration Program for 
the site fabrication of a 5,000 sq.ft: roof integrated hot air collector 
system. 

The 60° south roof was framed 24" o.c .. with select 2 x 12 rafters treated 
with urethane to prevent outgasing and for weather protection during con­
struction. Pre-cut 2" foil faced isocyanurate rigid insulation boards 
resting on furring strips provide a high temperature barrier to the house 
and a bearing surface for the "DIY-SOL" selective surface corrugated alumi­
num absorber plates. 

A double glazed panel of 40 mil. fiberglass reinforced plastic and 1 mil . 
. teflon was factory assembled on an aluminum frame with a 2" extension flap 
on the outer glazing to allow shingling of horizontal joints. The panels 
span between rafters and are held in place with aluminum "T" battens 
anchored to the rafters with gasket head lag bolts. A bead af silicone 
construction sealant is applied between the glazing panels and battens and 
around the insulation panels to insure a weather and air seal for this 
combined roof collector system. 

Collectors are mariifolded to each unit and air is circulated in a si~gle 
pass configuration .to a rock bin in the basem~nt or directly to the dwelling. 
A differential controller, a motorized damper and a two stage thermostat are 
all that is needed for the operation of the system. A manually. operated 
ridge vent is opened during -the summer to reject un-wanted heat by thermal 
siphoning. 

This project was completed during the summer of. 1978. No performance data 
is yet available. 

The Hancock House, 45 School Street, Quincy., Massachusetts was awarded a 
Cycle 3 H.U.D. residential solar demonstration grant. This 92 unit high 
rise elderly housing complex is an all electric building completed in 1972. 

The building orientation and non-load bearing roof construction required 
diagonal mounting of the collector array on long span tubular steel space 
frame trusses anchored into the perimeter masonry walls. These special· 
structural requirements represented a large protion of the total project 
cost. 

97 Daystar 21-A flat plate solar collector panels piped in reverse r'eturn 
arrays are series parallel connected in a single pumping loop served by a 
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parallel pair of 1/6 UP centrifugal pumps to insure continued. circulation 
in event of a failure of one of the pumps. ·The mechanical room and 1,000 
gallon potable water storage tank are located in a roof top. penthouse to 
minimize pumping requirements and heat loss. 

Monitoring during the first year of operation (77-78) indicated a 70% annual 
contribution and an actual savings of $7,375. 

The solar system'at Hancock House was dedicated on "SUNDAY" May 1978 
with Senator Edward Kennedy in attendance. 

Mission Towers) 180 Water Street, Haverhill Massachusetts is an all electric 
H.U.D. financed elderly housing project constructed in 1973. The 117 unit 
9 story building faces due south. 

Funding for a solar domestic hot water system was awarded on a cost share 
basis in late Spring of 1972 under Cycle 4 of the Department of Housing and 
Urban Development Residential Solar Demonstration Program. 

107 flatplate solar collectors spanning the non-load bearing roof on tubular 
steel trusses were accommodated. Because of the high cost of the structural 
interface between the solar collector support trusses and the non-load 
bearing roof system, engineering and economic trade-offs had to be made. 
resulting in the location of the equipment room on the ground level. 

Systems components include a 2,000 gallon solar storage tank, a single 
separation shell and tube heat exchanger, and daystar 21-B flat plate solar 
collectors with integral over-temperature control. 

The solar system at Mission Towers became operational in Spring 1979 and on 
clear days in May was supplying 100% of the building's domestic hot water 
needs. The system is expected to contribute 75% of the hot water require­
ment of the building at an annual savings of $8,000. 

On June 10, 1979 Senator Paul Tsongas (D. Mass.)· opened the dedication 
ceremony at Mission Towers with an address on energy policy. 

Eastern Nazarene College, 23 East Elm Avenue; Wollaston, Massachusetts 
received a Cycle 4A funding award throQgh the Residential Solar Demonstra­
tion Program administered by H.U.D. for the solar retrofit of a 160 student 
dormitory residence. 

An active flat plate solar .collector array was mounted above the roof deck 
using the parapet wall for support and ballast against negative wind loading. 

The solar system interface is with an existing campus central steam system, 
and a general up-grading of that equipment.is part of the overall energy 
program at Eastern Nazarene. 
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The system has just recently been completed and is operating well. 

Granite Place, 125 Granite Street, Quincy, Massachusetts is a new 270 unit 
high rise elderly housing project which was designed with solar 1n mind. 

Single loaded corridors on the top·floor of the east/west wings of the 
building made it possible to relate 6,500 sq.ft. of ·flat plate collector 
harmoniously with the structure and design of the building. 

Granite Place received a Cycle 4 grant from H.U.D. 's Residential Solar 
Demonstration Program to cost share in· this installation. 

The building is also equipped with a 3.5 KW peak tracking photovoltaic array 
which provides power for the pumps and controls of the flat plate solar 
system. 

A micro-processor control system is being installed to maximize the poten­
tial for domestic hot water load management at Granite Place. 

The.solar energy system at Granite Place provides nearly 100% of the 
domestic hot water heating requirements during the summer months with less 
contribution during the winter for an annual contribution of 75%·- 80%. 
The system has performed very well since start'. up in March of 1979 and 
th~re have been no problems. 

In summary, we have felt that the H.U.D. residential solar demonstration 
program has been vitally worthwhile in establishing the case for solar 
energy and we have been pleased to participate. 
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Start-up Experience and Early Operation of a College Dormitory 
Solar Water Heater - The User•s Point of View 

Edward N. Clarke and Frank R. Swenson 

Introduction 

Worcester Polytechnic Institute (Worcester, Massachusetts) has a 
retrofit solar water heater serving a dormitory housing sixty students plus 
the college infirmary. The solar system was activated for the first time on 
December 16, 1977 and has been operational since that time. In the spirit 
of helping others to avoid future problems with solar systems, this paper 
will concentrate on problem solving experiences. · 

System Description 

.With 28 G011ectors and four heat dumps in .a single array, the WPI 
system may still be the largest solar water heater in Central Massachusetts. 
The collector loop contains 36 gallons of a nominal 60% glycerol/40% water 
antifreeze mixture. An intermediate loop interconnects the system through -
two heat exchangers. Storage of hot water is provided by 8-120 gallon tanks. 
for a total storage of 960 gallons. The system has a single operating mode. 
The three pumps in the system are controlled by a single differential 
thermostat which senses the temperature difference between the storage tank 
and a collector outlet. If this temperature difference exceeds 300F, all 
three pumps are turned on, and heat is transferred from the collector to the 
domestic water. The collectors are inclined at.450 from the horizontal roof 
surface, and face 8° west of south in a normal alignment with the building. 
The original electric water heater is incorporated into the system for 
raising.the water temperature when needed. 

System Problems and Solutions 

System problems fall into the general categories of construction cost 
overruns, schedule slippage, inadequate component performance, component 
failure, and chronic problems. Each of these will be discussed in turn. 

Construction Cost Overruns 

Table 1 shows a summary analysis of construction costs. Cost of 
manufactured collectors and other hardware, and the costs of plumbing were 
on target: The largest cost overrun concerned the fabrication, assembly and 
attaching of the support structure to the roof. Fabrication of the support 
structure (off-site) was somewhat more costly than estimated, but the costs 
of on-site assembly of that structure and the roof attachment were virtually 
ignored in the original estimates and in reality were very labor intensive 
and expensive. 
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Table 1 

Anal~sis of WPI's Dormitory (Stoddard C) Solar Water Heater Cost* 

Budget Cost Excess over Budget 
All plumbing except collector 11 , 100 11,100 -0-
installation; includes piping, 
pumps, controls, heat exchangers, 
water storage tanks, etc. 
Solar collectors, heat dumps 9,373 9,373 -0-
and related hardware 
Fabricate and erect collector 5,000 13,115 8,115 
support structure for retrofit 
Collector installation 400 2,631 2 ,23'1 
Design of support structure 1 ,000 2,300 1,300 
Control and pump wiring 500 831 331 

TOTAL 27,373 39,350 11,977 

* does not include cost of solar design work. 

Collector installation proved to be more expensive than estimate~ for 
several reasons. Collectors delivered had bolt hole separations 111 different 
from that shown on the vendor's original spec sheet. Additional metal 
hardware had to be fabricated in order to attach the collectors to the support 
structure. The problems of lifting collectors into position on a large array 
had not been thought through carefully, and it was required to construct 
special aluminum ladders to use for the array assembly . 

. The overall lesson to be learned concerning construction of a solar 
system is that the labor intensive, less exotic aspects of constructing 
solar systems must receive adequate attention and planning. 

The early design analysis suggesting that one large array was less 
costly than several roof level rows of collectors was illusory. Any saving 
in plumbing cost was ultimately consumed by costly fabrication of the single 
large support structure and on-site assembly. Maintenance on one large array 
is a continuing more costly and more difficult problem. 

Schedule Slippage 

The original schedule called for the solar system to be operational in 
late August 1977. Delivery of the support structure was late and its 
assembly on the roof was not started until .October 1977. The system was 
finally turned-on for the first time on December 16, 1977. This late turn-on 
date might have been acceptable if the system had been free of problems. In 
fact, there were serious start-up problems (described below) requiring that 
we wrestle with those problems on the roof during the months of January, 
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February, and March 1978. Weather-wise those were bad months in New England 
to be working with the above-roof problems on a new solar system. 

The design, construction, and early operation of the solar water 
heater had become a shared responsibility of the designer, the project­
administrator, and the separate buildings and grounds organization. No 
single person had been assigned complete responsibility and authority for 
getting the job done. There was no general contractor. 

The lesson to be learned, of course, was that even for a modest solar 
project of this size, a clerk-of-the-works or a general contractor should 
have been assigned. This was the first solar system for all of the sub­
contractors and on-site/off-site fabricators and assemblers. Under these 
circumstances, responsibility for costs and schedules, and corresponding 
authority should have been in the hands of a knowledgeable construction 
manager. 

The other lesson to be learned is to avoid turning on a new solar 
system during December, January, or February in New England. If completion 
of construction does slip to early Winter, be patient and wait until Spring 
before turning on the system. 

Inadequate Component Performance 

The most serious single shortcoming of the installed system was the 
inability of the heat dumps to protect the collectors from overheating. 
Vendor design guidance had suggested that one heat dump would protect a row 
of ten collectors. In fact, the WPI design conservatively chose one heat 
dump per seven collectors. The design did not provide adequate protection, · 
and allowed the top two rows to overheat, with resulting damage to the 
collectors. Overheating caused melting of the top row 257°F plug with 
subsequent loss of antifreeze. The system had operated with collector 
make-up-water valve closed for fear of potential freeze damage during 
December, January, and February. We believe that human error in failing to 
reopen a water .inlet valve to loop #2 (intermediate loop) allowed a slow 
deterioration of heat transfer in heat exchanger #1 (collector loop to 
intermediate loop) and subsequent overheating of the collectors. In .a 
separate event, the pump in the collector loop failed soon after the system 
was activated. Cloudy weather and quick replacement of the pump avoided 
possible damage to the collectors • 

. Several cycles of 257°F plug melting/antifreeze loss/plug 
replacement/antifreeze replacement led to frustration and agreement among 
all parties to eliminate the meltable plug. However, this action is some­
thing like that of the frustrated home owner replacing electrical fuses that 
keep popping and finally using a copper penny only to have the house burn 
down. In WPI's case, removing the fustble plug did eliminate the winter 
problem. During the low demand period in August, however, antifreeze found 
an exit by flowing through the water inlet valve (open for the summer) in the 
reverse direction, thence through a relief valve in the basement, and into a 
basement drain. The latter failure mode was discovered in October 1978 after 
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a routine check of antifreeze s~rength. The collectors were found filled 
with nearly pure water, and required a new refill with antifreeze for the 
Winter of 1978-79. 

The lesson to be learned is that one should really be concerned about 
stagnation, low demand periods, and potential overheating of collectors. One 
must assume that future customers will get a better deal on overheat protect­
ion. 

Component Failure 

The differential thermostat controller was a ·puzzle from the beginning 
and finally failed. Initially, the controller seemed to· do its job properly 
in turning the system's three pumps on and off when required. However, the 
operation took place with considerable (external) relay chatter during the 
turn-on period, and during the turn-off period. Relay chatter destroyed the 
relay points which had to be replaced within a few months. Yet we had been 
advised that the controller was behaving properly. Eventually, however, the 
controller stopped controlling the pump in the hot water loop. Replacement 
of the controller with a new model was accomplished. With the new model there 
is no relay chatter, and all three pumps go on-and-off as they should. That 
$60 frustration could have been eliminated much earlier. 

The lesson to be learned is that early components may be inadequate, 
and that inexpensive components ought to be replaced as soon as better models 
are available. 

Chronic Problems 

The WPI collector array is made of collectors interconnected with 
mechanical unions. Small leaks develop. Tightening joints provides 
temporary help. But, as the array experiences the wide range of New. England 
temperatures, small leaks once again develop. What one learns is that the 
large surface-to-volume ratio of solar collectors emphasizes the problems 
of small leaks. An 800 ft2 array with only 36 gallons of antifreeze in the 
collector loop must be checked periodically for its liquid content and/or 
freeze protection. 

The Future o 

WPI has a functioning solar water heater, and has learned to work with 
the system's shortcomings. The system•s operation is about to be analyzed 
through a series of student projects. The system is now equipped with 
temperature sensors and flowmeters and will be interfaced through a micro­
processor to a minicomputer. WPI is obviously very interested in the · 
system's efficiency. There is some indication that the system may be 
providing a solar fraction considerably smaller than that predicted by the 
design. 
SUMMARY 

Table 2 is a summary of the problems discussed in this paper. 
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Table 2 
) 

Sy~tem Proble~s in Approximate Chronological Order 
ITEM COMMENTS 

1. Construction cost overrun 
(July - Dec. 16, 1977) 

2. Schedule slippage 
(activation Dec. 16, 1977 
instead of August) 

3. Winter activation and first 
time operation of liquid system 
(Dec. 16, 1977 - Feb. 1978) 

4. Failure of pump in collector 
loop (prior to Dec. 28, 1977) 

5. Failure to reopen water inlet 
valve to intermediate loop, 
after work on pipe. 
(Dec. 28, 1977) 

6. Melting of fusible plugs 
(Jan. 1978) 

7. Collector damage from 
overheating 
(Jan. 1978) 

8. Removal of fusible plug from 
top row. 
(March 1978) 

9. Slow failure of differential. 
thermostat controller 
(Dec. 1977 - Sept. 1978) 

10. Mechanical unions on collector 
array have chronic leaks 
(Summer/Fall 1978-Winter 1979) 

11. System efficiency is estimated 
lower than design target 
(Sept. 1978 - June 1979) 

Largely from labor intensive support 
structure and collector array assembly. 
Delivery of support str~cture was late. 
Project should have had a construction 
manager. 
To be avoided in New England. 

Quick replacement and cloudy weather 
avoided collector damage. 
Careful and regular inspections of the 
system required during the first few 
weeks of operation. 

Heat dumps did not protect the plug 
location from reaching 2570F or higher 
temperatures. Irreversible loss of 
system integrity, and resulting loss 
of antifreeze. 
Heat dumps did not protect distant 
points on the collector array 
from reaching 2570F or higher 
temperatures. 
Did not correct the basic problem. 
Antifreeze found a different flow 
path from the system, through a 
basement relief valve, during low 
demand period in August 1978. 
Earlier replacement would have avoided 
frustrations including some Summer/ 
Fall 1978 manual operations. 
Wide fluctuation of ambient tempera-

. tures in New England probably 
responsible. 
Damaged collectors in part responsible. 
Other factors yet to be determined. 
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Northeast Solar Energy Center 
HUD Solar Water Heating Program 
Status Report: Ju·ly 15, 1979 

by 

John F. Meeker 
Pro.~wam Manager 

The Northeast Solar Energy Center (NESEC) is managed under contract to 
the U.S. Department of Energy by the not-for-profit Northern Energy 
Corporation. Established in 1977, NESEC was the first of four regional 
centers created by DOE to encourage the use of solar technologies to help 
meet the nation's energy needs. The Center's specific mission is to match 
the solar energy resources of the Northeast to the energy needs of the 
region while at the same time accelerating the commercialization of solar 
energy and lessening our dependence on foreign oil. To this end the Center 
established a Solar Water Heating Program Office on February 1, 1979. 

PURPOSE 

The intent of this paper is to report the progress of NESEC's Solar Water 
Heating (SWH) Program to date. For the short term, the 1979 installation 
season, we deci.ded to concentrate on the awarding of the HUD $400 grants 
still unused in the Northeast. Since there were 1ess t.han 5,000 active 
solar systems in place, and over 6,700 HUD grants available at the begin-

. ning of the installation season (March 1), our goal was to double the 
number of solar systems in place by November 30, 1979. (See Table 1 for 
the number of HUD grants available in the Northeast as of March .1, 1979. 

Table 1 

HUD Grant Status: March 1' 1979 
Grants Grants Grants 

State Allocated Installed Remaining 

Pennsylvania 2,800 400 2,400 

New Jersey 1 '725 275 1 ,450 

Massachusetts 1 ,375 190 1 '185 
New York 867 267 600 

Connecticut 750 150 600 

Rhode Island 250 45 205 

New Hampshire 200 15 185 

Vermont 150 20 130 
TOTAL 8, ll7 1 ,362 6,755 
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Through this effort, we could generate $17 million (6,755 grants x an average 
system cost of $2,500) in sales of SWH systems in 1979, almost all of which 
would stay within the reg.ion. 

Our original market development activi~y indicated that the initial installed 
cost of $2,500 was a barrier. The public was not aware that the HUD grants 
or the federal tax credits were available. To attain our goal we embarked 
on a three-pronged attack to ·inform the public that incentives were available 
which would reduce the initial cost to a reasonable level. We coordinated 
our efforts with industry, the states, and the media. 

Industry 

First, we met with the solar industry, both manufacturers and installation 
contractors, to discuss our campaign objectives and strategy. It was clear 
from those meetings that the industry was suffering financially. The 18-
month delay in passing the federal tax credits into law had postponed the 
installation· of thousands of SWH systems. The consumer was not going to 
purchase a SWH system if the $600-plus tax credit was not available. 
During 1978, several manufacturers and many more installation contractors 
were forced out of business due to inactivity. 

_ The passing. and signing into law of the federal tax credits in November, 
1978 did not immediately help the situtation, as it coincided with the end 
of the installation season. Solar critics point to relatively few sales 
in the six-month period following passage of the law. However, since the 
installation season in the Northeast ends in early December, and does not 
begin again until March, relatively few sales could have been made. Due 
to the fact that it is impractical to work on a roof during most of the 
winter, several additional contractors left the business during that 
period to secure more lucrative work. · 

NESEC agreed to assist industry by holding marketing and installation work­
shops, giving lectures for consumers on SWH and supplying marketing mate­
rials to be utilized by solar firms. These included successful case 
histories of HUD grantees and promotional flyers~ explaining the HUD grant 
program and tax credits. 

The States 

We also met 1.with representatives of the eight Northeast region state energy 
offices participating in the HUD Grant Initiative to ascertain how we 
could best help them place the remaining grants in their states. The con­
sensus was that some manpower and financial assistance would be made . 

. available. · 

To that end we assigned one NESEC staff member to work in the field with 
each of the participating states, two days per week. That action has 
enabled us to obtain specific information in each state on such things as 
target market areas, current installed system costs, active manufacturers 
and contractors, etc. 
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Media 

All of the cooperation and coordination with industry and the states would be 
meaningless if we could not directly educate the consumer about the benefits 
of solar energy and the available incentives. We planned to accomplish this 
through an informed Speakers Bureau which woul~ properly -~ri ~!___ t~~- -~~di~-

• 
We trained a cadre of 24 people ·(16 NESte staffers and eight state person-
nel) in effective methods of communicating with newspapers, radio and 
television. 

We decided to brief the media through two press conferences announcing 
11 0peration Sunpower. 11 NESEC staffers would then seek in-depth follow-up 
interviews with media in selected target areas. By actively meeting with 
the media, we would be able to create a solar awar.eness in the consumers 
throughout our region. .. 

ACCOMPLISHMENTS TO DATE 

1. Identified Installed Cost (in the Northeast) 

The average installed cost of a solar water heating system in our 
region duri.ng 1978 was $2,350. This figure was obtai ned through a 
sampling of 300 installations region-wide. During the first five 
months of 1979, the average installed cost from a sampling of 150 
installations was $2,650. That cost can be broken down as follows: 

SWH Package 
(Collectors, tank, 
heat exchanger, pump, 
and controls) 

Miscellaneous Equipment 
(Piping, insulation, 
mounting equipment) 

Labor and Overhead 

TOTAL 

$1,600 :( 

400 + 

650 + 

$2,650 

Notes: a. The installed costs range from $1,900 to 
$3;~oo depending on family size, use pat­
terns and .location in our nine-state 
region. 

b. It is fair to say that due to inflation 
and the rising costs of materials, the 
average installed cost~for a domestic 
SWH system will approach.$2,800 by 
September, 1979. 
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2. Identified Target Counties by State 

Through the cooperation of the states, NESEC staffers have identified 
for industry the following counties in the eight states participating 
in the HUD initiative, where most of the solar sales have been made 
to date, as shown in Table 2. 

Table 2 
Target Counties by State 

State 

Pennsylvania 

New Jersey 

Massachusetts 

New York (only 13 
counties participating) 

Connecticut 

Rhode Island 

New Hampshire 

Vermont 

Counties 

Bucks 
Luzerne 
Montgomery 
Lehigh 

Ocean 
Monmouth 

Middlesex 
Plymouth 

Suffolk 
Westchester 

Hartford 
New Haven 

Washington 

Hillsborough 

Chittenden 

Chester 
Del aware 
Northampton 
York 

Morris 

Barnstable 
Essex 

Nassau 
Duchess 

Fairfield 
New London 

Newport 

Rockingham 

The methods used to identify these counties are the actual number of 
HUD grants installed and approved applications returned to the state 
energy offices through June 30, 1979. 

3. Identified Manufacturers Pursuing Sales Region-Wide 

· While 70 or more manufacturers have had their SWH systems approved, 
for the HUD Initiative in most states, only 23 of these are receiving 
a significant amount of sales (15 or more installations as of June 30, 
1979). Of those 23, four (4) are doing 54 percent of the business 
(1,102 out of 2,056), and•three (3) have left the solar field. Table 3 
lists manufacturers by state sales activity. 

These figures are from records available in early July, 1979 at the 
various state energy offices. Actual installation figures and grant 
payments made are somewhat higher. 
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Table 3 
·-

(From 
HUD $400 .Grant Sales Activity 

Records Available through ~u~e 30, 1979) 

Manufacturer PA NJ MA NY CONN RI NH VT TOTAL -- ~ 

Grumman Energy 
Sys teins , I 111.;. 129 56 37 1~4 20 25 12 4 407 

Sunworks, Inc. 36 74 44 50 81 13 14 1 313 

Revere Solar & 
Arch. Products 34- 59 38 46 5 10 3 4 199 

Daystar Corp. 20 8 119 8 10 8 _2 8 183 

Heliotherm, Inc. 48 39 7 1 95 

State Industries 65 12 5 1 1 84 

Columbia Chase 
Solar 15 6 28 11 10 1 72 

General Energy 
Devices* 24 ··u 12 12 6 65 

Sunearth Solar 
Products 51 2 1· 3 57 

Lennox Industries, 
Inc. 34 6 2 1 2 45 

Groundstar Energy 
Corp.* 4 4 9 23 1 1 ' 42 

Creighton Solar ,, 

Concepts, Inc. - 39 39 

Mor-Flo Industries, 
Inc. 19 10 .4 - ~~ 33 

Practical Solar 
Heat,.Inc. 33 33 

American Solar 
Heat Corp. 31'-. 1 32 

InterTechnology 20 7 1 1 1 30 
Solar Corp. 
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Table 3 (£ontinued) 

Manufacturer- PA NJ ~1A NY CONN RI NH VT TOTAL 

PPG Industries* 25 5 30 

Solar Processors, 
Inc. 3 10 10 23 

H.L. Jackson Mfg. 
Co., Inc. 18 2 20 

Solar Energy 
Systems, Inc. 3 16 19 

Falbel Energy 
Systems·Corp. 10 1 7 18 

Solar Alternatives, 
Inc. 6 5 6 17 

Dixon Energy Systems - 15 15 

OTHER (manufac-:-
.turers with less 
than 15 systems 
installed region-
wide 27 38 30 45 31 7 7 185 

611 385 343 314 229 92 52 30 2,056 

* No longer manufacturing SWH systems 

Notes: a. Clearly, four manufacturers are aggressively pursuing 
sales region-wide. They have built up a successful 
newtork of dealers/installers and are providing them 
with marketing assistance. 

b. Others are securing a substantial share of the market 
in one or two states. To increase sales, solar manu­
facturers must improve their marketing efforts as well 
as improve the assistance to their dealers/installers. 

4. Case Histories 

a. The NESEC marketing department has assembled data and formulated 
case histories on 26 satisfied HUD grantees throughout our region. 
We have distributed thousands of these "case histories" at trade 
shows and speaking engagements as well as to various manufacturers 
and contractors. 
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b. One of our most successful efforts has been the HUD flyer shown as 
Figure 1. This piece of materi al has been distri buted to 500 ,000 
people . It has been picked up and distributed by newspapers, 
trade magazines, and been used in SWH brochures produced by other 
orqanizations, sti mulating interest and awareness of SWH systems 
and the HUD grants . 

Save 400Jo now ... 
500Jo every day 
with a solar 
hot water system 

There 's a 40 percent-off sale going on right 
now on solar hot water heaters. Solar water heaters 
that supply 40 w 60 percent of the energy needed to 
heat your family's hot water. 

'I he <:til' i:, all pan of the Federal Govern· 
menl's effort to reduce this nation's tremendo~» 
reli;mce on imported oil. Through tax incentives 
and direct grants, the government is, in eff~t. pay 
ing a homeowner approximately $1,000 to install a 
solar hot water sy)tem. 

Here's how the savings work: A typical )ular 
water heater costs about $2500 installed. If you act 
now, you can qualify for a $400 grant from HUD 
(U.S. Department of Housing and Urban Develop­
ment) when you install an approved system. Then, 
next year when you file your federal income taX. 
you will be able to deduct an average of S620 from 
your tax. So, that typic:al $2500 instaJiat:-.n actually 
costs only $1480. 

Why buy solar now? There has never been a 
better time. 

• The technology is tested and proven. 
• Solar contractors have the experience to 

install your system properly. 
. • H U D·approved systems carry five-year 

warranties. 
• HUD grants and tax incentives finally make 

solar hot water systems economically 
attractive. 

Think of solar as an investment in your future. 
It's a hedee against inflation, foreign political crises 
and shortages of oil and natural gas. Solar is clean, 
non-polluting and limitless. 

Note: Savings witt vary depending on equipment, 
family size and hot water use patterns: 

Act now! HUD grants 
expire Sept. 30, 1979 

Learn more about solar, the HUD S400 grants and Federal, state and locaJ tax incentives. Contact your state energy 
office at the address listed on the back. 

(]
No"""'" £tt•f9Y 

c .J N~rtheost Solar Energy Center 
, 70 MEMORIAl. DRIVE • CAMBRIDGE, MA 02142 

Figure 1. HUD Flyer 
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5. Speakers Bureau 

To date, our trained personnel have completed over 50 speaking engage­
ments specifically on SWH. In this endeavor, we have reached over 
3,000 potential solar consumers . 

NESEC has developed two slide presentations. The first is a short, 
20-minute presentation uti lized at service cl ubs and trade shows and 
designed to inform the public of the benefits of solar and the incen­
tives available. The second presentation, of two hours' duration, is 
util ized at adul t education seminars and community college lectures. 
It describes proper i nstallation procedures and problem areas to 
avoid, in addition to subjects discussed in the shorter presentation. 

At each engagement we emphasize the following: 

• Region's dependence of foreign oil 
• Installing SWH wil l allow the consumer some control 

over his energy future. 
• SWH technology ~available now 
• Experienced solar contractors are in place now 
• Instal led costs and potential savings 
• Incentives are available to reduce costs: federal, 

state and local 
• Solar water heating can provide 40 to 60 percent of 

a consumer's hot water requirement in the Northeast 

After each speaking engagement , particularly those to the Adult Educa­
t i on groups, we have seen a substantial i ncrease of HUD applications 
returned to the State Energy Offi ces from the area where the speaking 
engagement was held. 

6. Press Conferences 

NESEC has held two press conferences announcing Operation Sunpower 
that have been supported by industry and federal and state governments. 
The first was held on March 16, 1979 at NESEC 's Cambridge headquarters 
and resulted in 35 newspaper art i cles and coverage by six radio and 
television stations. The second press conference, to kick off 
Operation Sunpower in the Pennsylvania/New Jersey area, was held in 
Phi l adel phia on May 31. That conference resulted in 30 newspaper 
articles and was covered by 21 radi o and television stations. In 
addition, both conferences were covered by Uni ted Press International 
and Associated Press and resulted in widespread coverage throughout 
the eastern seaboard. 
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7. Media Follow-up 

We have systematically solicited media interviews on SWH with the fol­
lowing results. To date there have been 30 in-depth newspaper inter­
views, reaching a total circulation of 3.2 million; and 18 radio and 
television interviews reaching literally millions of additional 
consumers. 

8. Marketing - Public Service Campaign 

If solar energy is to be successful, it must be marketed like any other 
product. In fact, the successful manufacturers bear out that theory. 
As part of NESEC's efforts, we have worked closely with various state 
and industry representatives to develop ads for local media. These ads 
will be appearing in July, August and September ih selected target 
areas. 

We have worked with SEIA (Solar Energy Industries Association) and 
NASC (National Association of Solar Contractors), 'in this endeavor. 
At least four ~anufacturers will run additional advertisements concur­
rently in the target areas. Several contractors will also piggyback · 
this effort. 

In addition, we have begun work on Public Service Announcements (PSA) 
which we believe will heighten the awareness of solar energy in con­
sumers residing in the Northeast. These PSA announcements will appear 
in newspapers and on radio and television throughout our region·. 

It is our strong opinion that industry must advertise repeatedly so 
that the consumer can be made aware of the benefits of solar energy. 
Also, we must not forget third party credibility. An industry repre­
sentatTVe can advertise, however, a third party that will substantiate 
solar benefits will assist in building up the consumers• confidence. 
The building of that confidence will accelerate solar sales while at 
the same time decrease the nation's dependence on foreign oil. 

9. Other NESEC Outreach Efforts 

Bill Stuffers 

To date, at our request, eight utilities have sent bill stuffers to 
more than two million consumers in Pennsylvania, Massachusetts, Rhode 
Island and New Hampshire, alerting these homeowners to the HUD program. 
At least three other utilities will follow suit in July and August, 
reaching an additional one million consumers. 

· Target Mailings 

85,000 selected homeowners have been sent information on the HUD initi­
ative and federal tax credits. These people were s·elected by income, 
location and previous interest in solar water heating. 
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Assistance to Industry 

Over 75 members of industry, either manufacturers, dealers or contrac­
tors, have been assisted since the inception of our Operation Sunpower 
campaign on March 16, 1979. The assistance has ranged from distribut­
ing to industry the names of 12,000 homeowners interested in SWH·, to 
formulating marketing an~ financial programs for small solar companies. 

Installation Workshops 

As a sequel to last year•s series of 35 installation training workshops 
(to over 1,800 attendees), three separate installation workshops have 
been held in the last two months at the Center for homeowners and/or 
contractors in Massachusetts. Over 150 people have attended these 
workshops which are designed to familiarize the attendees w·ith installa­
tion problems to avoid and to educate them on correct methods of 
installing solar water heaters. Five other states have requested this 
program, and workshops will be held at ten different locations by 
September 30, 1979. 

New England Fuel Institute 

We have completed two solar workshops with the New England Fuel Insti­
tute (NEFI), designed to bring additional capable and qualified 
installers of solar water heaters into the field. To date, 60 differ­
ent oil dealers'have attended these seminars. Three additional work­
shops are scheduled through September, 1979. NEFI informs us that 40 
of their 1,900 dealers are currently installing solar water heaters. 
Our mutual goal is to secure 60 additional dealers by the end of the 
fall. We hope to expand this program to New York, New Jersey and 
Pennsylvania. 

Through our relationship with NEFI, we have been able to ascertain that 
the average oil burner in New England operates at a 50 percent effi­
ciency. That efficiency takes into consideration combustion, flue, 
transmission and jacket losses. The finding is significant, as solar 
critics often point to a 70 to 80 percent efficiency for gas- or oil­
fired water heaters. The 50 percent efficiency is even lower (approxi­
mately 40 percent) when considering tankless oil water heating systems. 
This will also allow us and the rest of the solar industry to refute 
various anti-solar articles which have appeared from time to time. 

Utility Interface 

We are currently working with three util:ities: Northeast Utilities of 
Connecticut, Central Vermont Public Service Corporation and Public 
Service Electric and Gas of New Jersey. These corporations have asked 
us to assist them in their own solar water heating programs. 
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Su~veys 

In conjunction with the New York State Energy Office we are developing 
a survey which will be mailed to all New York applicants for the HUD 
$400 Initiative. This survey will gather data on attitudes towards 
solar water heating and consumer reasons for participating in or drop­
ping out of the program. The data will be particularly valuable as it 
will reflect current attitudes in the post-Three Mile Island/gasoline 
crisis period. 

We have completed mailing survey forms to participants in our adult 
education seminars, installation workshops and oil dealer seminars. 
The results of these surveys will allow us to determine what ratio of 
participants have actually installed SWH systems as well as how many 
contractors have entered the solar business. 

We shall report on these results in late September, 1979. 

Monitoring Performance 

We have contracted to install a total of 200 monitoring systems throug~:: 
out the region. To date we have installed 74 systems as shown in 
Table 5 ... An interim report on our findings will be p~blished in 
November, 1979. 

Table 5 

Monitoring Systems Contracted/Installed 

Total Systems 
. State s~stems Installed 

Pennsylvania 50 29 
New Jersey 35 0 
Massachusetts 35. 27 
New York 20 0 
Connecticut 20 0 
Rhode Island 5 5 
New Hampshire 5 4 
Vermont 5 4 
Del aware 5 5 
Maryland 20 0 

TOTAL 200 74 
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Oytreach Activity to Date 

Method 

RESULTS 

Speakers Bureau 
Target Mailings 
Bank Stuffers 
Trade/Home Shows 
Utility Bill Stuffers 
Media: Press Conferences 

TOTAL 

Newspaper in-depth 
interviews 
Radio/TV talk show 
interviews 

-------------

' 
Audience·Reached 

3,000 
85,000 

200,000 
300,000 

2,000,000 
8,000,000 (estimated) 

·3,200,000 

3,000,000 
16,788,000 (estimated) 

Table 6 illustrates the status of the HUD Grant Program by state through 
June 30, 1979. 

Table 6 

HUD GRANT Installation Status: June 30, 1979 

Remaining 
State 3/1/79 6/30/79 +t, Grants 

· PA 400 600 200 2,200 
NJ 275 431 156 1,294 
MA 190 425 235 950 
NY 267 449 182 418 
CT 150 237 87 513 
RI 45 152 107 98 
NH 15 84 69 116 
VT 20 . 43' 23 107 

TOTAL 1,362 ·, 2,421 1,059 5,696 
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Since the beginning of NESEC's program, 1,059 SHH systems have been installed 
(44 perc:ent of the total installations to date). This activity. has been given 
sharp impetus by·Operation Sunpower. · 

Table 7 illustrates that 1,840 grant applications have been approved out of 
9,458 requested since we began our campaign. 

Table 7 

Summary of Grant Application Activity 

AEElications Sent to Consumers AEElications AEEroved 

State 3/1 to 6/30 3/1 to 6/30 June only 

PA 1,850 347 200 
NJ 1,348 210 175 
MA 1,566 250 137 
NY 1,578 418 418 
CT 1,660 400 90 
RI 738 90 26 
NH 475 70 29 
VT 243 55 11 

TOTAL 9,458 1.840 1,086 

The most significant figure in this table is the 1,086 grant applications 
approved in June. This is a direct result of our outreach activity and it 
must be noted that none of these 1,086 approvals have been counted as 
11 installed to date. 11 Preliminary tabulations for July indicate an additional 
1,000 applications have been approved. 

We fully expect to move all HUD grants in our region by the end of the 1979 
installation season. 

CONCLUSIONS 

Inflation, OPEC, and Three-Mile Island have contributed to the public's 
awareness and need for alternate energy sources. NESEC's campaign has edu­
cated the consumer on the benefits of solar water heating, and that knowledge 
is now being translated into sales. However, two barriers remain and must be 
eliminated if the number of solar installations is to continue to escalate. 
Those barriers are initial high cost and lack of sufficient qualified con­
tractors to satisfy consumer demand. 
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High Cost 

In two years, the installed cost of a SWH system has increased from 
$2,200 to $2,650. While the HUD grants and federal tax credits reduce that 
cost to approximately $1,600, the homeowner must still pay the total cost 
11 Up front. 11 Only consumers in the upper income brackets can afford solar 
water heating at that cost. Yet, every homeowner having a site suitable 
for solar should be able ~o afford an installation. · 

Qualified ·Contractors 

Due to experience gained in the New England Electric Experiment and the 
HUD Initiative, solar contractors have banded together in the Northeast. 
They have solved many installation problems that are only now surfacing 
in Florida and California. However, due to their small number, these con­
tractors will not be able to keep up with the demand for SWH installations 
which has and will continue to increase. 

Recommendations 

1. Long-term, lower-cost loans, similar to those recommended by Senator 
Heinz on May 31, 1979 at the Operation Sunpower press conference in 
Philadelphia, must be made available to homeowners, thereby offsetting 
the initial cost of a SWH system. Additionally, it would be extremely 
beneficial to the industry if each state in the Northeast could follow 

·Vermont's lead and initiate substantial state tax credits for solar 
energy equipment. That .initiative would assist in lowering the 
region's dependence on foreign oil and build up our economy by reducing 
the balance of payments. 

2. Fuel oil dealers and other heating specialists must be encouraged to 
enter the solar field. They should be reminded that they are in the 
11 energy business 11

• By entering the solar field they would increase 
overall sales of solar equipment as well as broaden their financial 
bases. 

3. Finally, those manufacturers that are sincere in seeking a portion of 
the domestic solar water heating market must improve their marketing 
efforts. At the same time they must train their dealer/installers in 
proper sales and installation techniques. In short, a foundation of 
installer-dealer-manufacturer relationships must be laid and success­
fully built upon. The Northeast Solar Energy Center can and will play 
a significant role in this effort. 
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Exec;;;~ive Eas~{' 
~lar Retrof1 

Conrad D. Gohlinghorst 

Executive East is a 2~ story office building located in Stamford, 
connecticut. The building was constructed in 1969 and contains 
25,000 square feet of office space. The original space heating 
and cooling system consisted of 70 water-to-air heat pumps con­
nected in a closed cycle hydronic loop. Hot water was supplied 
to the heat pumps from a 2800 gallon storage tank maintained at 
80°F by two 75 KVA boilers. 

Executive East was retrofitted with a solar space heating system 
under a DOE Cycle 1 cost sharing contract. The solar system was 
c9mpleted in September of 1978 and officially dedicated and 
pLaced into operation by Mr. Jackson Gouraud, Deputy Under Sec­
retary for Solar commercialization (DOE), on September 29, 1978. 
The system operated beyond expectation throughout the entire 
heating season until May of this year when it was shut down for 
the summer. 

Executive East is located at 41° latitude and its flat unob­
structed roof, with the long axis pointed 5° west of south, made 
an excellent candidate for solar retrofit. The roof was equipped 
with an array of 138 single glazed, selectively coated copper, 
liquid flat plate collectors totaling 2561 square feet. These 
collectors are mounted at 55° to horizontal, in six rows, on a 
Corten weathering steel framing system. The steel mounting net­
work is supported by the existing steel columns of the building. 
The construction of the mounting system which included penetra­
tion and recovering of the roof was one of the most difficult, 
time consuming and costly phases of the project. 

The collectors are augmented by 2927 square feet of King Lux 
polished aluminum reflectors mounted at 10° to horizontal. The 
reflectors are eight feet in length and have a reflectivity in 
excess of eighty per cent. The reflectors are designed to in­
crease the incident energy by· an average of 30 % over the total 
heating season reaching a maximum of 46% in February at the 
height of the heating season. 

The reflectors are hinged enabling them to be folded up over the 
collectors during the cooling season when no fluid is circulating 
The closed reflectors protect the collectors from overheating 
when not in use and also protect the reflective surfaces from the 
elements during the summer. Clips are provided to secure the 
reflectors in either the open or closed position to prevent wind 
or storm damage. 
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The collectors are connected by a reverse return copper piping 
configuration with a Teflon hose reinforced bronze wire braid 
flexible connector and flow regulating valves after each group 
of four collectors. The flexible connectors provide well in ex­
cess of the expected maximum one half inch expansion experienced 
by the four collector array. Adjustment of the flow regulating 
valves in tandem with the measurement of temperature drop across 
the collector plate provides uniforrnity_of flow and temperature 
distribution across the array. 

All exposed piping in the system is insulated with 1~ inches of 
urethane coated with Zeston vinyl coating. All insulation 
joints are wrapped and sealed with a waterproof sealant. This 
insulation system results in minimum heat loss from water/ethy­
lene glycol fluid in the collector loop. 

The heated fluid from the collector loop is pumped through a two 
section shell·and tube heat exchanger heating the water in a 
.6000 gallon storage,tank. The 6000 gallon tank ·is, insulated with 
4 inches of foamed urethane coated with a water proof cover and 
partially buried in a fenced area behind the building. Water at 
the top of the tank shows a temperature drop of ~ess than 1°F in 
a 16 hour overnight period with no circulation. 

There are four basic modes of system operation. The first mode 
is one in which solar energy is available for collection at a 
time when the building space has no demand for heat. In this 
mode, the water/ethylene glycol solution circulates through the 
collector loop, absorbs the available heat, and then passes 
through the heat exchanger and transfers the heat into the 
6000 gallon water storage ta~k. 

The second mode of operation occurs when there is a demand for 
space heating and hot water /is available in solar storage. The 
70 heat pumps in the closed cycle hydronic loop will draw hot 
water from in the 6000 gallon solar storage tank until the tern­
perature of the tank falls below 80°F or there is no longer a 
space heating demand. 

The conventional or back up heating system will operate only 
after the hot water in solar storage has been depleted and the 
building space continues to call for heat. In this third mode 
the heat pumps will draw the hot water from the back up 2800 
gallon conventional storage tank which has been heated by the 
two 75 KVA boilers during off peak hours. Only when both the 
6000 gallon solar storage and 2800 gallon.conventional storage 
are depleted will the system operate directly off the electric 
boilers and use peak power for heating. 
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The fourth and final mode is the cooling mode. The majority use 
of the mode comes in June, July and August when the collectors 
are not in operation and the reflectors are locked in the folded 
vertical position. The cooling system is the original conven­
tional system and does not utilize any of the solar production in 
its operation. The collectors do provide some shading of the 
roof which reduces the cooling load on the building. 

The Executive East solar system is fully instrumented and is 
being monitored by the Department of Energy under the National 
solar Data Program. The system is equipped with conventional 
and shadow bar pyronometers for measuring both direct and diffuse 
radiation available for collection. Along with the pyronometers­
are 40 other sensing points which are constantly monitored by 
the National Solar Data Program Center. Included in the sensing 
points are 23 temperature sensors which include inside and out­
side ambient air, three points in the solar tank, nine points in 
the building supply and return lines, four points in heat ex­
changer/collection loop, two collector inlet and two collector 
outlet. points, as well as a collector surface temperature sensor. 
The balance of the data gathering-points consists of eleven el­
ectric power monitoring points and six flow sensors. The infor­
mation gathered by the instruments is sent back to the National 
Solar Data Program. The performance results will be the subject 
of discussion at another session of this conference. A local 
three channel digital readout device provides instant information 
from any of the 42 sensor points. The local performance monitor­
ing provides the building owner with valuable information which 
enables the system to be maintained in top working order and to 
minimize down time or use of the back up system operating at peak 
electrical load. The only problem in the total first heating 
season operation was the failure of one temperature sensor which 
resulted in the three way valve remaining in the open position. 
The building owner noticed the malfunction almost immediately on 
the local digital readout. The portion of the system involved 
was shut down, the sensor was replaced and in a_short time was 
back in operation. 

Although the official performance data will be monitored and re­
corded by the National Solar Data Center, the building owner. has 
kept accurate monthly and cumulative KWH consumption figures for 
the 77-78 and the 78-79 heating season. A total of 516,000 KWH 
were used during th~ 78-79 heating season compared to 619,680 for 
the 77-78 season resulting in a 103,680 KWH savings. The average 
electrical KWH rate in Stamford for Executive East was 4.13 cents 
providing a total monetary savings of $4300.00. 

The system was designed to handle 50 percent of the heating load 
and provided in excess of that during the 78-79 heating season. 
The almost trouble-free operation of the system has been the out­
standing feature of this solar retrofit system in its first 
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season of operation. 'l'his is in a large part due to the building 
owners interest and close supervision of the system from the be­
ginning of construction through start up and continuing through 
operation of the first heating season. 'The Lutz-Sotire Partner­
ship is to be congratulated for their work and dedication to the 
project. Other project participants to be recognized are Sanford 
o. Hess and Associates, Consulting Mechanical Engineers, Wormser 
Scientific Corporation, Designers, the Copper Development Associ­
ation Inc. who put all of the participants together and of course 
DOE for providing funds and technical assi~tance. 
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Town of Concord, ~assachusetts 
Solar Space Heating Project at the 

Municipal Light Plant ~uilding 
~ - ~ -

David W. Hartwell 

Introduction 

The historic Town of Concord, Massachusetts acknowledges 
its role in the U.S. Department of Energy's National Solar 
Heating and Cooling Demonstration Program with enthusiasm. 

The intent of this presentation is to supplement the 
detailed project description reports, performance reports, and 
cost reports published by DOE which are available at this 
Regional Conference. These reports include descriptions of the 
site and building, the solar system, performance evaluation 
instrumentation and techniques, and performance assessment. 
These definitive and comprehensive reports are an essential part 
of this presentation. 

The Town of Concord's solar project is a space heating 
system which uses air as the heat transfer fluid. It has been 
retrofitted to our municipal light building, a one-story masonry 
block structure with a flat roof which faces 14 degrees east of 
south. The building provides space for combined garage, ware­
house, and administrative functions. 

The first priority of the solar system is to heat 5,700 
square feet of garage/warehouse area. Excess solar energy is 
used to heat the 2,700 square foot administrative area. The 
Concord Light solar system is a National Science Foundation 
initiated project. Final design was completed, approved, and 
funded in late fall, 1977. Construction started in November and 
was completed in March, 1978. 

Design Philosophy 

The air system was selected to determine the efficiency of 
air as a heat transfer medium in a large volume (113,400 cubic 
feet), multi-zoned space heating application in the New England 
climatic area. IBM monthly performance data document that the 
system has consistently performed well. The preliminary design 
was developed by Intertechnology Corporation of Warrenton, 
Virginia, under contract with ERDA with the assistance of our 
solar consultant, Dr. Richard Thornton of M.I.T. Final design 
and contract documents were developed by the architectural­
engineering team of Earl R. Flansburgh and Associates, Inc. and 
BR + A Consulting Engineers, Inc. of Boston. Massachusetts. The 
solar system was installed by Worcester Air Conditioning Company, 
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Inc., of Ashland, Massachusetts. 

The solar system was initially designed to supply heat to 
the 5,700 square feet garage area only and was sized accordingly. 
We concluded that, to achieve maximum performance and efficiency 
in the marginal heating months, it was logical to extend the 
main heating supply duct to the administrative area. The design 
requirements were to maintain a temperature of 50 degrees F in 
the garage area and 68 degrees F in the administrative area. The 
collector array is 1,932 gross square feet. The ninety two 
3' x 7' panels are single glazed, selectively coated, and roof 
mounted on three rows of plywood enclosed steel frames. · 

The fully insulated, 1,210 cubic foot rock storage bin is 
located inside the building on the concrete floor adj~cent to the 
air handling unit. The bin is sized to hold 2.7 x 10 BTU's 
based on one cubic foot of r~ck storage holding 2,300 BTU's. The 
design flow rate of_ 3 cfm/ft of collector is based on the col~ 
lector manufacturer's recommendations. An additional 8-10% 
efficiency ~ight have been achieved by increasing the flow rate 
to 6 cfm/ft of collector. This would have required doubling 
the capacity of the air handling equipment and ductwork and 
would not have been cost effective. 

Space limitations below the roof dictated that we locate 
the collector ductwork above the roof. This ductwork is in­
ternally insulated and protectively enclosed to insure minimum 
heat loss. Roof penetrations are confined to three locations to 
minimize the potential for leakage. The project is designed for 
a system air flow of 5,250 cfm. All ductwork is insulated, 
taped, and sealed, to minimize air leakage. 

The collectors are ducted 8 panels to a series with duct­
less side-to-side gasketed connections sealed with silicone. 
Each series has one inlet and one outlet duct. The inlet and 
outlet collectors are connected to the collector supply and 
return ducts with transition boots and connector ducts. Each 
series has manually operated balancing dampers. 

A flat plate collector was selected because of its ap­
plicability to a low temperature system. The collectors were 
roof mounted because a ground mount would have produced shading 
problems due to the ground level proximity of an adjacent build­
ing. The entire building was retrofitted with two inches of 
fire-rated sprayed cellulose insulation and the overhead doors 
were weatherstripped to prevent exc~ssi~e outsi~e a~r inf~l-
tration. Additional detailed, des1gn 1nformation 1s ava1lable 
in the Department of'Energy's Solar Project Description Report 
for the Concord Municipal Light Building. 
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Construction 

Construction started in November, 1977 and was completed 
in March, 1978. Although weather conditions during the winter of 
1977-78 were severe, construction was completed on schedule with 
no major problems and no cost over-runs. 

Problems Encountered and Solutions 

After startup in March, the system was extensively 
pressure tested to determine the extent of air leakage. Test 
results proved conclusively that system air leakage was ex­
cessive which was totally unacceptable. The contractor's test 
results were confirmed by the on-site data monitoring system. 
Additional testing indicated that most of the leakage was 
occurring through the collectors. We had anticipated a minimal 
system leakage factor but nothing of this magnitude. The 
collector manu'f:acturer, after on-site inspection, agreed 
that each of the 92 pariels·would be replaced at no .cost to 
the Town or DOE. 

A test series of 8 replacemerit collectors was shipped and 
installed in August. We developed a procedure for pressure test­
ing and smoke bomb testing which documented that the collectors 
still leaked excessively. We determined that the m•in areas of 
leakage were in the manufacturer's inlet/outlet (rear exit) con­
nections and also the collector-to-collector gasket connection. 
The manufacturer modified the inlet/outlet connecti.on at the 
factory; we retested the modified panels and determined that 
leakage at the rear exits had been reduced to an acceptable per­
centage. The balance of the inlet/outlet connections were modi­
fied at the factory prior to shipment but ·it was mid-September 
before a substantial partial shipment of the new collectors was 
delivered on-site. 

Another series of 8 replacement collectors was installed 
and tested. Additional leakage was found at the collector-to­
collector connections and at the rear of the collector enciosure 
itself. At this point in time, all concerned parties concurred 
that the contractor would field repair any potential source of 
leakage through the collectors. Most of the field repair, or 
reWork, was accomplished by sealing the applicable collector 
areas with a combination of silicone, duct sealer, and "hardcast" 
tape. Preliminary observations i-ndicate that the leakage factor 
has been reduced from approximately GO% to a range of 3-5%. · 

• Instrumentation 

The project is fully instrumented. Evaluation data is 
included in the Department of Energy's National Solar Data Net­
work Program. The cooperation of the IBM site analyst has been 
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invaluable. Three operational problems were resolved as a re­
sult of this cooperation. The first problem was caused by a 
leaking damper in the collector inlet duct. Significant thermal 
losses through the collector array were occurring when the sys­
tem was operating in the Heat from Storage mode. We resolved 
the problem by adding a new damper in the collector return duct. 
System performance improved~ 

In December, IBM advised that one of the small electrical 
auxiliary unit heaters was continuously drawing approximately 
620 watts. The problem was traced to a defective thermostat 
which was replaced. In February, as a result of on-site obser­
vations and close coordination with the IBM site analyst, we 
discovered that the potentiometer setting in the logic control 
unit which controls the operation of the Heat from Storage mode 
had inadvertently been set too high with the result that storage 
heat was being utilized at less than maximum efficiency. We 
adjusted the setting and significantly improved system 
performance. 

The importance of minimal leakage in an air system should 
be emphasized.. Ductwork should be tightly sealed and insulated. 
Dampers should provide positive seal. Although we had specified 
damper D4 as critical and had upgraded it prior to installation 
of D4-A, we are advised by the IBM site analyst that the new 
D4-A "slams shut". 

Maintenance 

System maintenance is minimal because of the system's 
relative simplicity. The major components include 92 air col­
lectors, a rock storage bin, an air handling unit, motorized 
control dampers, a logic control unit, and a duct distribution 
system. Maintenance procedures include: lubricate and adjust 
air handling unit, replace filters, inspect control system, and 
inspect ductwork. To date, maintenance has been minimal. 

Summary 

Concord's solar project was selected by the u.s. Depart­
ment of Energy to demonstrate the feasibility of using air as a 
heat transfer medium in a large-volume, multi-zoned space heat­
ing application in the New England climate. We believe we have 
successfully demonstrated the heating application and plan to 
convert the system to demonstrate the feasibility of a nocturnal· 
cooling application. 

The close working relationship and enthusiasm that 
developed early in the project, and the cooperation of the 
Department of Energy and its support groups has been invaluable. 
Thank you. 
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Experiences and Cost Analysis Gained During Design and Construction 

of the Contemporary Systems, Inc . Solar c~nl~r in Walpole, N.H. 

Presented at the U. $. Department of Energy Solar 

Update Conference , July 31, 1979, Philadelphia, Pennsylvania 

Presented by John C. Christopher, President 

Contemporary Systems, Inc. 

The Contemporary Systems, Inc. (CS I) Solar Energy Center serves as the 

corporate headquarters, design development and manufactur i ng faci l ity for 

CSI. The project was funded partially by a grant from the Department of 

Energy under the second round of commercial solar demonstration projects. 

The building i~ an 83% solar sufficient structure located in a 7,600° dqy 

climatic zone. The so lar energy system provides space heating through three 

(3) independent solar energy systems. An 800 sq. ft. active, air~type, 

collection system supports the base heating load of the structure . This 

is supplemented by 190 sq. ft. of direct passive gain window area located in 

the production and office areas. In addition, a 360 sq . ft. attached, 

hybrid sun-space prov ides added heating and storage capacity for the office 

area. The total system is attractively and functionally integrated into 

the bui lding structure. 

During the course of the construction of this building, considerable 

practical experience has been gained relating to the direct interfqce with 

the building trades . We were fortunate that we had a totally cooperative 

general contractor, who did his utmost to accommodate the needs and instal­

lation requirements of the solar energy system, It mus t be noted that during 

the design and installation process the system must be configured in such 

a way that it conforms to convention building practices and standard scheduling 

procedures. It i s undesirable and unwise to expect the general contractor 

to perform tasks that are new or unfamiliar to him. For thi~ reason, the 

CSI system has been configured in such a way that conventional tradesmen and 

sub-contractors are capable of installing the components with a minimum 
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amount of instruction . We feel that this fact greatly reduced the overall 

cost of the active solar energy system. The active system was composed of 25 

CSI Ser ies V Air Collectors, each 16ft. in length and two ft. wide. The 

gross area of this array is 800 sq . ft. The total cost for the active system 

installation was $20,448. When credits for the roofing system are subtracted , 

this brings the net effective cost to $18,688 or an installed cost of 

$23.36/sq. ft . The fo ll owing table is a detai l ed ana l ysis of the active 

system . We fee l that an installed system cost in the range of $23/sq. ft. 

provides a very cost effective investment for the potential commercial 

user. It shou l d be noted that the CS I system was a prototype in many 

respects and we feel that substantial further prfce reductions can be 

obtained through add i tional reflnemehts in the system's configuration. 

As a source of compa ri son, CSI is currently doing system installation 

work in the residential market sector. These systems, ranging in size 

from 350 sq. ft. to 450 sq. ft. of collector area which provide both space 

heating and domest i c hot wate r for the residence are averaging from $14/sq . 

ft. to $18/sq. ft. of Insta l led system cost . It should be noted however, 

in this case that to achieve these low .. cost figures the roof{ng credi' t 

allowance has been taken as wel l as the Federal Income Tax credit. With 

an effective i nstalled cost ranging from between $14/sq. ft. to $18/sq. ft. of 

system cost the economic v iaoil fty of i·ncludi·ng a solar energy system in 

new bu i lding construction is unquestionab le, Thi s is especially true in 

the New England region. Current prices for #2 fuel oil are ranging from 

68¢/gallon to 78¢/gallon and ahticipated prices for the coming winter 

exceed $1/ga ll on in many instances, Wi th these considerations and the 

inevi·table fqct that fuel oil prices will escalte beyond these pri.ces 7 it 

is our conc lusion that so lar energy systems are not only economically 

viC!b le, but an economi'c necessity· tn a ll new ouilding construction . 

Relat ive to the passive elements in this solar demonstration project, 

we have found that they too represent a very su i table vehicle for reducing 

overall heating loads in new bui' lding construction, t would 1 ike to caution 

however, that excessive use of passive gain can be mo re harmful than 
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beneficial in that overheating can occur wi th i n the passive gain area . One 

solution that we found to this prob l em is the use of hybrid passive gain whereby 

the excess heat can be mechanically transferred or stored when necessary . 

Relative to cost of pd~~ i ve systems , we tound them not to be quite as inexpensive 

as most people would cla im. Direct gain wi ndow systems can cost in the 

range of $10/sq. ft. to $12/sq. ft , and while th i s is far cheaper than an 

active solar system, It provides no elements of control. It is our feeling , 

however, that a thoughtfu l i nteg ration of passive elements In any solar 

design is essential and that the mix of act ive, passive and hybrid technolog ies 

wel l integrated into a functional system wi ll provide the best overa ll 

cost effectiveness in any project, 

At this point we are awaiting our f irst winter of operation and look 

forward to monitoring the performance and report i ng on the results. 
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Solar Center, new solar heated headquarters for Contemporary Systems, 

Inc. in Walpole, N.H. is des igned to harness the sun in more ways than one. 

A combination of active, passive, and hybrid solar heating systems will supply up 

to 5/6 of the annual heat and hot water needs of the building. Also, the building 

houses Contemporary Sys tems solar system design, manufacturing, and marketing 

activities , enhancing the availability of solar heating systems in the New England 

ragion. The CS I Solar Center reflects the growth and development of the solar 
Industry in New England today . 

CONTEMpORARY sysTEMS, INC. 
ROUTE 12 WAlpOlE, N.H. 0}6o8 60}-]';6-4796 
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INSTANTANEOUS EFFICIENCY CURVE FOR THE CSI/SOLA~ SERIES V WARM AIR COLLECTOR. 

The solar collector thermal efficiency was determined using t he methods provided 
in ASHRAE 93-77. The instantaneous efficiency equations are: 
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ACTIVE SYSTEM COST BREAKDOWN SUMMAR¥ 

Collector and support structure 
Collectors and installation 
Ducting and Installation 
Meehan f·ca 1 equipment 
Storage and fabricatton 
Controls 
Mtscell~neous costs 

Total: 
Roofing C red i·ts: 

Net Effective Costs: 

Cost/Ft2 Sys·tem: 

I • 

$ 1,190 
10,700 
2,250 

928 
3,080 

850 
1 ,450 

$20,448 
,.. 1, 760 
$18,688 

$23.36/Pt2 

E~tim<:~te of Cost of Sol<:~r Co11ection System (Heati:ng Qnlyl 

As tnstal.led on CSt/Sol~r Center, "Walpole; NH 

1. Collector Support Structure 

A) 

B) 

M<:~teri~ls: South wall of bufldtng is used for 
collector mounting, 2xl2 1s spaced 2.4 11 on centers .. 

. Estlm~ted A.ddlt!'onal Cost 
L~bor: 

2 ~ Co 11 ector s 

A.l M~teri~ls: 800 sq. ft, collectors 
Batten C~ps 
Fl<:~shtng and mtscell<:~neous 

at Del tvery: ~ 
cl Mounting on Support Structure@ $,45/sq, ft, 
Dl Collectors connecti.ng to mani·fold OC!bOr C!nd mC!teriC!ls)_ 

3, Duet l'ng · Sys·tefl1 

Al Collector Di:stribution System; 
M9 te.rt·C! 1 : 
LC!bor: 

4, I nsu 1 C!t ion lcosts rnc 1 uded in ductBoC! rd duct ing cost) 
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$ . 930,00 
260.00 

$ 1 , 190.00 

$ 7,880,00 
450.00 
200.00 
· N/C 

360,00 
1,810.00 

$10,700,00 

840,00 
200,00 

$ 2,250,00 



Estimate of Cost of Solar Collection System (Heating Only) 

5. Heattng & Cool lng Eq~ipment 

Al Ma teri' a 1 Ctwo air movers l 

6. Storage 

A). 
B). 
C). 
ot 

Material: (bin, stone, manifolds) 
Delivery: included ·in. material cost 
!nstallC~t!on: 
l.nsulation: 

7. Controls 

. A) Mated a 1: 
B)_ Labor: 

8, Qeneral Construction 

A) Roof!'ng 
B) Equlpment Room 
C). A~chitectural 
D) Excava t i·on 

TOTAL COST 

Credits toward system costs .. roofi'ng q llowC!nCe 
Net Effective System Cost 

. 2 
Systern Cost/Ft · 

Total Butldtng Cpst 

Total Constructlon Cost 
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$ 928,00 
$ 928.00 

$ 1 ,420.00 

340,00 

$ 
1 2320.00 
3,080,00 

$ 680 .• 00 
170.00 

$ 8so,oo 

$ 120,00 
700,00 
360,00 
270,00 

$ 1 ,450\00 

$20;448.00 

$ 1,760.00 
I ·$18,688,00 

$23.36/Pt2 

$99,940,00 

$170,800,00 



Passive Solar Heated Warehouse 

by 

Bruce M, Keller, Arthur V, Sedrick 

Kalwall Corporation 
Manchester, New Hampshire 

ABSTRACT 

A direct gain passive solar system designed for low 
initial and life-cycle costs has been retrofitted to a 
10,000 ft. 2 warehouse section in 'Manchester, New Hampshire. 
A key element of the design is the use of 1750 ft.2 of 
Kalwall Corporation's Sunwallr Solar Window as the south 
wall collector aperture. Sunwallr is a specially developed 
sandwich panel with 77% solar energy t2ansmission and an 
insulating "U-factor" of 0.4l'BTUH/ft. -oF. The warehouse 
concrete slab and inventor.ies provide thermal storage. 
Measurements of building energy needs and temperatures 
have been monitored by DOE/NASA/IBM. This passive system 
has operated .successfully for two heating seasons supply­
ing 55% of the warehouse section's heating needs, result­
ing in a seven year pay-back of installation costs at 
current fuel prices. 

INTRODUCTION 

There are literally millions of square feet of warehouse-type build­
ings in the United States alone today. These warehouses represent a 
s~bstantial portion of national energy use for space heating purposes. 
Warehouses are excellent applications for passive solar heating systems. 
Warehouse buildings have large wall areas, one of which has to be facing 
in a southerly direction. Their inventories generally permit wide temp­
erature fluctuations with no adverse ·effects. The combination of a con­
crete floor slab and the inventory can provide inherent absorbing sur­
faces and the thermal mass required to store excess heat during the day 
for release at night. Auxiliary lighting can be eliminated during the 
daytime hours providing additional energy savings from a passive solar 
system. 

DESIGN PHILOSOPHY 

The basis·of the design philosophy for this project was to conceive 
a very economical and simple retrofit package to conserve energy in the 
millions of square feet of warehouse-type buildings throughout the 
United States that could live with the relatively wide temperature 
fluctuations. 
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The Kalwall Corporation has long been involved in the design, 
manufacture and installation of insulated, light transmitting sandwich 
panels for the walls and roofs of buildings and the design of a solar 
window wall panel, a key element in any passive design, fit Kalwall's 
expertise. Kalwall undertook a direct gain passive project because of 
the prospect of low initial and life cycle costs for a direct gain system 
and the virtual non-existence of information on the operational and 
maintenance costs of this type of system. 

SITE SELECTION 

Kalwall chose one of its existing warehouse/manufacturing structures 
in Manchester, New Hampshire as the site. The solar system was actually 
sized after business considerations dictated the size and area of the 
building that could be reasonably isolated for the project. One fourth 
of the existing 40,000 ft.2 1~ story building was partitioned off for 
the project, giving a floor area 75 ft. wide by 125 ft. long on the 
E-W axis. The west and north walls are insulated partitions to isolate 
it from the rest of the warehouse. The east wall is co~pos2d of standard 
Kalwall building panels which have aU-Value of .40-BTUHJ"ft and light 
transmission of 40%. There is large freight loading door on the east 
wall which serves as the main entrance. Besides having the loading door 
for ventilation, the building was already provided with roof overhang 
to provide shading to alleviate possible overheating from the solar 
system during the summer months. Early design calculations of the site 
showed that basic energy conservation procedures were necessary and that 
a method of coupling the air temperatures in the warehouse- to the.thermal 
mass storage would be required for efficient heat transfer. Table I 
summarizes the specifications of the warehouse. 

ENERGY CONSERVATION PROCEDURES 

The existing 20 year old structure is of heavy timber post and beam 
construction with lightly insulating building panels on the walls and 
roof. The building lies on an 8 in. thick concrete slab raised approx­
imately 3 ft. from grade. Heat loss calculations. determined that edge 
losses at the slabs needed to be reduced drastically. Two inches of 
urethane foam were laminated around the perimeter foundation wall and 
covered with fiberglass sheeting for protection. Infiltration from the 
large 24 ft. x 16 ft. overhead loading dock door on the east wall was 
virtually eliminated by applying conventional weatherstripping techniques 
and by laminating two inches of urethane foam to the door panels them­
selves. No extra insulation was originally planned for the roof, but 
due to the severe winter of 1976-1977 the roof was retro-fitted in the 
Fall of 1977 with two inches of sprayed-in-place urethane foam on the 
top surface to insulate it and make it weather tight. Upgrading the roof 
insulation to a U-Value of .07 alone reduced building energy consumption 
from the original 800 MBTU/yr. to 500 MBTU/hr. 
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DIRECT GAIN SOLAR SYSTEM 

The solar window system tor the ~uuth wall was nesigned to be equal 
to, or more desirable than glass or plastic materials in cost, weight, 
impact resistance, solar energy transmission, resistance to degradation 
from ultraviolet radlation, U-val11P insulation and lon~evity . These 
goals were accomplished resulting in Kalwall's Sunwall Solar Window 
Panel. Sunwall is a true "sandwich" panel 2- 3/4 in . thick with fiber­
glass reinforced fac~ sheets bonded to an aluminum grid core . The panel 
weighs 1 . 2 lbs . / ft. and provides a solar 2nergy transmission of 77% 
and an insulation U-factor of .41 BTUR/ ft . -°F at two-thirds the cost 
of alternative materials 

The Sunwall Solar Window system was retrofitted in place of the 
existing entire due south facing 14 ft . by 125 ft. wall, amounting to 
1750 ft . 2 of gross collector aperture. (Figure 1) 

Table 1 - Solar Warehouse Specifications 

1 . Location: Manchester, New Hampshire 
2 . Latitude: 43°N 
3, Heating Degree Days: 6500 (January - 1250 DD) 
4. Average Temperature : 32°F (winter), 710F (Summer) 
5. Warehouse Dimensions: ~25 ft . x 75 ft . x 14 ft. 
6. Floor area: 10,000 ft. 
7. Collector area: 1~750 ft. 2 

8 . Storage : Concrete Slab and Invegtories 
9. Solar Energy Supplied: 270 x 10 BTU/yr. 

10 . Owner/Builder : Kalwall Corporation 
11. Collector Manufacturer : Kalwall Corporation 
12 . Solar System Contractor/Designer: Kalwall Corp. 

SOU!l IIEATED IIAREHOUSE DEI«>NSttUINC EFFECTIVEta:SS OF PASSIVE SOU!l IIEATINC. 
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Fig . 1 Kalwall Solar Heated Warehouse 

This allows solar radiation to be admitted directly into the warehouse 
space where it comes in contact with the black painted slab and the 
stacks of inventory . The 8 in. thick concrete slab is exposed for 
3.5 ft. between the Sunwall and the first row of inventory. This strip 
or slab was covered with a black paint having an absorptivity of .95 
and an emissivity of . 95 . The effect of this direct gain system con­
figuration is that it stores energy as heat energy in this first row of 
inventory and the exposed band of concrete creating a warm area adjacent 
to the wall. A method of improving the heat transfer between this 
immediate area and the rest of the warehouse was addressed next. Based 
on small scale tests, five 24 in. diameter fans, each rated at 5500 cfm 
(with 1/4 HP motors) were installed Along the south wall, four feet 
below the ceiling and 3 feet from the Sunwallr , with their air flows 
directly toward the north wall. Each fan is controlled by two low-cost 
thermostats . One thermostat is located near the roof directly over the 
fan and the other is located 5 ft . above the floor below the fan. The 
thermostats are set to turn the fans on when the warehouse temperature 
drops below 55°F or rises above 85°F. Inventories in the warehouse were 
set on conventional pallets, running in east-west rows . The pallets were 
oriented to allow free air circulation along the slab under the pallets, 
so air could circulate from the south wall, along the roof , down the 
north wall , along the floor and back up the Sunwall. 
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Fig . 2 Interior View of warehouse showing 
Sunwallr Solar Window, Heat absorbing 
slab, and inventories . 

When the air temperature at ceiling height reaches 85°F, or warmer , the 
fans distribute the heat throughout the warehouse to be absorbed by the 
thermal mass storage . mt~n the air temperature near the tloor drops 
below 55°F, the air circulation draws heat from the thermal mass storage 
t o help maintain the minimum temperature of 45°F. 

In addition, two hot water fan heaters provide auxiliary heat during 
periods of prolonged cloudiness or at night. One unit having a nominal 
196 , 000 BTUH rating with a 1/3 HP, 3740 cfm fan is located near the 
south wall. The second uni~ with a nominal rating of 209,000 BTUR and 
a~ HP, 4885 cfm fan is located above the loading dock. 

The circulation fan sizes , quantity and resulting flow rates were 
based on preliminary tests and calculations. The resulting system works 
rather well with an average air velocity of between 20 to 50 feet per 
minute throughout the warehouse . 

MAINTENANCE 

No major maintenance has been required to keep the system operational, 
due to the inherent simplicity of passive systems. In fact, virtually 
no maintenance of any sort has been performed . 

CONCLUSION 

This direct gain solar system has met the design goals of low initial 
costs and low operating costs . The cost of retrofitting the south wall 
with the Sunwallr Solar Window system was approximately $8 , 000 . The 
system is supplying 55% of the heating requirements of the solar heated 
warehouse space for an estimated savings of 270 million BTU/yr . With a 
current fuel oil price of $ . 70/gal ., this results in a yearly savings of 
$1,900 or four year s to payback the initial investment at today ' s fuel 
prices. 

Other passive design considerations which contributed to the 
successful operation of this system include : 

1. Applying basic conservation measures to minimize building heat 
losses due to infiltration and conduction, by adding weather­
stripping , perimeter insulation and adequate roof and door 
insulation . 
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2. Leaving an exposed and blackened slab area adjacent to the south 
wall . (Black polyethylene plastic draped over inventories next to 
the wall will also augment performance by decreasing reflection). 

3. Supplying adequate air flow for heat transfer between the heat 
storage mass (slab plus inventories) with circulation fans , north­
south aisleways and clearance between the s l ab and inventories . 

4. Providing roof overhani to prevent chances of s ummertime overheating. 

In addition, allowing the warehouse temperature to have the widest per­
mittable temperature swings will also increase the contribution of the 
direct gain system in meeting building energy requirements . 

Very large scale applications of the Sunwallr system in new warehouse 
con~truction are also being undertaken. An example of this is a 120 , 000 
ft . warehouse (figures 5 and 6) located in Plover , Wisconsin, and owned 
by Warehouse Specialists , Inc. which was completed in October 1977. This 
passive warehouse uses a 600 ft . long by 24 ft . high Sunwallr window 
sys t em. The warehouse was designed to have 95% of its heating require­
ments supplied by passive solar heat. Performance data indicates that 
this design goal has been achieved. Minimum interior design temperature 
for the building is 40°F . 

SUMMARY Colle ctlna sun ' • 4nl4tU 

Construction and performance monitoring of a direct gain passive 
warehouse has dcmonztrated the cost-effectivenesl:l and easP. of operation 
of passive solar heating . The Sunwallr Solar Window System has supplied 
55% of the warehouse heating requirements, resulting in a 7 year payback 
at current fuel prices. The direct gain approach to solar energy utili­
zation with its low initial cost, low life-cycle costs, and inherent 
reliable operation provides the consumer with a means to save energy and 
dollars today. 
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WESTERN SUN AND THE SOLAR TRANS IT ION 

Donald W. Aitkep, Ph.D. 
Executive Director 

Western Solar Utilization Network 

In the interest of using federal funds for effective support of solar 
commercialization activities at the regional, state and local levels, the 
network of Regional Solar Energy Centers was established by the U.S. Depart­
ment of Energy in 1978. The Western center, entitled the Western Solar 
Utilization Network (with the attractive acronym Western SUN), headquartered 
in Portland, Oregon, was given the responsibility for the region encompassing 
thirteen of the western states·, containing about 18% of the U.S. population 
in 49% of the U.S. land mass.* 

To guarantee that Western SUN's mission is directly responsive to the 
states it is to serve, the agency was founded as an instrumentality of the 
thirteen states, with the thirteen governors, each acting through an appoint­
ed representative, serving as the Board of Directors. And to assure an 
organization that would be directly accessible to local businesses, builders, 
financial institutions, governments, school districts, professional and grass 
roots groups and individuals, Western SUN has been organized on a largely 
decentralized model, acting for the major part of its program through a net­
work of fourteen State Solar Offices (one in each of twelve states, and two 
in California). Through this network, Western SUN relies on an outreach 
services approach of workshops, education, technical assistance_, information 
transfer, marketing strategies and business assistance. 

Neither Western SUN, nor any federal agency (or, in the case of the 
Regional:· Solar Energy Centers, federally contracted centers) will actually be 
able to do the transition to a renewable energy resource base. That will be 
accomplished by people, although with helpful support, information and stimu­
lus from governmental efforts. Accomplishing the transition from a dependence 
on non-renewables to a reliance on renewables means generating sufficient 
momentum so that the transition will actually occur. A large dose of both 
governmental and engineering humility will serve this effort weil, as we seek 
those useful, clever, elegantly simple and appropriately-designed solar appli­
cations that are now emerging in abundance, and help extrapolate ~he best of 
these to widespread application (giving credit where credit is due), even as 
we turn our research directions toward future improvements and discoveries. 

In this view, it is seen that Western SUN's long-range objective is to 
go out of business, at such a time that further significant governmental 
intervention in the transition to an energy economy based primarily on 
renewable sources of energy is no longer useful. Since Western SUN is 
staffed largely by people £ormerly active in direct service to energy con­
servation and renewable energy resource applications, this remains our 
personal, as well as organizational, objective. But until that satisfying 
moment, it is clear that Western SUN has a major mission, one that will 
involve a careful integration with all other governmental and organizational 
efforts, and that must rely on the trust and support of those persons whom 
it is to serve. 

*Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, 
New Mexico, Oregon, Utah, Washington, Wyoming. 
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The Suncatche.r House 
by 

James Plumb 

Living Systems ha.::; been designing and building passive solar hones using 
a variety of passive systems for the last five years. One of these systems, 
"the Suncatcher", has been incorporated in 12 recent solar hones. The tw::> 
houses discussed in this paper are the Tarkington Suncatcher, a HUD cycle III 
dem::mstration project in Davis, calife>rnia, and the Sacramento Suncatcher, a 
demonstration passive tour house built for the Pacific Gas and Electric 
Conpany. 

Suncatcher houses use the reflective roof and soffit configuration illu­
strated in Figure I on the following page. Winter sunlight entering the clere­
story windows is concentrated and directed onto large metal culvert pipe used 
as thennal storage elements. These pipes are placed deep in the living space, 
rather than behind ground level south windows, leaving these windows open for 
views and natural light. In surrmer, unwanted sunlight is blocked by the deep 
overhang of the Suncatcher. Manually operated, insulated shutters are used 
on the interior to reduce winter night heat loss and heat gain in surrmer. 

Tlu: Tarkington house is one of the first Suncatcher houses. According 
to performance data furnished by IBM who is monitoring the house for the 
Department of Energy, the Tarkington house achieves 75% of its heating and 
100% of its cooling frcm its passive system. This house was built by a 
general contractor who, although he had no previous experience with solar, 
encountered no significant problems. The solar system, including the culvert 
pipe and the insulated shutters were subcontracted by Living Systems. The 
house was finished on budget and sold on the open market. 

The Sacrarrento Suncatcher, which has been open to the public for nearly 
a year as a P. G. & E. tour house, was constructed in the same way. Living 
Systems installed the solar components and a general contractor built the 
house itself. This house has also perfonned impressively. Figure II shows 
the house 1 s performance on a sl..li'IIIEr day when local utility conpanies broke 
all previous records for power consumption, primarily because of heavy air 
conditioning use. Without rrechanical air conditioning, the Sacrarrento Sun­
catcher maintained on this day interior temperatures bet\o.'een 80-82° F, 
despite an outdoor peak of 109 ° F. The day in question was the last day of 
a five day period with tanperatures registering over 100° F. During this 
period, nore than usual numbers of people toured the Suncatcher house, includ­
ing over 350 on one day. 

The house 1 s ability to provide cooling, even under such extreme condi­
tions, ma.kes its passive system an obviously attractive and viable alternat.:ilre 
for reducing peak energy demnds. Preliminary data on winter performance is 
equally impressive and corrparable to that of the Tarkington house. 

The performance of Suncatcher houses ma.kes the Suncatcher system an 
exciting and promising new passive design. The Suncatcher 1 s advantages 
include: 
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* design flexibility which allows flexible 
placement of thermal storage elements 
deep within living spaces 

* extensive natural day lighting which reduces 
energy consU!'Iption generated by artificial 
lighting as. -well as creating high, dramatically 
lit interior living spaces 

* the creation of a distinctive "solar architecture" 
which announCeS in the house IS dramatiC and 
distinctive roof line the building's sun catching 
function 

SUNCATCHER SUMMER PERFORMANCE 

.Figure II 

In these first houses, however, there were also problems encountered 
that are instructive for anyone building a passiv:e horre. To begin with, 
the Suncatcher roof configuration also catches rain nore easily than conven­
tional roofs, and unless care is taken with the Suncatcher cone's construction 
and flashing, leaks can occur. In areas of heavy annual· snowfall ( 24" or 
nore) snow buildup rules out using the Suncatcher. The unusual shape of Sun­
catcher houses also increases framing costs, · but not beyond averages for 
typical, non-solar custom designed houses. Similarly, the need to use nore 
than one type of roofing material can add to lal::x:>r costs because of speciali­
zation within the building trades. Suncatcher windows with tilted back gla:ss 
must be tempered and of skylight quality. Ordi.ilary aluminum sliding windows 
are cheaper and can be used in a vertical tosition. 
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A problem encountered with the aluminum roofing used as a reflector is 
that it can beoome tarnished if not stored out of the rain before actual 
installation. It has also proven difficult to find many roofing suJ:x::x:mtractors 
with extensive experience in installing metal roofs. 

For these reasons, Suncatcher designs are not ideally suited for produc­
tion-type tract housing, although they do not cost nore than other passive 
solar houses or conventional custom-designed homes. 

Public response to sorre Suncatcher passive system elements has Peen 
varied. The Pacific Gas and Electric Company's survey of visitor attitudes 
indicates sone dissatisfaction with the exposed COf1Crete slab floor and the 
large culvert pipe water storage cylinders. .M::>st visitors, however, find . 
the house surprisingly canfortable, and many express disbelief when told that 
heating and cooling are provided naturally by the Suncatcher' s passive system~ 

It is the :irrpressive thennal perfonnance of this house that will be, we 
feel, the real basis of its appeal and we are confident that passive solar 
houses will capture an increasingly larger share of the housing market. 
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RESIDEWriAL STRUCTURES IN THE COLORADO ROCKIES 

BY 

RONALD SHORE 

-Abstract-

This paper will present 3 r esidential projects which were funded 
in par t by the H.U.D. cycle of Demonstration Solar grants. The 
projects: 

1. "Dawn" A single family residential structure 
2. "Rifle One" A multi-family project for an 

energy r esource impacted area . 
3. "Sun-up" An experimental dormitory for a private 

Secondary School . 

represent a di~erse group of residential structures which have 
unique social , energy, architectural and economic program r equire­
ments. 
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Introduction: 

The following three projects in the cold mountain climate of 
the Colorado Rockies portray the results of a continuing collabora­
tive effort between Architects and Solar Consultants in achieving an 
integrated approach to responsible architectural solutions . In 
addition these projects, along with others, represent some consid­
erable effort in standardizing passive approaches to accomodate the 
use of common readily available building materials and their in­
corporation into conventional building construction. 

r .... r .-· ....... --,._- ,.---"'""-

Perspective 

I . "Dawn" - Single Family Speculative Residence. 

A number of solar homes are being built in the Roaring Fork 
Valley of Colorado. A majority of these solar structures are large, 
expensive custom homes. There was a need for an affordable, specu­
lative solar home for until the public sees affordable solar homes 
on the market, the prevailing view that solar technology is too 
expensive will continue. 

The primary program for this project was therefore defined -
Design and build an affordable solar home to compete in the single 
home subdivision market of the Roaring Fork Valley. 

This project was extremely successful, both technically and 
economically. 
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Fig. 14. Floor Plan, MBR master bedroom, K kitchen, 
D dining, L living, E entry, BR bedroom, T.W. Trombe 
wall. 

Fig. lS. Section at Living and Dining. 

Energy Conserving Features 

A. 
1. Walls (R-Value, Type of Construction) : Generally below grade 

R = 20 Masonry construction - insulated exterior. 
2. Ceiling or Roof (R-Value , Type of Construction): f r ame 

construction, R = 42 
3 . Windows and Doors (U-Value , Type): U = .69 Double glazed 

insul ated units; Marvin wood operables . One door - wood 
solid core U = . 49 

4. Appliances and Equipment: Low energy use appliances 
(Amana refrig. and range) fluorescent lights bathr oom and 
kitchen 

5 . Airlock Vestibules: Yes X No ____ ~ 
6 . Other: Beam daylighting; natural cooling; below grade 

construction; Jotel Combi to provide wood heat option; 
movable insulation, open plan 
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B. 
a. Earth Benning: yes - north, east and west exposures 
b. Entrance location(s) with regard to winter wind: winter 

winds from NW - entrance on south 
c. Natural ventilation: operable windows and high ceiling 

vents 
d. Natural light : yes - beam daylighting throughout 
e. Natural vegetation: 

(1) Shading: There are no trees or high scrub oak on site 
(2) Wind breaks: No natural windbreaks - below ground 

construction 
f. Orientation: Building is oriented with long axis east-west 

15° west of south 
g. Other: Impressive 180° mountain peak view to south -

gentle south facing hill 

Passive Solar Energy System: 

The solar system of this 1400 sq. ft . house is composed of 
Trombe walls and south facing direct gains glass. Bedrooms and kit­
chen are heated by 230 sq. ft. Trombe wall. Three vision windows 
occur in the Trombe walls. To capture the panoramic mountain views, 
the dining and living areas share 165 sq. ft. of south and southeast 
facing glass . Water containers provide 380 gallons of thermal mass, 
in addition to tile floors. Automatic self-inflating curtains pro­
vide night insulation for Trombe walls and dining glazing. Roof 
monitors provide clerestory light and direct gains to north rooms and 
mass walls. 

Final Note: 

The building was built for $35/SF and was sold three days after 
the foundation was poured . This structure is the least expensive 
speculation building sold to date in King's Row Subdivision. 
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II . Rifle One - Duplexes; Rifle, Colorado . 

The need in Rifle Colorado (an oil shale impact area) for a 
demonstration of a fully integrated approach to energy efficiency 
design at realistic costs is obvious. At present this area is the 
fastest growing community in Colorado and with accelerated growth 
there is usually a void in planning and a motto of "Development at 
any cost." The traditional elements of high growth impact areas 
are present and this project has been a significant addition to the 
town of Rifle in showing both the city government and developers 
that yes ! rental housing can be built which is indeed responsible 
from an energy, architectural and development point of view . 

' ' T 

~ Site Plan 
c ......... ..-J r~.- --
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. . ....... o,.. _.,, ........ .... 

Floor Pla n - .------.---.. 

Section -,.· 
- .-..-. 

Solar System: 

This project, a recipient of a Cycle 4A HUD solar grant , consists 
of four identical 900 sq.ft . dwelling units in two buildings. The 
solar system is composed of 140 sq. ft. of Trombe wall per dwelling, 
direct gain south glass, and clerestory glass bringing light to 
north spaces and radiation to the north mass wall . These rental 
units are being constructed at a cost competitive with similar 
housing of conventional construction in this area. 

Final Note: 

One of the largest projects in Rifle, Colorado is housing . This 
project offer s an op t ion to the trailer park syndrome. 

The proj'ect was built for a cost of $31/SF . The city planner 
and the devel oper have now begun working on future development of 
this type on the adjoining 3 acres of land. 
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III. Sun-Up - An Experimental Dormitory for the Colorado Rocky 
Mountain School. 

SOUTH ELEVATION 

NORTH ELEVATION 

Sun-up is a 5,500 square foot dormitory for fourteen students 
and one faculty family . With the exception of a second floor bed­
room/study in the faculty residence, the building will be one level 
sunk underground and covered with sod. Only the southern wall will 
be exposed. Seven rooms for students (two students per room) open 
onto an east-west hallway interrupted in the center of the building 
by a living room. The faculty apartment is at the east end of the 
building and shares a storage and workshop area that separates it 
from the students' area . The workshop and storage area provides 
space needed by both students and faculty but also acts as a sound 
barrier and thus gives a measure of accoustical privacy to the 
family in residence . 
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Each student room has south facing windows and a water column­
solar collector. During winter days, an insulated screen will be 
raised to allow the heat uptake by the collector. In the evening the 
screen will be lowered to minimize heat loss to the outside while 
doors behind the collectors will be opened to radiate heat out to 
the room. Each student, therefore, must act on behalf of his or 
her own comfort and any negligence on the part of one will not 
effect the comfort of others in the dorm. 

The building itself is heavily insulated (above Ashrae 90-75 
standards) below the floor, in the walls, and in the ceiling . Earth 
moved up against the north, east, and west walls and on the roof 
further isolate the building from external variations in tempera­
ture . The underground design is thus an integral part of the thermal 
plan . It is also important for achieving harmony with the surround­
ing fields. Although burying the building increases construction 
cost, the extra cost will be returned by the seventh or eighth 
year through significantly lowered maintenance costs. 

Colorado is one of the more suitable locations in which to 
employ a solar heating system. The number of clear days in the 
Carbondale area and typical winter temperatures are such that we 
can expect the solar system to provide more than 80% of the build­
ing ' s heating requirements . A wood burning furnace with hot air 
ducts to the extremities of the building will be used to supple­
ment the solar system during prolonged periods of cloudiness or 
low temperatures . On the educational side, monitoring the temper­
ature, cutting wood, and lighting and stoking the furnace are an 
easy way to remind ourselves what it takes to be comfortable . 

Economically conservative assumptions suggest that operation 
alone of a conventional gas heating system would cost approximate­
ly $75 ,000 over a 20 year period (repair and maintenance not in­
cluded) . The operation of the solar system costs nothing (again 
repair and maintenance not included) even though the installation 
cost of the solar system is $22,000 more than a conventional sys­
tem, the economic advantages remain apparent . In fact , the hous­
ing cost per student per year in a conventional dormitory at CRMS 
is $1,224. In Sun-Up, we'll be able to house students for $638/yr. 

Because Sun- Up is an attempt to provide a comprehensive 
awareness of our impact on the environment it is also designed to 
minimize the waste of water and the heat that is usually asso­
ciated with it . Water from sinks and showers will therefore be 
held in a reservoir under the floor so that its residual heat can 
can be utilized. That same water will also be used to flush toilets. 
Any excess water will be carried by pipes to subfloor storage in a 

506 



greenhouse that fronts the faculty apartment. From here it will be 
used to water plants. Traces of soap, "'~ are told, are actually 
beneficial to plants so this system seems ideally suited to our 
needs. The system has been approved by the Colorado State Depart­
ment of Health. 

Sun-up thus offers comfortable housing for 14 students and a 
faculty £amily. It minimizes operational costs, eliminates most 
t r aditional maintenance (heating systems and ext erior paint), and 
pr ovides, in addition , an educational experience that not only 
heightens our awareness of our impact on the resour ces of the 
wor ld but offers an attractive and comfortable alt ernative as well . 

MAIN LEVEL FLOOR PLAN 

SECTION 8 ·8 
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Issue~ and Opportunities In Passive Solar Development 
Wayne and Susan Nichols 

Santa Fe, New Mexico 

ABSTRACT 
Passive solar construction represents an interesting opportunity 
for builders, designers and developers throughout the country. 
The demand in America for low energy design and construction tech­
niques will unquestionably increase over the next decade. In our 
market we know passive solar homes work and are salable . They work 
so well, in fact, that we are convinced passive solar will play a 
major part of our government's continuing energy initiatives. The 
opportunity is clear. Our national goals will switch faster than 
our capacity to design and build l ow energy structures. Those 
experienced in these techniques will have a sizable advantage over 
those just entering the field. The key to the present opportunity 
in passive solar is an understanding of how the technology fits with 
residential and light commercial real estate. 

This paper will first describe the work we are now doing in Santa Fe . 
It will then discuss the state of the dr·L of passive solar and ~orne 
of the marketing principles in real estate as they affect the 
acceptance of passive solar structures. We will conclude with a 
discussion of how marketing may affect key decisions in the design, 
development, financing and sales of passive solar homes and sub­
divisions . 

Commercial builders in Santa Fe are using more passive solar 
techniques in custom construction. Susan and I are smal l builder/developers 
and are the first in our market to use passive solar as the center of a 
development program for an entire project. The project, La Vereda, is 19 
passive solar homes on 10 acres within the ci ty of Santa Fe. 

We have just completed First Village, a luxury solar development 
of 8 homes on 40 acres, 4 miles south of Santa Fe. Passive solar has 
played a dominant role in our design, construction, and marketing plans. 
We feel that our success to date is a result of properly mixing passive 
solar techniques with open space site development, water conservation , 
quality construction; and, a general business philosophy of environmental 
concern and responsibility. 

The 8 home First Village was started four years ago as a laboratory 
to test solar acceptance in a real market situation . All 8 homes are sold 
from prices of $95,000 to $190,000 with house construction costs in the 
$50 per square foot range. In 1975 very little was known about passive 
solar design and construction. The high priced custom homes in the First 
Village project allowed us to experiment with very little risk. 
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Fig. I Unit #3 Unit #4 
First Vi 11 age First Village 

Our next solar development "La Vereda" is an in-town R-2 planned 
unit development with 19 homes in three small solar villages or clusters 
with solar and water conservation required by deed covenant. The unit 
prices will be $95,000 to $130,000. The sales price, exclusive of land, 
will be in the $42 to $45 per square foot range . Lot prices are $20,000 
to $25,000 for 1/2 acre of land. 

There is substantially more risk in pioneering passive solar in this 
somewhat lower cost, urban market. The trick will be to preserve that 
important sense of quality, consistency, and responsible development at 
these lower price ranges. 

Passive solar, like any new technology, will go through stages of 
evolution in the market. Our First Village subdivision is the first 
generation in this evolution. Here we have proven that the pass i ve solar 
technology works can be adapted to local construction and market standards. 

Fig . II Model #4 La Vereda 
Model #4 is a 2,000 square foot split level with 90% solar fraction 
using mass backed greenhouse and rockbed for $120,000. 
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Our L~ Vereda P.U.D. is a second generation solar development. The 
homes will be standardized models w1th .less custullliLing. OUI~ emphusi~ will 
be on production, and cost effective passive solar construction details. 

The thin! generation of pa~~ive solar developmP.nt is the m~lti-family 
market. We will accept for this challenge once the optimum construction 
details have been identified, for cost and thermal performance. 

Passive Solar is Simple: 

Passive solar heating is a simple design and building process that 
can be incorporated into any structure whose-heating load is skin dominated 
such as residential or light commercial. The concepts are not difficult: 
face the building south; place glass on the south side to let the winter 
sun in; build substantial mass into the interior of the structure to absorb 
and store the heat for night time use; and add moveable insulation on the 
south glass so the heat is trapped in the structure at night and heat loss 
from the glass reduced. These are principles that any builder or designer 
can use in his own climate to achieve rather startling results in heating 
energy conservation: such as 70 to 90% over conventional structures. 

Cooling: 

Passive solar technique5 for cooling are not as advanced as for 
heating. In cooling we are able to cut the energy load substantially-with 
insulation, shading, venting and earth sheltering. With the exception of 
roof ponds, there is not yet a set of passive techniques that can com­
pletely eliminate cooling loads or dehumidify. 

HUD Program: J •• -. 

The HUD solar demonstration program has been very helpful to us in 
our own operations. The funds provided by the demonstration grants have 
helped us meet payroll more than once over the pa'st four years. Besides 
the money, the HUD program has provided several other benefits: most im­
portant, HUD has acted as a network of information on solar activities 
throughout the country. By being a part of the program, we have been 
plugged into the network. This has allowed us to measure our own goals 
against everythi.ng going on in the industry. The whole solar field has 
moved very quickly. HUD understands builders and builder's problems 
better than any engineers or program planners. They have been quick to 
give us either positive or critical feedback and are sensitive to the 
inexact nature of the residential construction process. 

HUD has been essential in the development of our own strategic plan. 
The decision to switch from active to passive systems construction evolved 
from HUD's monitoring various active system results around the country. 

HUD's research on solar buyer profiles has also been useful in 
validating our own marketing plans and understanding solar buyer prefer­
ences and characteristics. It would be a great misfortune to solar 
technology if HUD's role were _reduced or eliminated. 
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The Passive Solar Market: 

Passive solar is a real estate product. It affects value and the use 
of real property. The long-term potential of passive solar depends on how 
it fits with overall real e~tate market trends; and there is no question 
that reducing energy consumption is a trend in the building business. 

In the residential market builders and developers will use passive 
solar only if it can be proven that it works, it is cost effective, it is 
acceptable aesthetically to buyers, and it gives the builder a differential 
advantage over his competitors in the local market. Builders are not quick 
to adopt new technologies and with good reason. The large amounts of money 
and lead times involved can make a single mistake financially disastrous. 

Product Life Cycle: 
Passive solar is a new product· and will follow a predictable pattern 

called a 11 product life cycle. 11 The concept of a product life cycle is 
helpful in understanding where and how passive solar will be adopted by 
builders and buyers over the years. The product life cycle starts with a 
few brave souls who experiment with something new. These are called early 
innovators or adoptors. They do original research and act to model the 
product for the next group of buyers called middle adopters. The middle 
adopters rely on the early innovators to test the product and demonstrate 
its value. The late adopters are the last to use something new and usually 
wait before they buy ~ntil late in a product's life when prices have dropped. 
Passive solar has all the earmarks of a successful new product. We are. 
still in the early innovator stage which is why interest is focused on 
customized buildings involving professional architects. Solar buyers are 
people who are interested in new things and can afford them. As passive 
solar matures, we would expect to see the focus shift from custom buildings 
to tract and mass produced housing. It is the builder/developer who must 
carry the passive solar ball through the middle adopter stage of its life. 
cycle. 

Million• of 
Structures PRODUCT liFE-CYClE CURVE 

26 

24 

22 La1e Ado~pteR 

20 

18 

16 
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12 

10 Middle Adopters 

/ 

2 Early lnnovatou 

Ye~n 1976 1980 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020 

Fig. III Possible Product Life Cycle Curve for Passive Solar Acceptance 
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Match the Product and Market: 

Successful selling of passive solar requires matching the real estate 
product with those buyers who are most likely to buy it. It would be a 
mistake to develop a passive solar home designed t9 sell to late adopters. 
The Lr·kk i11 llldrkeL"iny a passive solar home 1s to first identify the 
market segment and then design a product to fit the segment. This is 
especially difficult in real estate where the product is a mix of location, 
design, price, construction, financing, and development approach. The 
successful passive solar home is an interdisciplinary systems problem that 
must blend each of these interdependent components into a single solution. 
It is no wonder that builders are hesitant to plunge full bore into the 
market.place with passive solar products. · · 

State or Market: 
There is a natural process of market acceptance for passive solar 

going on right now .. The HUD and DOE programs such as the last Passive 
Solar Design Competition are doing a great deal to accelerate builder 
acceptance. In one year there will be hundreds of passive solar residences 
scattered throughout the country in major markets. These homes are sig­
nificant because they have been carefully screened by the evaluation teams 
to pick the best examples of salable, regionally ·appropriate, high perform­
ance passive so~ar homes. HUD, SERI and DOE have done a good job in their 
selection. The infusion of these high quality carefully considered passive 
solar designs into the market place could accelerate growth of the technology 
through the life cycle stages. 

In plain language, the product could go very quickly from custom homes 
to the total development stage. We have found in Santa Fe that most of our 
sales are word of mouth; and feel this has resulted from our taking a 
leadership role in our market and introducing passive solar first and at a 
visable scale. We would recommend this to other small builder/developers 
who would like to establish an innovative, quality reputation in their 
market. Strategically, the best point of entry into a new product market 
is just before it moves into the middle adopter stage. At this stage the 
experimentation has been done and the market is just entering a growth 
period. If that growth accelerates as the result of an effective federal 
program, it will be increasingly difficult to achieve visibility in your 
market. A good plan is to start now with a few homes to test the water, 
learn from your buyers, and get your local reputation established. 

Who are the Buyers?: 
Housing Magazine called them the hottest segment of the residential 

market. "The young professional." They buy the small car, read magazines, 
have planned families, are between 35 and 44 years old, and ·they have the 
money. In the next ten years, their number will increase from 28 million 
to 40 mi 11 ion. And, they wi 11 contra 1 $1 out of every $4 of persona 1 income. 

In terms of real estate, the war babys, grown up, represent the 
primary market for new residential construction for the next ten years. 
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This is a very significant trend. The number of households in the 35 to 44 
age grou~ will fncrease as follows: 

1979 1985 1990 
Households 12,23p,OOO 15,538,000 18,224,00 
Average Income $24,808. $27,326 $29,485 
Within this group there'is a smaller group that is attracted to 

passive solar. The Franklin Institute has analyzed buyers of solar homes 
under the HUD program. SERI has done similar studys and they confirm our 
own sales experience in Santa Fe. We suggest the following profile as the 
target segment for pas·sive solar. 

Solar Buyer Profile 

1. Age- 30 to 45/55 and up 

2. Children - 0 to 1.5 

3. Income- $25,000 plus (combined) 
4. Employment- Two jobs, professional, self-employed 

5. Education - Advanced Degrees 
Concerns- Quality, Environment, and Flexibility 

Fig. IV Passive Solar Buyer Profile 

The literature and our experience indicates another important group 
which is older households moving to a smaller home and looking for relief 
from a diminishing fixed income. Our sales at.La Vereda are running about 
half older households and about half younger couples in the 35 to 44 age 
bracket. · 

Buyer Motivation: 
In our experience, p~~sive solar buyers see themselves as "res~onsible~ 

This is why they buy a solar home; and they look for the same thing in a 
builder/developer. They are sensitive to quality and expect the home design, 
the construction, site planning, and solar·approach to be carefully thought 
through and consistent with their expectations of responsible home builder. 
Part of the appeal of solar is a backlash against what these buyers consider 
irresponsible builders. T.he purchase of a passive solar home is, therefore, 
a personal act with wider social and community implications. 

We feel there are four components to the buyer motivations for 
purchase. They are: 

Buyer Motivations 
1 . · Image 
2. Economics 
3. Comfort 
4. Information 
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Image: is a primary motivation for the early solar buyers. To be first 
in the neighborhood with something new is a strong incentive. The personal 
and social imp'lications of owning a solar home is also an important 
motivation. · · 

Economics: of energy savings·will be increasingly a motive for purchase. 
The economics of solar heating is still somewhat cloudy. As fuel prices 
and national concern rise and as subsidy programs are extended to passive 
solar, the economic benefits will be more apparent and the motivation 
stronger. It should be noted that passive solar has real economic advan­
tages in most markets. A lower first cost and non-existent operating and 
maintenance cost for equal performance gives passive solar the competitive 
edge over active systems in any economic model used. 

Comfort: is a key to passive solar system's acceptance. A properly de­
signed home with sufficient interior mass, will give good solar heating 
fractions with very little interior temperature swings over a daily and 
yearly cycle. The interior mass is basically a radiant heating system 
without the on/off blasts of hot air from forced air furnaces. In most 
markets, a radiant system is the preferred high quality heating technique 
and this is a real plus for the passive solar approach. 

Information and control: are an important motivation for purchase. 
Selling the passive solar home is selling information to the buyer about 
.how well the system will perform and the cost savings that will result. 
We see ourselves as selling a little energy company to the buyer. He wants 
to know how much extra he is paying and his expected return. The more in­
formation we can give, the happier he is and the easier the sale. Detailed 
solar engineering, incremental cost analysis and economic projections all 
help to reduce the buyer's fear of doing something new and untried. Good 
information is essential to the successful passive solar marketing plan. 
The basic need that underlies demand for p~ssive solar is the growing 
sense in America that things are out of the individual's control. Passive 
solar.offers a degree of self-sufficiency to the buyer and increased con­
trol over the uncertainties of his immediate environment. Buil~ing whole 
projects of passive solar homes also adds the·critical dimension of 
11 Conununity .. to this sense of self-sufficiency and control which in turn 
enhances the buyer's motivation. 

Check List: 
The following checklist is offered as a guide in putting together 

a successful passive solar development: 

I. Real Estate Principles 

Remember, good passive solar design will not save a badly 
conceived real estate project. It will give a good project 
an important differential advantage.in its local market. 

a. Location: is the most important aspect of real estate. Pick 
a. location that will appeal to your target segment. Error on 
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the side of quality. 

b. The ~arget Segment: should be carefully determined. Who are 
the prospective buyers in your local market and where in town 
are they now ouying. Prepare a buyer profile to act as the 
basis for design, pricing and development approach. · 

c. A Neighborhood Profile: is also important. Once the location 
is selected, survey all existing adjoining developments for 
architectural style, floor plans, price, ~menities and types 
of buyers. It is important to match the target segment with 
a neighborhood where these types of people are actively buying. 

II. Solar system design 
0 ~ 

a. Architectural style is the key to successful solar de_sign. 
The passive solar elements must be carefully fitted into the 
styles popular in a market. The better the integration of 
the passive solar elements with acceptable,architectural 
styles the greater the market acceptance. · 

b. Passive solar techniques are different for each region. The 
basic approaches are the same nationally but the mix and 
proportions vary with local climatic conditions. Survey 
existing passiv~ solar structures in your region and their 
performances. Talk to builders and users and sele~t the 
optimal regional solution. Prepare full engineering calcu­
lations and sensitivity analysis for your design and systems 
and see if the. solar fraction is sufficiently high to motivate 
buyers. Cooling and humidity are·problem areas that must be 
considered. We have found that mass backed greenhouses, 
trombe walls and rock beds give high performance with small 
i nter.i or temperature swings • 

... 
III. Development 

a. Site Planning is as important in pass-ive solar development as 
the house design. We believe that the buyer is looking for 
a developer who_ respects and preserves the existing landscape 
and terrain. The cluster type setting and open space planning 
using the planned unit development approach allows maximum 
flexibility for house solar orientation. In La Vereda we have 
four acres for 19 homes and lots, one acre for roads and five 
acres of open space. 
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Fig. V. La Vereda Site Plan 

b. A homes association is used to own and maintain the open 
space in all our projects. The Homes Association is also 
empowered to select and install future energy savings 
technology if the homeowners so decide. Solar rights are 
incorporated into the association documents and along with 
the architectural review are enforced by the association. 

c. Community aspects to passive solar development help sales. 
Buyer resistance to accepting something new is reduced if 
all the homes are solar . Also, the community can give im­
portant visibility to a project . By working closely with 
local zoning and civic groups, a passive solar development 
is an important coMnunity asset . The local utility, uni­
versity, or research laboratory may want to participate in 
designing and monitoring a project giving it more visibility 
and credibility. 

IV . Construction 

Is the key to good passive solar performance. Infiltration 
accounts for half the heat loss in a residence. We use our own 
crews who are experienced in our rigorous quality standards for 
vapor barriers, insulation installation, and other critical 
details. Remember the builder is the solar manufacturer, and 
passive solar is primarily a construction process technology not 
an equipment technology. Choose a builder experienced in energy 
saving construction techniques in your area. 
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V. Financing 

The project size will determine the financing approach. Smaller 
projects of one to six homes can best be financed by local savings 
and loans or banks . On larger projects it may be advisabl e to 
get a permanent loan commitment from your regional Federal 
National Mortgage Association office. The lender or appraiser i s 
your first sale. We have found it very helpful to spend a great 
deal of time educating lenders and appraisers on passive solar 
construction techniques and benefits. It is important to get 
these people on your side from the beginning. To do this~ we 
prepare an elaborate lender presentation package as an aid in 
a full-scale lender education program. It is also advisable to 
separate energy conservation costs like insu lation from direct 
incremental solar costs. Most loan and appraisal forms make 
this distinction. 

Attention to the above issues will help in avoiding the most obvious 
pitfalls in initiating a passive solar program. Passive solar heating 
works in most major markets and it can be successfully incorporated into 
regionally acceptable architectural styles. The size of the opportunity 
is a function of establishing a local reputation for expertise in energy 
conserving design and construction techniques. We suggest taking advantage 
of this opportunity now. 
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INTRODUCTION 

The Solar Way Building; 
A Commercial Solar Demonstration Project Which 

Uses a Phase Change Mqterial for Thermal Storage 

Charles L. Hliege P~E. 

The purpose of this presentation is to share design and construction 
experiences of an active air solar system which uses a phase change material 
for thermal storage. 

The primary goal of this solar project is to demonstrate that solar energy 
is a viable source for space heating, water heating and solar cooling in 
Oregon's Willarnette Valley. A se~ondary goal is.to demonstrate the use of a 
salt-hydrate eutectic, phase change material in a solar heat storage 
applicat,ion. 

The Solar··Way building is a two story office building with 4000 sq. ft. of 
office space and a full basement of 2000 sq. ft; The two upper floors house 
five offices. 1hA hARP.m~nt is presently intended to be used as storage space 
but can be readily converted to additional office space. The building is 
energy efficient, constructed using 2 X 6 wall framing, R-19 insulation in 
the walls and R-38 insulation in the upper ceiling. Windows are double 
glazed and glass area is kept to a minimum to minimize heat loss. 

It is projected that the solar system will produce: 
· 66% of the combined annual space heating and water heating needs. 
34% of the annual cooling needs. 

·SYSTEM DESIGN 

Collectors 
The collector system selected consists of f<;>rty-eight (48) flat plate air 
collectors manufactured by Valmont Energy Systems, Inc. Valley, Nebraska. 
Nominal effective collector area is 936 sq. ft. The collector frqrnes are 
made with 18 ga. steel, painted with a heat resistant black paint and 
prebaked to minimize outgassing. The double glazing of 1/8 inch tempered 
glass is mounted in a high temperature EPDM sealing gasket. This gasket 
is slightly vented to control moisture which might become trapped between 
the two glass panes. 

~ 

The absorber plate is 28 ga. corrogated steel protected by q nickel plating. 
The absorbing surface is coated with black chrome which has an absorptivity 
of 95% and an emissivity of 10%. 

Collector trim is made from a 14 ga. galvanized steel and finished with a 
dark bronze color flurocarbon (Kynar) for long life. 
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; The collect'or system was designed to withstand stagnation temperatures without 
causing damage to either the collector or to the structure to which it is 
attacned. The thermal.expansion characteristics of steel and glass are 
nearly identical, making them quite compatible. The structure is protected 
from the heat of the collector by three inches of semi rigid fiber glass 
insulation rated for 400°F, (Owens Corning #703 unfaced). This insulation is 
used to prevent outgassing at high temperatures. 

The collectors are mounted on a. Vertical wall facing 120 East of South. 
Vertical wall construction was selected to facilitate lower construction 
costs. Studies by Los Alamos Scientific Lab have shown that major deviations 
from optimum tilt have only a.minor effect on annual performance with systems 
which provide more than 50% of the annual heating requirements. 

In this instance annual performance projections are affected by less than 5% 
with the collector tilt at goo instead of at the optimum of 60°. Vertical 
collectors ·allow easy implementation of reflectors placed on the ground in 
front of them. In addition, solar collection efficiency drops in the summer 
due to high sun angle and presents less of a potential problem with 
overheating. 

Phase Change Storage 
Due to the fact that this is the first project in the D.O.E. commercial 
demonstration program to use a phase change material for storage, some time 
will be devoted to developing background materials to facilitate a better 
understanding of phase change materials (PCM's). 

'(l)(Because of the time dependent nature of solar energy and building heating 
loads, an efficient method of thermal storage is necessary for solar energy 
to be practical. 

With liquid type solar collectors, the traditional method of storage involves 
a large insulated tank of water which is heated either directly or by means 
of a heat exchanger. This solar heated water is then used to heat the 
conditioned space through a fan coil or is boosted in temperature with an 
auxiliary source for delivery.to the area to be heated. 

With an air type solar system, storage is usually accomplished by means of a 
rock bed. This method involves construction of a storage bin using either 
wood frame construction, concrete block walls, or a poured concrete chamber. 
Appropriate air plenums are built into the box. The structUre is then filled 
with smooth round stones approximately lU inch in diameter. Solar heated 
air is blown into the bin and circulates through the rock transferring heat. 
Heat delivery to the conditioned space is accomplished by circulating return 
air through the stones where it is heated and then ducted into the 
conditioned space. 

Both of these methods involve heat storage in the form of sensible heat. 
Sensible heat describes the phenomenon whereby energy absorbed or released 
by a material results in a temperature change of the material. 
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A third method of thermal storage exists that involves the use of a phase 
change material. When a material changes state from a solid to a liquid at 
its melting point, it will absorb large amounts of energy with no change in 
temperature. This energy· is called latent heat. For instance,. one pound of 
ice at 32°F will absorb 144 BTU's as it changes into one pound of water at 
320F. The use of a PCM would allow much more energy storage per unit volume 
than sensible heat storage methods. 

Sodium sulfate decahydrate, also known as Glauber's Salt is one such PCM. 
Because it melts at 89°F, it is suitable for use as solar storage. The salt 
absorbs a large amount of energy in order to melt at 890F. In the temperature 
range of 85°-1100F, the salt will store 5 times more energy than water and 14 
times more than rock for an equal installed volume of material. (See Fig 1) 

There are two major benefits from this. 1. The required volume for storage 
is greatly reduced. 2. Solar system efficiency is improved. Efficiency of 
a solar collector is dependent on the temperature difference that is 
developed between the inlet and outlet temperatures of the operating fluid. 
With sensible heat storage methods, the temperature of the returning fluid 
is constantly rising as more energy is put into storage. PC storage, however, 
operates at a nearly constant temperature resulting in a low return air 
tempeL'CiLur~ Lu Lhe (;Ollec tor. 
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In addition to the benefits which are to be derived from the use of PC 
storage, certain problems exist as well. Nearly every solar publication 
available describes PC storage as an experimental concept, not yet 
demonstrating reliability. One of the main problems has to do with 
stratification or breakdown of phase change materials. The chemica1 
composition of Glauber's salt consists of 44% Na2S04 and 56%.water. As a 
solid, this material exists in a homogeneous crystalline form. l~en it is 
melted ~nd heated above 90°, however, approximately 15% of the sodium sulfate 
will precipitate out of solution as a solid, with the remaining mixture being 
composed of a saturated solution of sodium sulfate and water. This separation 
occurs because the anhydrous sodium sulfate is twice as dense as the Glauber's 
salt. When cooled, the mixture will begin to freeze with the initial crystal 
growth occuring at the interface between the solid and liquid solution. As 
the crystal growth progresses, it interferes with the complete recombination 
of the material resulting in a loss of thermal storage capacity. This 
separation is permanent unless the mix is agitated to promote recombination. 

The tremendous benefits afforded with the use of PC storage for solar energy 
has drawn considerable attention aimed at the problems associated with its 
use. The G.E. Co., is working to develop containerization of Glauber's 
salt in a stainless steel drum that is continually rotated to prevent 
separation of the salt mixture. 

MIT is experimenting with thin layers of a eutectic mixture contained in a 
waterproof polyester concrete ceiling tile. Dow Chemical has chosen to work 
with calciUm chloride hexahydrate, a PC material that melts at 81° and does 
not have problems of stratification. This material is, however, both 
corrosive and toxic. 

These various approaches are too costly, too dangerous, or impractical. The 
foremost authority on phase change thermal storage in this country, and 
probably the world, is Dr. Maria Telkes. Her involvement in solar energy 
goes back over 50 years. She has been involved in solar thermal research 
with MIT, the University of Delaware, and currently is associated with the 
American Technological University in Killeen, Texas. 

Dr. Telkes has developed a process which-prevents the stratification of 
Glauber's salt by means of a thickening agent. This mixture is packaged in 
plastic containers and has been subjected to over 1000 freeze-thaw cycles in 
accordance with approved ASHRAE and NBS testing procedures. No loss of 
thermal capacity or degradation occured. This many cycles would be the 
equivalent of approximately 10 years in a solar heating system application.) 

The storage system used in this project uses this process and is manufactured · 
by Valmont.Energy Systems, Inc., Valley, Nebraska. It is manufactured under 
exclusive license from Dr. Telkes and American Technological University. 

The PCM used is the Salt hydrate sodium sulfate decahydrate (Na2S04• 10H20) + 
Crust Forming Stabilizers. 
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This system provides a means for the salt crystals to become self~supporting 
as well ?.!? overcomes stratification problems that many have sought to 
overcome. In this process a crust is formed around each crystal ot· the so~id 
salt hydrate by chemical means. Above the melting point the crystals melt 
in their crust-shells, but due to the small size of each encrusted crystal, 
stratification is negligible. The entire structure is self-supporting, even 
when the crystals are at a temperature above their melting point in the 
liquid state. 

This salt hydrate encrusted-conglomerate is packaged in a hermetically sealed 
container made by blow molding a high-density polyethylene (HDPE). Fillers 
are added to the plastic to prevent permeation of water vapor. It is 
essential that the ioss of water through the container wall be reduced to an 
absolute minimum of 2% during 10 years. It is possible to add 2% excess 
water to the mixture during initial mixing, which will be lost gradually and 
permit operation for 20 years, when there will be an actual water loss of 2%. 

The particular design of the container used to contain these salt hydrates is 
·end filled and then permanently sealed with an induction type seal. The 
container design facilitates self stacking in the storage compartment and 
allows for a typical air passage of 35%. (2) 

The storage configuration used here contains 384 containers of the PCM. The 
containers are approximately two. feet long by one foot wide by two inches 
thick. They are stacked four wide and four long with vertical transite 
support dividers between each row of containers. Once the containers are 
stacked twelve high, a horizontal support shelf is placed across the vertical 
dividers so that the next section of containers can be stacked as the ones 
below. 

Storage Capacity: 
Heating--9,676 BTU@ 890f - 89oF (28.90C-31.7°C) Sensible 

691,200 BTU@ 89oF' (31.70C) Latent 
134,784 BTU@ 89or- 1200f (31.7°C - 48.9°C) Sensible 
835,660 BTU TOTAL @ 120or (48.9°C) Latent + Sensible 

Cooling--72,576 BTU@ 500f - aooF (10.0°C :- 26.7°C) Sensible 

ENERGY TRANSPORT/CONTROLS 

Energy Transport 
The energy transport.:system consists of a fiberglass duct system fabricated· 
using the Micro-aire™ duct system ·BY Johns-Manville. This system 
minimizes air leaks and noise as well as provides insulation built into the 
system.. All motorized dampers in the system are a Lo-Leak type. Losses 
are specified at less than 20 CFM per square foot of damper at 1" pressure 
(1% at 2000 ft. approach velocity). 
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Controls 
The solar collection and distribution .system is controlled by a "Homemaster" 
solar controller by Solar Control. Functions not provided by the controller 
were designed and installed by HITEK, Inc. The Solar System has nine 

·operating modes. 

1. Collector to heated space. 6. Continuous air flow. (Nocturnal 
2. Collector to storage. ' cooling) 
3. Storage to heated space. 7. Auxilliary cooling 
4. Domestic hot water pre-heat. 8. Excess Heat Venting 
5. Auxilliary heat. 9. Fan only 

SPECIFIC CONTROL DESCRIPTION: 

.Refer to the system schematic (Fig 2) for clarification. 

Collect and Store Mode: 
When pre~determined temperature differential between collector and storage 
exists, the collector fan turns on and moves heat into storage. 

Collect and Heat Mode: 
When solar energy is being collected and heat is called for by room 
thermostats, the controller will control dampers as indicated to direct the 
heat to the required areas. The solar system is tied into the back-up heat 
distribution system as is indicated in Fig 2. 
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Heat From Storage 
The heating system consists of four zones, ·each with their own thermostats. 
There are two backup electric furnaces with back-up air conditioning. Each 
furnace· system handles two zones. Individual thermostats control zone 
dampers and signal the controller to turn on the appropriate fan/furnace/air 
conditioner according to the mode requested by the thermostat. When heat is 
in storage, the fan in the back~up units pull the heat from storage and 
distributes it to the required zones. 

Auxilliary Heating 
In this mode of operation, heat is called for by room thermostats and is 
provided by the auxilliary furnaces. The controller provides a two stage 
output for control of the auxilliary furnaces. When the controller 
determines that no heat is in storage or being collected it controls the 
auxilliary furnaces such that the required heat is delivered to the room 
demanding heat. The storage is bypassed when W2 is called for, and cold 
storage is less than 70°F. 

Domestic Hot Water Heat 
Domestic hot water is heated when solar heat is being collected, depending 
on the collector temperature and the temperature of the water in the 
pre-heat tank. When the collector is warmer than the water in the pre-heat 
tank by a preset differential, the small fan will turn on to move the solar 
heated air through the heat exchanger. Also a pump will turn on to move 
water from the preheat tank, through the heat exchanger and back to the tank. 

Continuous Air Flow (Nocturnal Cooling) 
In this mode the fans in the Auxilliary furnaces turn on, dampers A, C and F 
are closed and dampers E and H open for day "free cooling" operation. Heat 

' is removed from the building during the day and is stored in the storage room 
while the "cool" is moved into the conditioned space. In this mode of 
op~ration only sensible heat is used. The amount of cooling available is 
dependent on the size of the storage since the specific heat of the Valmont 
Salt Hydrate in solid form is 0.35 BTU/lb°F. 

It is also limited by the outside night air temperatur~, since this is how the 
storage is cooled. At night, dampers A, B and D open, damper C closes and the. 
collector fan turns on. Cool air is brought in from the outside through the 
vent at damper B. This cool air "flushes" the heat out of storage and 
exhausts it through damper D and out the exhaust vents on the.south side of 
the building. The Willamette Valley has quite cool nights in the summer 
and therefore acceptable performance is expected with this cooling system. 
It is projected that the nocturnal cooling system will provide 35% of the 
annual co.ol ing needs • 

Auxilliary Cooling 
This mode of cooling is activated when the free cooling mode cannot keep up 
with co.oling requirements. Request for the second stage of cooling by 'room 
thermostats results in damper E closing and d~per F opening, while the 
back~up air conditioner compressor is turned on. In this mode the storage is 
completely bypassed for more efficient operation. 
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Fan Only 
In this mode, the fans in the back-up system can be used to circulate air in 
the building while bypassing storage and providing some outside fresh air via 
the make-up air inlet. 

Excess Heat Relief' 
In this mode of' operation, Dampers B, C and D open to allow cool outside air 
come into the collector array at the bottom and exit out the top. This will 
occur when T col~ 185°F. The Valmont collectors are designed to withstand 
stagnation temperatures exceeding 4000F, but the :free air convection cooling 
process used here will serve to lengthen system and building life. 

SYSTEM INSTALLATION/START UP 

System installation went quite well, thanks to a good installation manual and 
training provided by the manufacturer. Exceptions having to do with the fact· 
that we had some re-work to do because installation had originally started 
with intentions of' using a solar system provided by a different manufacturer 
are covered in the problems section. 

Collector installation procedures provided by Valmont require that the 
collector wall (or roof' in the case of' a roof' installation), be sealed air 
tight prior to installing anything on that surface. This is accomplished by 
caulking all cracks and joints with a silicone caulk. Likewise, all joints 
in the collect.or array are caulked and sealed; then before glazing is 
installed the whole coilect.or plenum between the wall and the collector 
absorber plate is pressurized with a small fan. All of' the joints are 
sprayed with a water/soap solution to enable locating any leaks in the 
system. 

! . 
Air leaks cause bubbles to appear at their location when the water/soap 
solution is sprayed over them. Once located, these leaks are sealed using 
a 400°F silicone caUlk. By minimizing air leaks, energy loss is reduced, 
thus making the system more efficient. 

The collector installation is completed by installing the glazing and the 
trim. Silicone Caulk is applied to the perimeter trim/glass interface of' 
each collect.or. 

At initial start up and test, the air flow into and out of' the entire 
collect·or array is balanced. This is accomplished by obtaining an average 
velocfty for each inlet/outlet port. Balancing dampers at each port are 
then adjusted and the procedure is repeated until flows are within 10% of 
each other. Fan speed is then adjusted if necessary to provide the design 
f'low of' 3 CFM per sq. ft. of' collector • 

. Storage installation went very smoothly and quickly. The 20 lb containers of 
the salt hydrate PCM are self-stacking and easy to handle. Flexible metal 
air dams are installed at the top of each stack to prevent air from 
·bypassing the containers as they settle during the first few phase changes. 
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Air flow across the container array was checked.at start up and found to be 
quite uniform. During initial testing, it was found that typ;i.ca1ly there was 
a 40°F temperature drop across the storage during the collect and store mode. 
As the storage went through the phase change, the outlet temperature stayed 
near 90°F until most of the containers of Salt hydrate had phase changed. 
Then, the temperature began to rise as in a s.torage system which uses 
sensible heat storage. 

PROBLEMS AND SOLUTIONS 

During the final design review and initial installation several problems 
surfaced with the product originally specified. The nature of these problems 
was such that it was determined that if the project were to continue with 
that product the project would not meet the goals of the demonstration · 
program. In order to meet these goals, another product by the manufacturer 
herein was specified. 

Collectors 
The original collector specified incorporated a wood frame, to which a metal 
absorber plate was fastened. Commercial building codes require that wood 
materials not be in contact with metal if the metal can reach temperatures 
of over 150°F. The local building inspector would allow this coll"ecto:r if 
the wood material were fireproofed. The collector manufactUrer was not able 
to provide a fireproof collector jamb, therefore another collector was 
dictated. 

A more serious problem-is that of the thermal expansion of the absorber plate 
as compared to that of the wood frame. ·various humidity and temperature 
conditions can cause serious buckling of the absorber plate and eventual 
separation from the wood frame, shortening the collector life. 

The co1lect.or wall was framed to accomodate the original system and required 
rework in order to install the new system. 

The co1lect.or used, manufactured by Valmont Energy Systems, Inc. was able to 
meet all building codes without difficulty. In addition superior performance 
is projected with this collector. 

Phase Change Storage 
Probably the most unique thing about this project is that it·uses a phase 
change thermal storage system. Although many have attempted to use these 
salts over the years, most have run into problems with stratification, where 
the latent heat storage capacity drops to about .55% of its theoretical 
capacity. A preliminary (July 1978) test report by the National Bureau of 
Standards indicates that the storage system originally specified stratifies 
within four phase changes. (3) 

Personal experience at the time of the final design review with the previously 
specified phase change storage system provided evidence of stratification as 
well. In addition to the stratification problem, failures in container seals 
and defects in containers as molded has resulted in leakage of the salt 
mixture from containers, especially while in liquid form in as many as 25% 
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of the containers in a given storage system. In addition the manufactlirer 
had not provided replacements under their warranty program. 

The Salt-hydrate eutectic selected to replace that which was originally 
specffied uses a method to overcome stratification (2) which also greatly 
reduces the possibility of leakage due to defective containers by the nature 
of the encrusted-conglomerate structure which provides a semi-weight bearing 
substructUre. 

Control System 
Optimal control of the solar system through all modes of collection, storage 
and distribution is a major problem. Many controls are.available and all 
functions desired can be implemented with "off the shelf" components. A 
control system that can provide all the control options necessary with much 
less cost and complexity is needed. The optimal control system will also 
provide all the interface control with the conventional backup system. 

The control system for this project became much more complex when the 
building owner changed to a multi-zone system, for which no funds were 
budgeted or provided. 

Control coordination between the backup heating/cooling system and the solar 
system has been a problem. Indications are that the "Design-Build" approach 
applied to the entire solar and backup heating/cooling system would eliminate 
this problem. 

CONCLUSION 
The trials of re-design, re-work and installation of the solar system in The 
Solar Way building have been quite educational, although not profitable. 

The performance of the system to date cannot be determined since· all functions 
are just coming on line. Tests made on the phase change storage are 
impressive. The system promises to yield excellent results in the heating 
seasons ahead. Since this demonstration project is the first of it's kind 
to use a phase change storage system, performance results will be of interest 
to all who design, install and use solar systems in the future. 
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The Woodlands Solar Project 

Dale Sartor 

Key Word Abstract 

Application: 
System type: 
Collector type: 
Collector manufacturer: 
Collector area: 
Storage capacity: 
BTU 1 s produced: 
Building owner: 

Architect/Engineer/ 
Construction manager: 

Contractor: 

Domestic hot water and pool heating 
Active hydronic 
Liquid flat plate 
Solar Energy Products I Inc. 
10 I 260 square feet (aperture) 
10 I 050-gallon lined steel tanks 
2 I 5 00 million BTU 1 s per year 
Woodlands Commercial Development Co. 
2 2 0 1 Timberloch Place 
The Woodlands I TX 77380 

Interactive Resources I Inc. 
117 Park Place 
Point Richmond, CA 94801 
Solar Systems of America 
1644 Gessner 
Houston, TX 77080 
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Typical guest cluster and collector array in foreground; confere nce cent:r in backarounc. 



The Woorllr~nrls Solnr Pr~jP.ct 

Introduction 

The Woodlands Inn is located in the first village of The Woodlands, 
a 20, 000-acre new town being developed 25 miles north of Houston, Texas, 
by a subsidiary of the Mitchell Energy and Development Corporation, 
assisted by the New Communities Division of the U. S. Department of 
Housing and Urban Development. The Woodlands is a master-planned 
community which opened its first village to the public in the fall of 197 4. 

The Woodlands Inn is an executive conference center designed to 
provide a more effective learning environment for business meetings and 
conferences. The Inn responds to a growing need for more efficient facilities 
for training, planning, information dissemination and problem- solving 
meetings. 

Facilities at The Woodlands Inn include: the guest house and 13 guest 
clusters with a total.of 242 units and 532 beds; the conference center with · 
meeting rooms, dining rooms, kitchens, game room, bars, indoor tennis 
courts and health studios; the wharf (a shopping mall) including additional 
meeting rooms, dining rooms, kitchens, shops and an indoor ice rink; and 
the aquatic center with three outdoor pools, one indoo_r pool and a gymnasium. 

A study was made to determine the technical and economic feasibility of 
solar utilization for domestic water and swimming pool heating at The Wood­
lands Inn. Solar heating of the outdoor swimming pools was determined not 
feasible because heat is necessary only a few months of the year (when the 
sun shines the least) and the bac)<-up heat is provided by natural gas (less 
expensive than electricity). 

Cost- sharing proposals were submitted to ERDA (now DOE) under a 
special hotel/motel solar demonstration program. The proposals included 
schematic system designs including selection of key solar components 1 

detailed cost estimates, and computer-assisted thermal and economic analyses. 
Government funding was provided to demonstrate the practicability of solar 
energy utilization to the American public and to help lay a foundation for a 
viable solar industry. 

· Close to 10,000 square feet of flat plate solar collectors will ultimately 
be installed to supply over half the water heating needs for the bathrooms, 
kitchens, spas and indoor swimming pool. The system will save the equiv­
alent of approximately 735,300 kilowatt hours per year at a construction cost 
of $354,000. 
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The Woodlands Solar Project provides a show place for 30,000 annual 
guests to experience solar utilization and see a high quality, aesthetically 
integrated and cost effective solar demonstration. 

In addition, innovative design and construction techniques used in 
The Woodlands Solar Project will help to advance the state of the art in the 
commercial solar industry. 

Construction Status 

The first phase of construction for The Woodlands Solar Project has 
been completed. The systems on 12 guest clusters now provide hot water 
supplemented by the existing electric water heaters. Construction is 
underway on the guest house (additional living quarters) and the Inn itself 
where hot water is primarily used in the health spa and restaurants. 
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the woodlands inn solar heating proposal 
~(-s-i-te--p-la-n--------------------------------~~~) 



Design Philosophy 

The project was divided into three phases and subdivided into six construc­
tion bid packages. Work started on the smaller repetitive systems and progressec.. 
to the larger, more complex ones. 

Guest Clusters 

Twelve guest clusters (at first glance, identical) were utilizing one or two 
250-gallon electrical water heaters. The solar design involved the retrofit of 360 
square feet of flat plate collectors on e9-ch unit. Single-glazed panels were chosen 
due to the low operating temperatures. The size was optimized for cost effective­
ness; therefore, the solar fraction (solar contribution) is low. For aesthetic reasons 
the collectors were mounted parallel to the roof (16° tilt)-not a major penalty in 
this southern location. The variation of annual performance from the best to the 
worst orientation (azimuth up to 90° from south) was estimated by computer 
analysis at only five percentage points. Several collector mounting schemes were 
developed for the existiifg shake roofs. Developing an inexpensive, structurally 
sound, leak-proof mounting system that allows for construction irregularities, 
e.g., warped roofs, proved to be the most time-consuming (and costly) design 
detail. The ultimate scheme involves Unistrut members running horizontally 
several inches above the roof. 

In units where two 250-gallon electric water heaters existed, one was 
converted to solar storage and replumbed as a preheater. In the other units, 
where space allowed, 450 gallons of storage were added; otherwise, ·325 gallons 

- were added • 

Guest House 

The guest house, a large, motel-like building, is serviced with a single 
750-gallon electric water heater. The solar design involves the retrofitting of 
840 square feet of flat plate collectors mounted on the flat built-up roof and a 
new 750-gallon hot water storage tank located adjacent to the existing heater. 
A sump tank for the collectors is located on the second floor above the primary 
mechanical room to minimize pump head requirements . 

Conference Center 

. 
The solar system for the conference center is comprised of 1, 620 square 

feet of collector and the utilization of an existing but unused 7 50-gallon water 
heater for storage. Similar to the guest house, sump tanks are located on the 
second floor. 
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Aquatic Center Domestic Hot Water 

The proposed solar project included the retrofitting of l, 200 square feet of 
single-glazed, flat plate collectors. A water meter installed in tbe design devel­
opment phase indicated consumption substantially below estimated. Therefore, 
the system was reduced 50 per cent in size to 600 square feet. In case the load 
dramatically increased, provisions were made for future expansion. Collectors 
will be mounted on the existing shake roof and the sump tank will be located at 
the second floor level. Two 375-gallon (750 total gallons) storage tanks will be. 
installed in parallel adjacent to and in serie.s with the existing electric water heater. 

Aquatic Center Pools 

The solar pool heating system will include the retrofit of 2, 880 square feet 
of unglazed absorber plates and an additional 5 HP pump. The collectors will be 
mounted above the indoor pool. Although provisions will be made for manually 
switching operation to the outdoor pools, its primary use will be for the indoor 
pool. Originally, the collectors were to be mounted on the shallow western 
exposure; but excessive shading due to tall trees led to the location being shifted 
on to the eastern exposure. In hind sight this is probably better due to a more 
substantial morning load (generally, tl:e heaters come on in the morning}. 

All solar systems are technically simple and straightforward. Components 
were selected and sized to yield the best return per dollar invested. This included 
extensive thermal and economic analyses of different collector combinations. 

System Descriptions 

Domestic Hot Water 

Solar Collector Loop. When a differential thermostat senses that the 
temperature in the collectors is wa_rmer than at the bottom of the storage tank, 
it activates the pumps which circulate water between the collector and the heat 
exchanger and between the storage tank and the heat exchanger. When the pumps 
are off, the collectors drain and the sump tank is full. The level can be checked 
at the site gauge. When the pumps are on, water is drawn from the suptp tank to 
fill the collectors. To facilitate rapid draining, an air vent line is run -from the 
top bf the sump tank to the top of the collector array. The collector loop is 
"closed" with a fixed amount of water and air. An optional low level switch 
will automatically turn off the pump and sound an alarm if the water level in the 
sump tank drops to an unacceptable level, 1. e. , if there is a leak. 
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Domestic Water Loop and Solar Storage. Simultaneous with the collector 
loop pump a second pump is activated to circulate water between the bottom of 
the domestic water solar storage tank and the heat exchanger. Water is drawn 
from the bottom of the tank and returned to a midpoint. Thus heat is stored in 
water contained in a pressurized steel tank (lined). 

Domestic Hot Water Distribution. As a hot water load occurs I water is 
drawn from the top of the back-up heater which is made up by water drawn from 
the top of the solar storage tank. An optional tempering or mixing valve reduces 
the chances of scalding and reduces the. system's heat losses. 

Swimming Pool Heating 

When a differential thermostat senses that the temperature of the collector 
is warmer than the pool I it activates a pump which circulates water between the 
two. A vacuum breaker allows the collectors to drain when the differential thermo­
stat turns off the pump. A check valve prevents draining water from back-washing 
the filter. An upper maximum thermostat prevents overheating of the pool by 

' shutting off the pump at a set temperature. Energy is stored in the pool itself 
by allowing the· water temperature to fluctuate several degrees. 

Innovative Design 

The Woodlands Solar Project is the first large- scale commercial application 
of a solar water heating system utilizing a low-pressure drain-back collector 
loop coupled to the domestic hot water with a single wall heat exchanger. This 
system is more efficient 1 less expensive 1 more reliable and will require less 
maintenance than other system configurations. 

Originally the Woodlands was designed with a direct/open loop system. That 
is one in which the domestic water flows directly through the collectors. Freeze 
protection in the warm gulf climate was accomplished by circulating (pumping) 
water through the collectors during freezes and opening a by.pass valve during a 
power failure. This system design was re-evaluated once it was determined that 
the water quality was unacceptable. and would foul the collectors rapidly. Various 
alternatives were considered including water treatment I but ultimately a closed 
system where the collector fluid is separated from the domestic water by a heat 
exchanger was selected.-

Normally 1 anti-freezes are used in closed loop systems to prevent collector 
freeze-ups 1 but they generally require (by code) a double-walled heat exchanger 
to prevent contamination of the domestic water. These fluids are also generally 
more costly 1 more difficult to work with 1 and must be periodically replaced 
and/or maintained. 
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If the collector array is designed to drain and its contents can collect in a 
sump tank during non-collection hours, plain water can be used, increasing the 
thermal transfer capabilities and allowing for a more .efficient and less costly 
single-walled heat exchanger. This was the system chosen for The Woodlands. 

No mechanical or electrical controls are used for freeze protection, elim­
inating potential failures and maintenance requirements. Freezes coupled with 
power failures and/or accidential turning off of key components do not endanger 
the system. The probJems associated with anti-freezes-e.g., cost, ease of 
handling 1 poor thermal transfer qualities, increased viscosity, potential damage 
to other building materials (some re-act to roofing materials), potential toxicity 
and required maintenance- are eliminated. Simplicity of the system, especially 
in the controls 1 is a major advantage of this system and its long-term accep­
tability. 

The major disadvantage to this type of drain-back solar system design is the 
extra pump requirement to push the water from the sump tank level to the top of 
the collectors. Unlike a "full" system where the pump requirements only need 
to overcome friction, the potential requirement in this system is much greater. 
To minimize this additional static load on the pump the difference in sump tank 
level and the top of the collector should be minimized while still allowing for 
complete draining of the collectors and all plumbing exposed to freezing condi­
tions. In several instances at The Woodlands Solar Project, the sump tank was 
located at the second floor level to minimize this requirement. 

Other Innovative or Successful Design Details 

Manifolds. Prefabricated manifolds utilizing Hydroflex flexible bronze 
tubing welded into tees pulled from the headers (no fittings) and Swagelok quick 
connectors for ultimate connection to the collectors, were chosen by the contrac-. . . ' 
tor. Pulling tees from the header saved considerable time in cutting pipe and 
welding in the fitting 1 and saved the fittings themselves. The use of flexible 
bronze tubing allowed for construction irregularities and ultimate expansion and 
contraction of the system. Quick connectors provided rapid installation of the 
manifolds minimizing labor on the roof. No flame (torch) was required on the 
roof-an important consideration with dry shakes. 

Instrumentation. Extensive use of. test plugs, a minimum of 10 on each 
system, has allowed for complete system analysis and de-bugging. In the future 
these temperature and pressure test points will help in maintenance and trouble­
shooting. Thermo wells for accurate temperature readings combined with flow 
sensing elements are permanently installed and can be used with portable 
meters for accurate determination of instantaneous performance. As simple and 
inexpensive as these provisions are, it is surprising that most solar systems 
do not include them. 
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Fabrication of manifolds using T-puller and flex pipe . 
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Prefabricated manifolds. 

542 



Typical installation of prefabricated manifolds. 
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Detail of collector connection before insulating and flashing . 



Conctruction Manaqement on Solar Installation* 

A Although the trade skills required to install solar systems are generally 
-=ommon, the process is not second nature to most tradesmen and the potential 

for mistakes and lost time is great. Most contractors are faced with putting 
together a package using products and construction sequences with which they 
are not totally familiar . Considerably more supervision is required and additional 
time must be spent locating materials not yet common in the light commercial/ 
residential construction industry. Construction mistakes that require reworking 
of major components often involving several trades are not uncommon. Careful 
review of the contract documents, plans and specifications is necessary 
throughout the job. Realizing these costs and/or potential problems, contractors' 
bids are often above engineers' estimates on solar projects. 

Construction management techniques are particularly successful in mitigating 
the high cost and potential problems associated with solar projects . Major cost 
items such as collectors can be prepurchased by the owner allowing for competitive 
purchasing and reduced contractor overhead . Additional specialty components and 
l ong-lead items can also be owner-purchased . Contract packages broken down by 
trade can be bid separately allowing the construction manager to discuss des ign 
details with each trade contractor reducing the fear factor and allowing for 
constructive criticism. During construction the owner is continually represented 
and the work monitored. Problems are caught early, saving time, money and 
potential litigation. 

The benefits to construction management were enhanced at The Woodlands 
Solar Proj ect where the construction manager was al so responsible for the design. 
Intimate understanding of the design and its rationale assured the maximum 
quality control and allowed for the most flexibility. The design was continually 
reviewed and revised to reflect new ideas and lessons l earned. This was 
especially appropriate in this case where 12 separate systems have been installed 
and four more are on the way. The general contractor, Solar Systems of America, 
was the low bidder in all three phases. Their experience and long-term interest 
in solar utilization helped toward the project's success . Contractor cooperation 
and flexibility were key factors in the successful implementation. 

*Construction management has been developed as an alternative to the traditional 
building process. Construction management seeks to save the owner time and 
cost primarily through better activity coordination and project management . The 
construction manager is retained by the owner to manage hi s project from start to 
finish . As his agent, the construction manager implements the project for him. 
Often the same subcontractors who would build it in the traditional contract 
structure do so under construction management, only they are dealt with direct ly­
not through a general contractor. The owner pays a fee for the CM services, 
which is offset by his not having to pay a general contractor's overhead and 
profit . 
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Cost Control 

Cost overruns and w ide variat ions in bids are common in solar installations. 
The design/construction management firm, Interactive Resources I Inc., was 
particularly successful in controlling costs of this project in light of required 
design changes that increased the system cost, i.e ., conversion from an open 
to a closed loop. System costs have been experienced twice as high in projects 
designed by the same firm I but where construction management was not provided. 
During the first round of bidding in this project, the price range was substantial, 
the lowest bidder being less than half of the highest (over a dozen bids were 
reeeived). 

Construction costs for the first phase (12 guest cl usters) were seven per 
cent over the budget . Prices for the subsequent two phases came in under the 
budget such that the total project came within the total budget. Unfortunately, 
due to the two separate DOE grants, the money could not be intermixed . Costs 
for the Inn (Phase I and II) exceeded the DOE budget by approximately $3 I 000 
or a little over one per cent. Subsequently the atypical guest lodge, cluster 
BB, was dropped from the project reducing the costs approximately $12 I 000. 
Costs for the aquatic center (Phase III) have come in below the budget. 

546 



The Woodlands Solar Project 

COST SUMMARY 

Design/testing 
Construction management 
Owner purchases 

Collectors 
Other 

Contracted material and labor 

$78,611 
17,049 

Phase I (12 clusters) $71,710 
Phase II (inn and guest house) 40,561 

$27,100 
18,000 

95,660 

112,271 
$253,031 

Aquatic Center 

Design/testing 
Construction management 
Owner purchases 

Collectors 
Other 

Contracted material and labor 

$22,697 
3,700 

$13,700 
6,600 

26,397 
30,298 

76,995 

Total $330,026 

Budget* $354,039 

*Note: One cluster (BB) was eliminated and the collector area on the 
Aquati ~ Center reduced for a total reduction in collector area 
of 8. 5 per cent (which is the primary rea son for the costs below 
budget) . 
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Testing 

A comprehensive acceptance test and on-site collector performance test 
was developed and is being implemented by the designer/construction manage­
ment firm who anticipate a growing demand by owners and engineers for inde­
pendent system/component performance certification as the solar industry 
develops. Generally 1 existing testing programs fall into two categories: 
(1.) next to nothing I and (2 .) sophisticated data acquisition systems costing 
as much as the solar systems themselves. The need for an inexpensive yet 
accurate and comprehensive testing program is desirable not only from the 
standpoint of assuring tee owner of anticipated performance but also for use 
in start-up I balancing and debugging and in the future for maintenance and 
servicing. 

The instrumentation system developed for the Woodlands Solar Project was 
designed to allow for a broad range of tests with a minimum of permanently 
installed equipment. Expensive components such as the pyranometer and 
integrator used for solar measurements and the manometer used for flow 
measurements were portable and used to test all the systems. A test unit pro­
vided by the controller manufacturer was used by the construction manager 
(responsible for all testing) to check and calibrate the automatic control systems. 
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Pyranometer measures sunlight falling on collector , 
used to determine performance . 
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Thermal Analysis 

Computer Simulation 

Solar performance calculations were performed and economic optimizations 
made using FCHART 1 a computer simulation program developed by the University 
of Wisconsin. Of course I any computer program is only as good as the infor­
mation fed into it. 

Graphic Summary 

Figures 4 1 5 and 6 illustrate the relationships between load (heat required) I 

incident solar (energy received by the collector) 1 and useful solar (solar energy 
delivered to load-accounting for system efficiency) . 

Water Meters Installed 

One variable that is extremely important is the load; in this case I the amount 
of hot water used and at what temperature. Estimates were made on the number 
and duration of showers for the guest housing I aquatic center and health studio I 
and for the number of dishwasher cycles in the conference center and wharf . 
Water meters were subsequently installed at four locations to confirm the esti­
mates. Following the collection of metered data 1 the size and/or configuration 
of several systems were adjusted accordingly. No additional computer runs were 
made . The total collector area was reduced 8 . 5 per cent and a corre spending 
reduction in output is expected . 

Originally the conference center solar system was to be tied into the wharf­
an adjacent building- but water meters were installed in the design development 
phase and consumption measured in the conference center was considerably 
higher than the anticipated combined load. Therefore I adding the load created 
by the wharf was not justified due to the budgetary limitations on the solar 
system's size. No more energy would be produced or saved by the solar system 
if the wharf' s load were added since the system would only be providing a small 
percentage of the conference center• s requirements. 

In the aquatic center I domestic hot water consumption was so far below 
original estimates that 600 square feet {half the collectnr area) was cut-still 
allowing for considerable growth in consumption . 
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water): 451.3 x 106 BTU 
incident solar: 67.9.5 x 106 BTU 
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With the elimination of 360 square feet of collector on Cluster BB and the 
duction of 600 square feet of collector on the aquatic center (domestic hot water 

system) 1 the total collector area was reduced 8. S per cent and a corresponding 
reduction in output is expected. No additional computer runs were made. 

Aquatic Center 

Figure 6 illustrates the aquatic center indoor pool heating and includes a 
graph of the total load for all the pools 1 indoor and out. Unlike the indoor pool, 
which has a year 'round load due to the air conditioning, the outdoor pools have 

.a seasonal load. Unfortunately, the incident solar drops to 29,047 BTU/sq.ft. 
in January from a high of 65,637 BTU/sq.ft. in July and the collector efficiency 
drops to a low of 22.2 per cent from a high of 63.5 per cent in August. There­
fore I very little solar energy is available in the winter (6 ;440 BTU/sq. ft. in 
January) to offset the enormous heat requirements. Over six times this energy 
is _available in the summer when the load is also considerably lower. Adding 
collector area would supply a greater per cent of the load. in the winter 1 but 
would not be cost effective considering that it would not be ·used for most .of 
the year. Already 1 the system's capacity is greater than the load for four to five 
months per year. 
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THE WOODLANDS BOLAR PROJECT 
Status Report: May 15, 1979 
Economic Considerations 

Collector Unit Output 
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Although during recent tests I have experienced outputs close 
to twice as much, original engineering estimates indicate an 
average system performance of 685 BTU's per square foot of 
collector area per day. This estimate was based on a computer 
analysis using independent collector test data and long term 
weather information. 

Solar System Output 

Once completed the solar water heating systems will comprise 
of close to 10,000 square feet of collector area producing 
and/or saving an estimated 2,500 million BTU's per year. 

Utility Savings 

Generally electricity is used for water heating at the Inn. 
The solar heating systems will save the equivalent of approx­
imately 735,300 kilowatt hours (KWH) per year. At various 
meters, the Inn is currently paying between 3 and 4 .. 6 cents 
per KWH. ·Assuming 4¢/KWH, the first year's savings will be 
$29,400. In addition the owner will qualify for the newly 
enacted 10% federal solar tax credit amounting to $35,400, 
for a combined savings of $64,800 in the first year. 

Fixed Cost 

once a solar system is installed it fixes the cost of the 
energy it produces. In other words, the cost of solar heat­
ing will not rise as the cost of electricity an~ the fuels 
used to produce it escalate (skyrocket). Assum1n~ that the 
value of the money used to install the sola~ he~t1ng.system 
is 10% per year then the cost of solar heat1ng. 1n th1~ case 
is $35,400* for the equivalent of 735,300 KWH. The f1~ed cost. 
of so.lar produced energy is therefore 4. 8¢ per ~WH 7qu1va~ent. 
solar utilization is a hedge against utility pr1ce 1nflat1on. 

*Due to a government grant the owners cost would.actually be 
one-half or $17,700 per year and 2.4¢ per KWH equ1valent. 
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THE WOODLANDS SOLAR PROJECT 

In addition to.~educe the owner's tax liability the solar sys­
tem cari be depreciated and the interest (if financed) is tax 
deductible. 

EQUIVALENT GAS 

When high concentration energy sources are used to heat water 
(under 180°F) less of those sources are avail~ble for industry 
and transportation. Solar utilization will reduce the demand 
for and shortages of gas and oil and/or will reduce our import 
requirements. Assuming a. 40% conversion .. and. delivery efficiency, 
the Woodlands Solar Project will save the equivalent of approxi­
mately 62,500 gallons of gasoline per year. In addition, solar 
installations stimulate the local economy by providing construc­
tion, manufacturing and rel~ted jobs and minimize economically 
devastating importation of foreign oil. 

'. ,. 
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Stanford University Central Food Services Building 
Solar Space and Domestic Hot Water Heating System 

Charles L. Beavers I AlA 1 Interactive Resources 1 Inc::. 

KEY WORD ABSTRACT 

Application: Domestic hot water and space heating 
System type: Active hydronic 
Collector type: Flat plate 1 liquid I single-glazed 
Collector manufacturer: Solar Energy Products 1 Inc. 
Collector area: 840 square feet {aperture) 
Storage capacity: 1,550 gallons 1 steel tanks 
Bui:lding load: 203 x 106 BTU/year 
BTU's produced: 142 x 106 BTU/year 
Building owner: The Leland Stanford Junior University 

Construction and Engineering Office 
'T'hP. Olrl Pnv; linn 
Stanford I CA 94305 

Solar system designer: Interactive Resources 1 Inc. 
117 Park Place · 
Point Richmond 1 CA 94801 

Contractor: Redwood Mechanical 
1590 Tacoma Way 
Redwood City 1 CA 94063 

INTRODUCTION 

The Stanford University Central Food Services Building is located on the 
Stanford campus approximately 30 miles south of San Francisco. It is a single­
story building with flat roofs. It is used for food preparation and storage and 
includes administrative offices. 

The building was previously fed by a steam main from Stanford's central steam 
plant located about two miles away. Over the years I significant deterioration 
occurred in this line 1 resulting in wasteful heat losses. Stanford terminated steam 
service to the building and replaced it with a solar system and gas-fired backup. 

A cost:asharing proposal for construction of the solar system was submitted 
to ERDA (now DOE) under Cycle 2 of the Commercial Solar Heating and Cooling 
Demonstration Program in November, 1976. Funding was awarded in 1977. 
Construction bids were received in March, 1978, construction began in June, 
1978 1 and was completed in April I 1979 ~ 



PROJECT STATUS 

At the time of this writing, July, 1979, the solar system is operating 
smoothly. In June, a rust problem (not related to the solar system) in the 
backup storage tank forced the shutdown of the backup water heating system. 
Building operations have not been interrupted, however, because the solar 
system and good California weather have provided 100 per cent of the heating 
requirements. 

ENERGY CONSERVATION 

Stanford University has been and continues to be concerned with energy 
conservation. In the Central Food Services Building, the most significant of 
their accomplishments has been the complete abandonment of 87 per cent of the 
original heating system. Three of the original four heating coils have been shut 
down leaving only the offices in the administration wing to be heated. All storage 
and work areas are simply no longer heated. Instead of only turning down the 
thermostats at night, the heating system is turned off 13 to 14 hours a day. 
Furthermore, no heat is used on weekends. These measures save 73 per cent 
of the fuel used if heated for 24 hours, seven days a week. 

The majority of hot water consumed in the building is used in the late afternoon 
to wash down the meat processing area. A pressurized spray system was installed 
that r~duced hot water consumption from nine to 4. 5 gpm. 

Energy conservation-motivated changes have resulted in at least a 60 per 
cent heat use reduc.tion for the Central Food Services Building at Stanford, and 
possibly up to an 80 to 90 per cent reduction. 

RECOMMENDATION: Large amounts of energy can be saved by 
the simplest measures. The savings from turning off equipment when 
unnecessary (sometimes completely), reducing use temperatures, and 
reducing hot water usage, can overshadow the savings from even the 
best solar system. 

SOLAR SYSTEM DESIGN PHILOSOPHY 

The solar system was primarily designed as a hot water heating system witt. 
space heating as a secondary function because hot water (used mainly to wash 
down the meat processing area) comprises an estimated 72 per cent of the bui.ldil1g 
solar load. In the schematic design phase, an open loop system was planned 
using potable water as both the transfer fluid and storage medium. This prevented 
the necessity of heat exchangers which might have reduced efficiencies and 
increased costs~ 
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Collectors viewed from the east . 



In a response to their experiences with previous installations, designed 
by themselves and by others, the solar system designer, Interactive Resources, 
Inc., completely reevaluated the system design during the final design stages, 
primarily in an effort to arrive at a totally satisfactory freeze protection system. 
Even though the mild climate of northern California offered only an average of 
three or four freezes a year, none of the freeze protection systems for open loop 
systems (pump cycling, thermic drains, drain out and drain back systems using 
electronic valves, and combinations) were determined to be satisfactory. 

An antifreeze system was then considered, but offered several disadvantages 
including the necessity (by code) for a double-wall heat exchanger (additional 
cost and reduced efficiency) and the additional maintenance costs required for 
replacing and closely monitoring the transfer fluid. 

In an effort to combine the advantages but eliminate the difficulties of 
these systems, a completely revised collector loop design was developed which 
combined the dependability of gravity drain-back freeze protection with low 
maintenance, minimal costs and I of prime importance, simplicity . 

This closed-loop drain-back system uses no mechanical or electrical controls 
for freeze protection, eliminating potential failures and maintenance requirements . 
Freezes coupled with power failures and/or accidental turning off of key components 
do not endanger the system. The problems associated with antifreezes (e.g., 
cost, ease of handling 1 poor thermal transfer qualities 1 increased viscosity, 
potential damage to other building materials [some react to roofing materials] 1 

'potential toxicity and required maintenance) are eliminated . If the collector array 
is designed to drain and its contents can be stored in a sump tank during non­
collection hours 1 plain water can be used, increasing the thermal transfer capa­
bilities and allowing for a more efficient and less costly single-wall heat exchanger. 
Simplicity of the system 1 especially in the controls, is a major advantage of this 
system. 

RECOMMENDATION: The closed-loop drain-back system offers 
many advantages over other domestic hot water collector loops, 
including the dependability of gravity drain-back freeze protection, 
low maintenance, minimal costs and simplicity . 

SOLAR SYSTEM OPERATION DESCRIPTION 

The solar heating system on the Central Food Services Building provides 
space heating and domestic hot water heating . Of the total energy supplied by 
the system, approximately two-thirds is used to offset the year round domestic 
hot water heating load, while approximately one-third is used to offset the 
seasonal space heating load. 

560 



Sai.AF-> 
COLLE.C:rv~ 
(~40 ;&, Fr.) . 

•· 

H~T ~1\Nf::teP, 
HE-~. ----

lbdF-~~~:J ~~-LJP . !all.-Ef> 

FLOW 
?WI~ 
AI~ 'VENT 
L..II-JE 

COLP 
~A.TI::~ 

SOL~P.1 SYSTE.H sc·HE.H"Tiv 



Collector-to-Heat Exchanger Loop 

Enei-gy in the form of heat is transferred from the solar collectors to a heat 
exchanger HE-1 via a closed drain-back loop. This loop includes the solar 
collectors, the sump tank (120 gallons), a pump, and heat exchanger HE-1. 
This loop uses normal untreated tap water as the transfer medium. 

The collector-to-heat exchanger loop is a closed loop containing water and 
air.. Neither water nor air enters or exits the loop unless done so manually. 
With the pump off, the water level is flush with the top of the sump tank. All 
the piping above this level contains air. 

When the pump is turned on, water is circulated from the sump tank, through the 
'heat exchanger, up through the collectors and back to the sump tank. Air is forced 
from the collectors into the sump tank. The water level in the sump tank will drop 
to around 1/4 full. 

When the pump is turned off, the weight of the water creates a suction at 
the top of the system. The check valve to the air vent line opens allowing air to 
flow from the sump tank through the air vent displacing water in the collectors and 
manifolds, thereby draining all the water from the collectors into the sump tank. 

Heat Exchanger-to-Solar Storage Tank Loop 

The solar storage tank contains potable water and feeds the supply side of 
the backup hot water storage tank. Water in this tank is circulated through the 
heat exchanger HE-1 and returned to the tank. This completes the transfer of 
heat from the collectors to the solar storage tank. 

The pump in the collector-to-heat exchanger loop and the pump in the heat 
exchanger-to- solar storage tank loop operate together. They are controlled by a 
differential thermostat. This controller compares the temperature in the collector 
with the temperature at the ·bottom of the solar storage tank. When the collector 
is 2 0°F warmer than the solar storage tank, the pumps are turned on. ·When the 
collector temperature drops to only 3°F warmer than the solar storage tank, the 
pumps are turned off. 

Solar Space Heating Loop 

Solar-heated water is stored in the solar storage tank. Water in this tank 
is used to pre-heat the return water in the backup space heating loop. This is 
done through heat exchanger HE- 2 • 
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When a differential thermostat senses that the· temperature in the solar 
storage tank is 8°F warmer than the return water in the backup space heating 
loop, the solar space heating loop pump is turned on. The pump is interlocked 
with a flow switch in the backup heating loop. The pump -will come on only if 
there is flow in the backup heating loop. When the storage tank temperature 
is only 3or warm~r than the return water in the backup heating loop I the pump 
is turned off. A gas-fired boiler adds heat to the backup loop, if required 1 but 
only after passing through the solar heat exchanger. 

Tank-to-Tank Loop 

The solar storage tank serves as a pre-heat tank to the backup hot water 
storage tank. When hot water is used in the building, it is drawn from the top 
of the backup hot water storage tank. Makeup water to this tank comes from the 
solar storage tank. Cold water makeup enters at the bottom of the solar storage 
tank. Backup heat is supplied to the backup storage tank by a gas-fired boiler, 
if required. 

When the solar storage tank temperature is greater than the temperature in 
the backup storage tank, water is exchanged between tanks via the tank-to-tank 
loop. This increases the solar storage capacity during periods of high solar input 
and/or low loads. 

When a differential thermostat senses that the solar storage tank- is 1 0°F 
warmer than the backup hot water storage tank, the tank-to-tank loop pump is 
turned on. When the solar storage tank is only 3°F warmer, the pump is turned 
off. 

RECOMMENDATION: By installing a loop between the solar 
storage tank and the backup storage tank, the backup tank can be 
used for solar storage {when the solar tank temperature exceeds the 
backup tank set temperature} during periods of high solar input and/or 
low loads, when storage is most needed. 

THERMAL ANALYSIS 

Solar performance calculations were done using a computer design program 
(FCHART} developed by the University of Wisconsin. FCHART is an interactive 
computer program used to calculate the thermal performance of solar space heating 
and domestic hot water heating systems. A general design procedure was developed 
at the University of Wisconsin from information gained from a simulation model 
capable of e$timating the long-term thermal performance of solar heating systems 
based on the system design parameters, heating loads and weather. Solar and 
weather data for the calculations were taken from the California Solar Data Manual 
written by the Eaergy and Environmental Division of the Lawrence Berkeley 
Laboratory. 
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January 
February 
March 
April 
May 
June 
July* 
August* 
September* -
October 
November 
December 

Total 

Stanford University 
Central Food Services Building 

SOLAR SYSTEM THERMAL PERFORMANCE 

Space Heatin~ Load Water Heating Load Total Load 
(BTU X 10 ) (BTU X 106) (BTU X 106) 

10.4 11.5 21.9 
7.8 13.6 21.4 
6.7 13.6 20.3 
4.6 15.4 20.0 
3.0 13.8 16.8 
1.1 11.9 13.0 

.7 9.8 10.5 

.6 9.1 9.7 
1.0 4.8 5.8 
2.8 11.6 14.4 
6.2 12.7 18.9 
9.6 12.0 21.6 

54.5 139.8 194.3 

*Summer break occurs in July, August and September. 

Solar Used Percentage 
(BTU X 106) Solar 

9.5 43.3 
12.1 56.4 
14.1 69.5 
15.7 78.4 
15.0 89.2 
12.5 95.9 
10.5 100.0 
9.7 100.0 
5.8 100.0 

12.3 85.2 
10.3 54.6 
9.8 45.4 

137.3 70.6 



Mechanical room: Sol"' storage tank on left, sum;:> tank in center, 
heat exchangers on right . 



Mechanical rcom: Heat exchangers mounted on wall . 



COLLECTOR SELECTION 

e The FCHART comput er program allows the introduction of specific collector 
performance parameters (¥-intercept and slope based on independent tests} into 
the calculations. This ..,erformance ann lysis was coupled with the FCHART 
economic analysis to determine the best BTU-per-dollar value among selected 
collectors . Using collector test data together with vendor quotes , many different 
collectors were analyzed to compare their performance and price on this specific 
project with its particular weather, load and temperature characteri s tics. Some 
costs, such as varying costs for supports and manifolding, had to be estimated, 
and some judgments, such as quality of construction and durability, were a 
necessary part of the evaluation not shown in the FCHART analysis. These 
judgments, it turned out, reinforced the results of the computer simulation which 
showed the Solar Energy Products , Inc . , collector producing the most BTU ' s per 
dollar. 

The solar system was, therefore, designed around this collector . Several 
other collectors were also acceptable and actually bid (including Revere and 
Sllnworks) but the system was installed by the low bidder with Solar Energy 
Products, Inc . , collectors. 

RECOMMENDATION: The FCHART computer program can be helpful 
not only in performing thermal and economic analyses, but also in 
making a cost-benefit analysis of alternate collectors on a system- by­
system basis. 

STRUCTURAL SUPPORT PROBLEMS 

During detailed design, it was realized that the collectors were to be 
mounted on a lightweight panelized roof system (common on warehouse and 
storage structures such as this) which was not intended to accept additional 
roof loads . A structural analysis confirmed that the addition of solar collector s 
on the roof would require considerably more structural work (and cost} than had 
originally been anticipated or budgeted. After considering numerous alternate 
schemes, a structural system was finally adopted which consisted of structural 
steel beams and trusses spanning over 20 feet and supported over the column 
points of the building below . 

RECOMMENDATION: A preliminary structural analysis should be 
routinely included in solar feasibility studies so the impact of struc­
tural requirements can be anticipated and budgeted early when the 
feasibility and economics of the project are determined . 
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BIDDING 

Bids were solicited from six contractors I all of whom were experienced 
commercial mechanical contractors (union labor) who had done work for Stanford 
University before. The bids were very close with the three lowest within only 
a few hundred dollars of each other. 

The solar spq.ce heating loop was included in the bid as a deductive alternate. 
In this way 1 the scope and cost of the project could be lowered without substan ... 
tially reducing the energy saving benefits. Stanford decided 1 however 1 that the 
dollar savings were not substantial enough to justify dropping the space heating 
portion of the system and construction proceeded on the entire system as designed. 

COSTS 

Construction costs were originally budgeted during preliminary design at 
$44 I 25 0. During the final design stages 1 however I it became apparent that 
this budget could not be achieved. Some of the reasons were: 

1. Substantial additional costs were required on the collector support 
structure because the existing roof was not able to withstand the extra load 
of the collectors • 

2. A higher quality system was constructed than had originally been 
budgeted~ There were additional costs in converting from an open- to a closed­
loop drain-back system {primarily in the extra cost of a sump tank 1 heat exchanger 
and pump) and higher quality components were used throughout. 

3. Contractor overhead and profits were higher than anticipated. 

ECONOMICS 

With an initial investment of $71 1 304 (the costs of design and construction) 1 

and the present cost of natural gas at $0. 25 per therm I inflated at 15 per cent 
each year (just a reference; your guess is as good as mine) 1 the undiscounted 
fuel savings will equal the initial investment in 22 years. 

The installation of a solar system fixes the cost of energy for years to come. 
If the system performs at its expected level (producing 1 1 3 73 usable therms per 
year and 1 at a 65 per cent natural gas efficiency 1 saving 2 I 112 therms per year) 
for 20 years 1 the equivalent cost of the solar system is $1.68 per therm saved. 
If the system should last 30 years 1 then the cost is $1.12 per therml and at 
40 years 1 $0.84 per therm. 

By comparison 1 if natural gas inflates at 15 per cent a year 1 the 20 year 
average price would be $1 • 2 7 per therm. The 3 0 year average price would be 
$ 3 • 6 1 per therm • 
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Contractor 

A 

Stanford University 
Central Food Services Building 

SUMMARY OF CONSTRUCTION BIDS 

Deductive Alternate 
Base Bid For space Heating Loop 

$641561 $ (2 1 948) 
(Redwood Mechanical-

contract winner) 

B ) 6;41600 (4 1 500) 

c 641900 (51 160) 

D 691686 (3 1 953) 

E 741500 (3 1 000) 

F 781240 (51 133) 
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Stanford University 
Central Food Services Building 

SOLAR SYSTEM PROJECT COST SUMMARY 
(All costs include overhead and profit} 

Collector support structure 
Collectors 

Materials 

$ 

Labor 

21168 
572 

Collector manifold piping 
Storage tank (800 gallons} 
Storage tank insulation . 
Sump tank (120 gallons} 
Pumps 

$121000 
131841 

160 
31500 

200 
634 

11175 
21176 
21945 
11000 

11024"., .... ; . 

Heat exchangers 
Piping arrl valves 
Pipe insulation 
Controls . 
Electrical 
Painting 
Testing and balancing 
Miscellaneous 

Subtotals 

Total base construction contract 

Plus changes during construction: 
Storage tank relocation 

600 
11000 
11000 

40,231 

New collector loop pump (with new heaters 
and relays) 

Miscellaneous piping changes (pressure 
gauge 1 relief valves 1 etc.) 

Total construction cost 
Design costs (not nearly enough} 
Total design and construction costs 
Extra project costs: 

DOE reporting 
Mise. printing and 'postage 
Stanford • s staff costs for coordinating 1 

reviewing and inspecting the project 
(not nearly enough) 

Total project cost 
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11680 
500 
650 
850 
800 

51180 
41760 
11168 
21000 
11258 

600 
1L120 

24L330 

$641561 

$ 997 

711 

535 
2L243 

$661804 
4L500 

$711304 

$51000 
277 

3t000 
8L277 

$791581 



DEBUGGING THE HYDRONICS OF THE CLOSED, DRAIN-BACK COLLECTOR LOOP 

The closed drain-back collector loop contains water and air. During 
non-collection hours, when the pump is off, the water in the collectors drains 
out and down into a sump tank located in the building.· This means that when 
the pump comes· on again, it must pump water to the top of the collectors, 
overcoming the force of gravity. This static head increases as. the distance 
in height increases. 

RECOMMENDATION: To minimize additional static load on the 
pump, the sump tank should be located to minimize the height difference 
between the sump tank water level and the top of the collectors while 
still allowing for complete draining of the collectors and all plumbing 
exposed to freezing conditions. 

Once over the high point, water falling down the pipe creates a negative 
pressure at the top which sucks water coming up the pipe. The theoretical advantage of 
this "syphon return" over an "open drop" system is reduced pump head require-
ments. The pump need only be sized to overcome the static head at a very low 
flow. Once the 11 syphon return 11 has been established, the head loss against 
which the pump operates will only be flow friction losses. 

The sizing of the collector loop pump was based on·this concept as outlined 
in Bell & Gossett• s Solar Design Manual. Unfortunately, this manual and the 
Stanford solar system both contained a basic flaw which precluded the successful 
execution of this concept. 

Once a negative pres sure is established at the top of the loop, a1r 1s 
sucked through the air vent line. (which allows the collectors to drain when the 
pump is off) before water is syphoned up the pipe. A syphon return will never 
occur. 

This problem became apparent on the Stanford solar system when it was found 
that the collect9r loop pump was delivering only half its design flow. A solenoid 
valve could have been installed in the air vent line to allow the syphon to occur, 
but this was rejected since one of the main reasons for going to this system in the 
first place was to eliminate the use of electronic or mechanical valves. (The 
system might not drain if the solenoid valve stuck in closed position.) It was 
necessary, therefore, to replace the original collector loop pump (1/2 HP) with 
a new 3/4 HPpump. 

RECOMMENDATION: The pump in the closed-loop drain-back system 
must be sized to overcome static as well as dynamic head losses. A 
syphon return will not occur unless some method is employed to prevent 
the air vent from breaking the syphon (e.g., a solenoid valve in the air 
vent line). 
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With the new pump installed I it was then discovered that there was a 
negative pressure on the suction side of the pump. This causes the pump to 
cavitate and reduces its life expectancy. The problem was believed to be due 
:o a combination of factors: (1.) The pump was only a few feet below the sump 
.:ank water level (which meant there wasn•t much static head on this powerful 
pum·p to begin with); (2 .) there were undersized fittings to the sump tank (a 
standard tank in a nonstandard use) which created extra flow resistance; 
(3.) a wye strainer before the pump which added resistance; and (4.) several 
90° elbows were located in the line between the sump tank and the pump. 
This was a ne.cessary .result of the layout and also (as discovered in The 
Woodlands Solar Project being constructed at the same time) because the pump 
had to be mounted close to the floor with flow in the vertical direction. 

RECOMMENDATION: The sump tank should be located high 
above the pump to put as much head as possible on the suction side 
of the pump. 

RECOMMENDATION: The pump should be mounted with flow 
in the vertical direction to prevent air pockets from developing over 
night (out of the very aerated water) in the volute of the pump. 

Instead of attempting to reduce the flow resistance between the sump tank 
and the pump 1 the whole closed drain-back loop was-pressurized to put positive 
pressure on the suction side of the pump. A minimum (cold) pressure of 5 psi 
is maintained at the suction point of the pump. 

This increased pressure meant the maximum (hot) pressure would come close 
to the set point (30 psi) of the relief valves located on each bank of collectors. 
The relief valves were I therefore I replaced with 70 psi valves. 

MISTAKES AND OTHER THINGS WHICH SHOULD HAVE BEEN AVOIDED 

Collector Sensor Not Properly Located 

-
When the system design was changed from an open loop to a closed 

drain-back loop, the collector temperature sensor, instead of being relocated, 
was left in the collector manifold. In an open loop system this would have 
worked because water remains in all the piping overnight and the sensor, through 
syphoning and conduction, would have registered collector temperature rise in 
the morning. In the closed drain-back loop, with no water in the pipes in the 
morning, the manifold and the sensor were thermally isolated from the collector 
and early morning temperature rise could not be registered by the controller. 
A new sensor was, therefore, installed directly to the back of the collector 
absorber plate. 

573 



~-----~~-- -----------

RECOMMENDATION: Carefully review drawings and specifications 
before construction, with special attention given to the side effects of 
design changes. 

Storage Tank Foundation Revised 

Drilled piers were originally designed to ·be dug in the mechanical room to. 
resist earthquake loads of the vertically-mounted solar storage .tank. Under­
ground electrical ducting was discovered during construction passing directly 
through two of the piers. This could have been avoided by careful examination 
of the- electrical· as=- built drawings • Eveh though the electrical ducts were empty 
(to be used for future expansion), the storage tank was relocated to take advan­
tage of a better location (recently freed by the removal of some unused equipment) 
and the tank support redesigned (to avoid further surprises). The new design 
consisted of a heavy raised slab· instead of piers to prevent overturning. 

RECOMMENDATION: Carefully examine as-built drawings for 
potential conflicts on retrofit projects. 

Sloping of the Collector Support Structure 

The collector support structure was designed to slope with the roof. This 
allowed the collectors and piping to be mounted square with the support structure 
while still achieving the necessary slope for draining water out the collectors. 
Without realizing the intent of·the design, the contractor installed the support 
structure level. This not only would have hampered drainage I but increased 
the height of the roof support stands at the low points of the roof. The extra 
height increased the moment loading (created by wind) on the supports. The 
roof support stands were not designed -to take this extra load and the contractor, 
therefore, had to reinstall the .collector support structure as designed. The steel 
did not have to be refabricated. 

RECOMMENDATION:. The contractors should not only understand 
the "what" of the design, but also the "why," so they can effectively 
judge the consequences of changes (initiated by themselves and others) 
and look for opportunities of improving the system and lowering costs. 

Flow Switch Not Installed Properly 

The flow switch (which ·Signals the. ·solar system when there is a space 
heating load) was improperly installed- because the piping connection was too 
small, preventing the paddle (which extends ·into the flow pipe and is displaced 
by flow) from moving . 

RECOMMENDATION: ·Carefully read manufacturer• s installation 
instructions • 
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RECOMMENDATION: Carefully review drawings and specifications 
before construction, with special attention given to the side effects of 
design changes. 

Storage Tank Foundation Revised 

Drilled piers were originally designed to be dug· in. the mechanical room to 
resist earthquake loads of the v~rtically-mounted solar storage. tank. Under­
ground electrical ducting was discovered during c.onstruction passing directly 
through two of the piers. This could have been avoided by careful examination 
of the electrical as-built drawings. Even though the electrical ducts were empty :· 
(to be used for future expansion), the storage tank was relocated to take advan­
tage of a better location (recently freed by the removal of some unused equipment) 
and the tank support redesigned (to avoid fl,lrther surprises). The new design 
consisted of a heavy raised slab instead of piers to prevent overturning •. 

RECOMMENDATION: Carefully examine as-built drawings for 
potential conflicts on retrofit projects. 

Sloping of the Collector Support Structure r.:;t,., 

The collector support structure was designed to slope with the roof. This . 
allowed -the collectors and piping to be mounted square with the support structure 
while still achieving the necessary slope for. draining water out the collectors. 
Without realizing the intent ·of the design, the contractor inl:?talled the support 
structure level. This not only would have hampered, drainage, but increased 

·the height of the roof support stands at the low points of the roof. The extra 
height increased the moment loading (created by. wind) on the supports. The 
roof support stands were not designed· to take this extra load and the. contractor: 
therefore, had to reins tal! the collector support structure as de signed. The steel 
did not have to be refabricated • . .. 

. RECOMMENDATION:. The contractors should not only understand 
the "what" of the design, but also the "why,·~ ·so they can effectively 
judge the consequences· of changes (initiated by themselves and others) 
and look for opportunities of improving the system and lowering costs • 

Flow Switch Not Installed Properly 
'· 

The flow switch (which signals. the solar sys.tem when there is a space 
heating load) was improperly installed because the.piping connection was too 
small, preventing the paddle (which extends into the flow pipe and is displaced 
by flow) from moving • 

RECOMMENDATION: Carefully read manufacturer's installation 
instructions • 
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Differential Thermostats Not ·Labeled Adequately 

Three differential thermost~ts were used in the system, each with different 
set points. When th~y arrived at the site, they all looked the same, so the 
electrician installed them without regard to which controller went where, until 
small set point markings were found written inside the controller. 

RECOMMENDATION: Set point markings should be boldly displayed 
on the outside of controllers. 

Site ·Gauge Qnly Partially Effective .. 

A site gauge was installed on the collector loop so the water level in the 
sump tank could be monitored •. With no connections to the tank available, the 
site gauge was connected to the piping between the sump tank and the pump at 
the bottom and to the air vent line at the top. This prevents the site gauge from 
being used when the pump is on because, if valving to the site gauge is left 
open, the pump immediately sucks all the water down and out of the gauge, 
and when the pump first goes off, the air vent line sucks water up the site gauge. 
This configuration, though not desirable, was satisfactory in monitoring the 
water level, but only during static conditions. 

RECOMMENDATION: A site gauge should be included in the collector 
loop to monitor water level. The gauge should preferably be connected 
directly to the top and bottom of the sump tank so the water level can be 
monitored during dynamic as well as static conditions. 

Flying Pipes 

. The collector piping ·was designed to have only one high point from which 
water drains on both sides of the collector. This made the piping simpler and 
less expensive, eliminating th~ need for the air vent to go to each of the four 
collector bank high points. To do this, the return piping was run high in the air 
between the collector b<;mks. Once installed, the pipes were considered unsightly 
by Stanford personnel. A price for lowering the pipes was quoted by the contractor 
($1, 935) but rejected by Stanford. ·painting the jacketing a dark color is being 
considered as an inexpensive alternative. 

RECOMMENDATION: Carefully review the visual impact of the 
system. A consensus of opinion may not always be possible, but visual 
considerations are sometimes as important as performance and other 
technical factors. 

576 



Collectors 'Iiewed from the west . 



THE CHURCH OF THE VALLEY 
A Case Study in the Architecture of Energy Conservation 

by Wm. Stevens Taber, Jr. 

The Church of the Valley is a complex of religious and community buildings 
located 35 miles east of San Francisco in the rapidly growing San Ramon 
Valley . It was conceived by the founding members of the church as an oppor­
tunity to demonstrate energy conservation for the considerable construction 
activity taking place in the communities around it, and during design it 
became a solar energy demonstration project for the Department of Energy and 
a case study in energy conservation for the American Baptist Churches of the 
USA. In the latter capacity , it was required to be designed to use 75% less 
energy than similar buildings in the area, including the energy used in cool­
ing, lighting , and ventilating, as well as heating. Thus, the design process 
began with detailed analyses of projected energy use, and these analyses in­
formed the decision-making process throughout. 

The church is located on a beautiful site in the heart of the valley, with an 
existing barn and several majestic old oak trees, and a wet weather stream 
through the middle of the site. Initially, two approaches to siting the 
building were studied : first, rendering the project into a wholistic, sculp­
tural geometry, surrounded and supported by the site; second, grouping the 
buildings in such a way as to make outdoor pl aces between them, with building 
and site integrated into each other . The architects saw the opportunity to 
make a delightful and inviting outdoor space around the stream and existing 
trees, so the master plan was developed to enclose a courtyard in the center 
of the site with buildings around it. 

The architects also derived inspiration from the barn existing on the site. 
America was settled from east to west, in the migration over the prairie, and 
as American society and American architecture moved westward, all the frivol­
ity and decadence of European culture were baked out of it, until it reached 
its quintessential expression in the architecture of the California barn. 
This is an architecture of simple massing and detailing, and the powerful 
expressiveness of the landscape that bears it. It is an architecture of 
asceticism and spiritual strength. 

San Francisco, on the other hand, did not come over the plains: It came 
around Cape Horn, and was inserted into the coastline from the sea; thus, the 
Victorian architecture of San Francisco retains its European character almost 
intact. This is a gregarious, emotional, fun-loving architecture, completely 
different from indigenous California architecture. The Church of the Valley, 
although near San Francisco, is in the spirit of the California barn, seeking 
to be in harmony with the place it is in. 

The Victorian houses also serve to illustrate the relationship of buildings to 
the sun. Victorian architecture has flourished in marine climates: England, 
the north coast of California, southwestern British Columbia, and southwestern 
Australia. In these climates, the summer sun is generally obscured by fog; 
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shading devices are not necessary because the shading device has been instal­
led in the atmosphere by God. Rather, the windows reach out from the skin of 
the building to capture all the light that is available . In inlan~ b~ildings, 
however, where heat gain is problematic, windows recede into the i"terior of 
the building, with an implied exterior envelope articulated by the shading 
devices. In the San Ramon Valley, the critical climatic load is cool ing; 
thus, the Church of the Valley has taken the form of an inland building, with 
deep overhangs on the south-facing glass, and blank walls facing east and 
west. 
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These major issues were evident in thP. earliest design studies of the project: 
sun protection, natural lighting, simple massing and detailing, and siting for 

~ the creation of outdoor space. As the design developed, the energy conserva­
~ tion system was refined; it included provision for the solar system, design 

of the fenestration for effective natural light, and the design of a night-
time ventilation system for natural cooling. The building form was also stud­
ied for its effectiveness in promoting cross ventilation. In the final stud­
ies, all the essential elements of the initial concept were still present, 
including a well-defined courtyard for outdoor worship and baptisms, with 
the solar collector bank, which has become a powerful symbol for the congre­
gation, serving as a backdrop. 

Perspective of Outdoor Baptistry to Multi-Use Room 
from creek looking past redwood 

The design and procurement of the solar system was intended to minimize prob­
lems for a technically unsophisticated owner. It is a simple, hydronic, 
drain-down system with high quality components and limited maintenance re­
quirements. Procurement was done by means of a performance specification, 
which clearly fixes responsibility for the ultimate performance of the system 
with the design-build contractor, rather than limiting his responsibility to 
workmanship and material. This also encouraged him to exercise his design 
ingenuity in matters of cost control , which is the contractor•s primary area 
of expertise . 
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Energy Systems: Natural and Mechanical 

The project is now completed and occupied, and is fu l filling peopl e's expec­
tat ions on many l evels. The energy conservation system is operating as antic­
ipated, with the i nterior spaces remain i ng cool (without mechanical cool i ng) 
through the hottest summer days, and with the sol ar system .performing substan­
tially better than had been projected. The interior spaces are naturally lit 
to a high enough level that arti fi cial light is unnecessary during dayl ight 
hours. Moreover, the congregation has coalesced during the bui lding of its 
new home; moral e among the members is very high and new members are joining 
every week . The project has also become a potent influence on the community, 
generati ng a tremendous amount of interest among neighbors , newspapers, and 
church groups; al ready several more such projects are beginning in the area, 
and simi larly minded congregati ons from around the country are visiti ng and 
asking advice . 

Lastl y , the project has been a tremendous learning experience and a great sat­
isfaction for the designers and builders involved , who have struggled with 
unfami l iar problems throughout the process, and have experienced all the aspi ­
rations and joys of the congregation members themselves. It has been a demon­
stration not only of energy conservation in architecture, but also of its 
human content, that part of the building process which makes architecture so 
much a living art . 
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DAVID E. ABELES 
SPRINGFIELD REDEV.· AUTHORITY 
73 STATE STREET P.C. BOX 2320P 
SPfUNGF IElO MA 

MITCHEll ABRAMOWITZ 
FOUNTAINHEAD ASSOC. 
2526 ROSEWOOD AVE 
ROSYLN PA 

DELPHIN ACOST~ 

01101 

19001 

HillSBOROUGH CO PlANNING COM 
700 TWIGGS STR SUITE 800 C 
TAMPA flORIDA 

STEVE ADAMS 
PACIFIC GAS & EL£CTRIC 
245 MARKET ST RM 1700 
SAN FRANCISCO CA 

BIll AHEARN 

33602 

L 

9410t 

SOUTHERN SOLAR ENERGY CENTER 
2300 PEACHFORO SUITE 1250 G 
ATLANTA GEORGIA 

BRIAN AlEXANDER 
WASHINGTON GAS LlGhl CO. 
6801 INDUSTRIAl RD. 
SPRINGFIELD VA 

JERRY AllEN 
DOME BUll OERS 
HANOMARK I APT. 301 
CHERREY HillS NJ. 

THOMAS R ALSPAUGH 
AlSPAUGH & ASSOC. 
4707 -QTOM I A\jf 
SAN OIEGO,CA 

ROBERTO ALVAREZ 
SOUTHWEST SOLA~ CORP 
441 NC. CAK Sl 
INGLEWOOO,CA 

30338 

p 

22151 

p' 

0803't 

9211'1 

l 

90.301 
A-1 

C BOLTON ABERNETHY 
SOLARCRETE CORP~ 
7505 SUSSEX OR. 
FLORENCE KY 

OGN ABRAMS 

p 

41042 

SOUTHERN SOLAR ENERGY CENTER 
2300 PEACHFORO PO 2XCH PlACE 0 
ATLANTA, GA 

30338 

JEFF ADAMS 
COMMONWEALTH TELEPHCNE CO. 
100 LAKE STREET p 
DALLAS PA 

OR. CHATUR G AOVANI 
SYSKA & HENNESSY INC. 
11W 't2 ST. 
NY NY 

OGNALD AllKEN 
WESTERN SUN 

18612 

P. 

10036 

921 SW ~ASHINGTON 
PORTLANO,CR 

ST SUITE 160 
l 

97205 

HB ALLAN 
PC BCX 14042 
Sl PETERSBURG FLORIDA 

ROBERT A ALPERT 
AlPERT ASSOC 
344.6 LAMA AVE 
lONG BEACti,CA 

C P ALSUP 
\lOUGH CORP 
PC BCX 225554 
DAllAS lX 

KATHARINE l ALVORD 

c 

.33733 

l 

90808 

l 

75265 

lEAGUE Of CALIFCRNIA CITIES 
1400 K.STREET l 
SACRAMENTC,CA 

95814 



CHARLES A AM8ELLAN 
CA CEPT Of EDUCATION 
601 k 5TH ST 
LOS ANGELES ,c A . 

ALAN ~- AMENTA 
3244 DARB't RD. •. 
HAVERFORD PA 

i 

DONALD ANOERSCN 
MID AMERICAN SOLAR ENERGY 
1256 TRAPP RO . . , .. 
EAGAN,l'4N 

MeRRill ANDERSCN 
HOWARD C~OW ASSCC 
2901 PO.,.ENA AVE 
LOS ANGELES,CJ! 

PETER B ANOERSON 
ANDERSON fENNETT ASSOC. 
5 \!lEST 95H(ST 
NEW YORK NY.· 

-.) . 

EOWARC ANDRADE 

L 

90017 

P. 

19041 

D. 

55121 

l 

9003S 

10025 

TRI CITY CITIZENS UN. FOR PRCG 
675 SO. 19TH. ST. P 
NEWARK NJ 

0710.3 

0 ' 
GERARD ASCHER 
NASA GSFC. 
820 SOUTH "AS~ INGTDN STR \, 
AlEXANDRIA VA. 

JAMES AUGUSTYN 
BERKELEY SOLAR GRCUP 
3026 SHATTUCK AVE 
BERKELEY CA 

DANIEL AUNE 

22314 

94705 

TRIANGLE INSTITUTE G~ TECH 
172 N JAMESTC\r.N 
CCRAOPOLI S PA 

15106 

A-2 

EUGENE AMeURGEY 
TENNESSEE GAS PIPELINE ... • .. 
PC ecx 2511' G 
HCUSTCN TEXAS 

77001 

CRAIG p ANDERSON 
l<lRTLANO AFe . 
1606 AeW-OEE L 
AlBlJE~QUE,NM 

87117 

MARl< ANDERSON 
CALIF BUILDING INDUSTRY ASSOC 
1225 8TH ST SUli~ :500 
SACRI\MEf\TO CA 

PAUL E A~DERSON 
MARTIN MARRIETTA ALU~iNUM 
19200 SCUTH·~ESTERN.AVE 
TORRANCE-tCA 

' f 

WESLEY ANDERSON . , 

95814 

l 

90509 

MONTEBEL~O ~~lfiEO SCHOOL DIST 
123 S MONT.EBE_LLO .BL \10 L 
MONTEBELLC,C.A ' 

CHARLES A AGUINO 
HAR~ICKE ASSOC. INC. 

90640 

6620 WEST BROAD STR EEl R.D. 
RICtiMOND VA. 

p 

23230 

JOHN ASEMCORF 
ALTERNATE ENI;:R.GY INOU.STRIES 
BOX 2427 0 
ORLANDC FLORIDA 

32802 

J W AULT 
CHEVRC~ Ll~ f~ELD ~~SEARCH CG 
P C fU~ 446 l 
LA HABRA CA ·) 

WILLIAM K. AUNGST 
RENt\ StAlE UNIV. 
CAP ITCL CAMPUS 
fHOOLE TCkN PA 

90631 

p 

17057 



AflNCLC AZEFF 
NORRISTOWN AREA HIG~ 
331 ~ETHERING TOWN OR. 
BRCOMALL PA 

GEORGf J. BABSON j~. 
VITRC LABCRATCRIES 
14000 GECRGIA AVE 
SILVER SPR lNG MD 

·. '•, 

FRED BAILEY 
30948 BROAD BEACH RO 
MALIBU CA 

DAVIt BAKER. 
BCX 8555 
LA CRESCENTA CA 

GEORGE BALALAV 
ENERGY RESEARCH t APP 1 S 
1301 EAST EL SEGUNDO BLVD 
EL SEGUNDO CA 

JOE BANIA 
BOX 1.5830 
MAil STCP 73· 
SACRAMENTO CA 

PETER BANNER 

19ooe 

p 

20910 

l 

90265 

l 

91214 

l 

90245 

l 

95813 

ENVIRONMENTAL ENERGY SYSTEMS 
2662 PACIFIC PARK DR l 
WHITTIER CA 

. 90601 

ROSALYN BARBIERI 
JET PROPULSION L~~CRA~CRY 
4800 OAK GROVE ORIVE 
PASADENA CA 

l 

91103 

JOH~ E. BARNARD JR A.I~A.:. 

1054 MAIN STREET P 
CSTEfWILLE MA 

02655 

A-3 

MANUEL S. AZEVECC 
MA~UEL S. AZEVEDO t SUNS INC 
738 eARK ST. P 
SWANSEA MA 

JERR't' eACKER 
TRACY ENGINEER~ INC. 
702 ll S BURN RD. 
CAfoiP HILL PENNA. 

· .. ', .·. ,;, .. 
PHil BAILEY 
30948 BROAD BEACH RO 
MALIBU CA 

MATTHE._ EAKER 
842 N SIERRA ST 
RENO NV 

GREG BALLINGER 

02777 

p 

17011 

L 

90265 

L 

89502 

MIAMI DADE COMMUN~TY tOLLEGE 
11810 SOUTHWEST 171 0 
MIAMI FLCRIDA 

.ISAAC L BANKS 
CHILORENS ORTHOPED1C HOS~ 
4800 SA~D POINT WAY N E 
SEA.TTLE ._.A 

RICHARD BANNEROT 
UNI\J.OF HCUSICN 
MECHANICAL ENGINEER 
HCUSTCN TEXAS 

CARLOS X LEAL BARCELO 
lNG EN IER lA SCLAR S A . ·. 
AV. VALLARTA NO 1525-305 
GUAOALA4ARA MEXICO 

GUY C. BA.RNES 
C lTV OF YQ;PK: 
259 W. PHILADELPHIA ST. 
YORJ< PA 

33177 

L 

98105 

0 

77004 

l 

p 

17404 



HAROLC BARNETT 
TRIANGLE TECH. 
715 folOUP AVE. 
BRACKENRIDGE PA 

CHARLES P. BARTLETT 
228 RENO STREET 

CLARKSBURG WV 

STEPHANNIE BARTOS 
THE EHRENKRANll GRCUP 
lit WEST B<i 
NYC NY 

JOt\ S BASSO 
6600 8ELLAIRE BLVC 
HO TEXAS 

I 

.) . 

p 

15014 

26301 

p 

10024 

17014 

ROBERT W. BAUGHMAN ~R. 
COLUMBIA~ COUNTY JOINT VCC. 
9361t STATE RT. ItS P 
LISBON OH 

RONALC L BAYlE 
W 8 PLUMBING 
lt921 W 13TH ST 
HAWTHCRNE CA 

KEITH 0 BEATY 
1400 ~ CONGRESS A~E 
W P BEACH FLORIDA 

PAUL BELliNGER· 

lt4432 

l 

9025C 

. ( 

331t09 

SOUTHERN SOLAR ENERGY CENTER 
2300 PEACHFCRD SUITE 1250 C 
A lLANlA GEORG lA 

RICHARD BENNETT 
ANDERSON & BE~NETT ASSOC. 
5 WEST 95TH SIREEI 
NEW YORK NY 

3033E 

p 

1002.5 

A-4 

WAYI\E BARNEY 
ARGONNE NATIONAL LAB. 
185 S. CAPITAL 
·IDAttC FALLS 10 

J.C. BARTLETT 
18~ CORP. 
150 SPARKMAN DR 
HUNT SV Ill E AL 

A.J. BARTOSIC 
RCHM A~C HAAS CO. 
I~DEPE~DENCE MAll WEST 
PHILADELPHIA PA 

BRADLEY O. BATES 
AERECJET SERVICES CO. 
P.o. ecx 13618 
SACRAMENTO CA 

JAMES F BAUR 
GENERAL ATCMIC en 
P 0 E!OJ( 81608· 
SAN ClEGG C/1 

DOUGLAS G BEAMAJ\ 

p 

83401 

LOOP 

35805 

p 

19105 

p 

95813 

L 

92138 

CENTER FOR SOLAR ENERGY APPL 
SA~ JCSE UI\IVERSITY L 
SAN JOSE CA 

95192 

LEE l E!EGAY 
IHS FAC & EQUIP MGMl OfC 
300 SAN MATEC BLVD N E l 
PO BOJ( SCi 7 8 
ALBUQUERQDf NM 87198 

MR DCNALO H E!ENCEN 
1010 MEL IS SA ' 
SAN ANTCNIO• TX 

BEN BENTLEY 
SCLAR CITY 
5519 HEhCE~SCN E!L~O 
TAMPA FLCRIOA 

78213 

c 

3.3609 



HARRY BENZ 
APPRENTICE COM. OF PHILA £ YIC 
4333 EAST RIVER OR. P 
PHILJI PA 

ROBERT L BERG 
GEN. ElECT.tCC. 
PC BCX 8661 
PHILA PA 

CAVIO A BEROKCFf 
SOUTHERN CALif GAS CC 
810 S FLO~ER ST Ml 23 
LOS /JNGEL ES C /J 

RH. BERUBE 
RIJC. E~GINEE~ING CEPT. 
399 GARDEN CITY OR. 
Cf<ANSTON R.:l. 

H BIEBER 
HOffMANN £ LA ROCHE, INC 
KINGSLAND ST. BLDG. 105 
NUTLY NJ 

CHUCK BlSHCP 

19129 

p 

19101 

l 

90017 

p 

02S20 

p 

07110 

SOLAR ENERGY RESEARCH INSliTUl 
1536 CCLE BLVO L 
GOLDEN CO 

DWIGHT T BLACK 
STATE OF FLORIDA 
100 STARLING LANE 
LONGWOOD FLORIDA 

C KIM BLAIR 
TERRA TEK INC 
420 WAKARA PARK 
SALT LAKE CITY UT 

CHARLES BLIEGE 
HITEK,INC 
42673 AMES CREEK DR 
SWEET HOME OR 

80401 

( 

327SC 

l 

8410€ 

l 

9738t 

A-5 

JUSTIN A BERENV 
P 0 BOX 204 
SAl\ ~ATEC CA 

BERGEN RC-D 
SOLAN kfST CUNSTR CO 
23939 VENTURA BLVD 
CALABASAS CA 

R E BERRY 
USOA 
PO BOX 1909 
WINTERHAVE~ FLORIDA 

ROBE~T \i. BE~UBE 
FIFTh wALLINSFORO CORP. 
669 CENTER ST. 
wALLINGfCRO CT. 

JGHt\ S. BilOTTA 
KLING li~DQUIST INC. 
1401 ARE~ ST. 
Pt:iltAOELPHIA PA 

P J BISHCP 
DEPT GF ~ECH ENGR 
UNIV OF CENTRAl FLORIDA 

L.C. BLACK 
HEATING £ COOLING INC. 
1242 OAKHURST DRIVE 
CHARLESTON liiV 

JCHN BlAKE 3RD 

J, 

94401 

.L 

91302 

c 

33880 

p 

06492 

p 

19102 

0 

32816 

p 

25314 

REVERE SOLAR & ARCH. PROD. INC 
2107 S GARFIELD AVE L 
LOS ANGELES CA 

90040 

JAMES E. BLOCHE~ 
JIM BlCCHER ENGINEERING SERV. 
403 ~EMOPIAl OR. P 
GREEt\VlllE CH 

45331 



--------------~ 

DAVID BlOCl< 
FlORICA STATE SOLAR ENERGY CNT 
300. STATE RC 301 
CAPE CANAVERAL FLCRICA 

HARRY BLOUNT 
CCMFCRT CGNTR~CTORS,l~C 
Po ·eo.x 2206 
SALISBURY NC 

THOMAS BOCK . . 
3319 PAN AMERICAN OR 
CITY CF MIAMI .BLOING CEPT 
MIAMI FLORIDA 

WARREN BCESCHE~STElN 

32<320 

L 

28144 

c 

33131 

UNIV. OF UA. SCH. GF ARC~. 
540 V till FY RO 
CHARLCTTESVILLE V~ 

p 

22<303 

DAVIC G BOORSE 
NEW LIFE YOUTH & F~MILY SERV. 
FREE~AN SChCCl RO. F 
HARLEYSVIllE PA 

18Cl7S 

JAMES C BORDEN 
BOISE CASCAIJE ~FRO t-:CUSING. E 
61 PERIMETER PARK C 
ATLA~TA GEORGIA 

ALAN ~ EORKG 
PAN TECH ~ANAGE~E~T CGRP. 
100 fiRE ISLA~C AVE 
BABYLCN 1\Y . 

STE\IEN BCROh 
C/0 AUSTII\ hA~SEN 
240 LCMAS. SANlA FE DRIVE 
SOLAN' BEACH CA .. 

MR wiLLIAM H BCkERS 
5907 CROM"ELL ,ORI\IE 
WASH 1 1\GTGN, 0 C 

30341 

p 

11702 

l 

92075 

20016 

A-6 

ROBERT f.LOSSGM 
MERRIAM,OEAS& WHISENANT INC 
97~ ·osos ST,SUITE "C" l 
SAN LUIS OBISPO CA 

ALOEf\ eLYTH 
BRHe. OEVELGPERS 
616 S. A~ERICAN ST. 
PHILA PA 

GENE BCECKER 
FENTON WHITE-ASSOC INC 
15401 ~CGREGOR BLVD 
FORT MYERS FLORIDA 

lEE .R BCHN I NG 
NAVAL 1\UCLEAR POWER UNIT 
BLDG 835 CBC 
PORT HUENEME CA 

GINt\V BOOTH 
BGCTH REALT-Y 
801 HIGH ST. 
MT HCLLV NJ 

VICTC~ J eCRGES 
SUNS E1 OR I VE 
HUNTINGBURG INDIANA 

BARRIE W BGRMAN 
OIABLC VALLEY CCLLEGE 
321 GOLF CLUB RO 
PLEASANT HILl CA 

JCHI\ C. BOhEN 
.A~ET EK .IN.C. 
1025 PCL)NSKI RO. 
IVYLAND PA 

WAlLACE k eCWLEY 
UNIV •. CF CONN. t NESEL 

93401 

p 

19147 

0 

33<308 

l 

93043 

p 

08060 

- 0 

47545 

L 

94523 

p 

18<374 

BO.X .U ,139 MEEL T I ENGR. DEPT P 
STARRS CT 

06268 



CA~Y eo-vo 
NORTHEAST SG~AR ENERGY CENTER 
70 MEMO~lAL OR. P 
CA~BRIDGE filA 

TIROAO BOZORGMFHER 
SOLEN CORPORATION 
1.5225 STAGG Sl 
VAN NUYS CA 

WILSON BRADLEY 
180 SOUTH LAKE AVE. 
PASENDA CA 

02142 

l 

91405 

l 

91101 

~R & ~RS JAMES G eRANAUM, 111· 
7003 WAGON SPOKE 
SAN ANTONIO, TX 

1823B 

JOHN E. BRANDT 
VAN HUFFEL TUBE CCRPO~ATICN 
DEITZ ROAD P 
wARREN OH 

GEORGE BRATT 
CITRUS COLLEGE 
6140 VECINO OR. 
GLENOCRA CA 

S. RICHARC BRENNER 

444Sl 

l 

51740 

EVER READY REFRIGERATICN CG 
PO BOX 1384 P 
TRENTCN NJ 

08607 

CARl EREPIER 
RARITAN VALLEY PLU~BING SUPPLY 
BRIOGE~ATER NJ. l 

HERB BRILL. 
RAINAIRE PRODlCTS 
1300 AO~IRAL klLSCN BLV~. 

CAMDEN NJ 

08807 

p 

0810<3 

A-7 

0 

DANIEL B BC\'LEN 
700 EAST MAIN ST,SUlTE 1606 
RICHMONC VA 

ROGER BRADFORD 
SCLARON 
10235 E. E'IJANS #105 
DEN'IJER CO 

T~GMAS T. BRADSHAW 
VIT~G LABORATORIES 
14000 ~ECRGIA AVE 
SILVER SPRING MD 

JCHf.l 8. BRANDON 
AERIE DESIGN SERVICES 
1332 MAXON ROJlO 
ATTICA NY 

JERRY 8RATROLO 
WAS~INGTCN NATURAL GAS CO 
815 MERCER 
SEATTLE, ~ASHINGTO~ 

CLAUDE BRENNER 

23219 

l 

80231 

p 

20910 

p 

14011 

0 

98111 

NORTHEAST SOLAR ENERGY CENTER 
70 MEMCRIAL P 
CA.,Bf<IOGE M.d 

RCB EIH E!R E SNICK 
PC BCX 929t:O 
WGRLOWAY PCSJAL SERVICE 
LOS ANGLES CA 

ROBERT BRIECK 
FRANKLIN INSTITUTE 

02142 

l 

90009 

SOLAR INFORI"'ATICN PROGRAM P 
20Tti ANO P~RKWAY 
PHilAOELPHIA PA 19103 

RHG~CA E!RILL 
RANAIFIE PRODUCTS 
1726 F.dUNCE ST. 
PHILA P.d 

p 

·lCHll 



R TIMOTHY 
BOX 216 
CCLMAfl Pt. 

-,----

JOHN L BROSE 
BROSE COMPANY 
5353 COLLEGE AVE. 
CAKLANO CA 

GEORGE W.. BROWN 
SUN SOLAR. PRODUCTS 
1305 N. 57TH STRfET 
PHILADELPHIA P/1 

STEVEN M. BROhN 

p 

18915 

l 

94618 

p 

19131 

NORTHEAST SOLAR ENERGY CE~TER 
10 MEMORIAL OR. f 
CAI>'B!< IDH MA 

THOMAS BUCHINSI<Y 
BUCHI~SK~ ENTERPRISES 
P.G. EGX 29 
GLEI'\CLDEN P.A 

SHARYf\ BUO~PAf\'E 

OftlEGA HOMES INC. 
625 ~ESERVOIR CR. 
FRANKll" ~AKES f\'J 

CAVIC l BURROlo!S 

02142 

p 

1903t: 

L 

07-411 

TENNESSEE VALLEY AUTHORITY 
TSC-4 0 
CHATTANOOGA TENNESSEE 

37401 

MARK EUTCOWSKI 
OPPORTUNITY BOARD MCNT. CO 
ecx 65 p 
MONT CLARE PA 

N· W BIJTLER 
COUNTY OF CHESTERfiELD 
1421 SALISBURY DR 
MIDLOTHIAN, VA 

19453 

c 

23113 

A-8 

STA~FORC G BROOKS & ASSOC 
STA~FCRO G BROOKS 
25 ROCK Hill RO 
BALA CYNwYD PA 

DOUGLAS J BROl!IN 
WEIR ANO.SONS 
35 WHIPPCORRWILL RD 
ARMONK NY 

STEPHEN M. BRCWN 
S"I~IPOOL INTERNATIONAL 
39 BLAtKFORO AVE. 
YCNKERS NY 

RICHARD BRUMBERG 
GILBERT ASSOCIATES 
P.O. BOX 1498 
READING PA 

LOUIS BUONPANE 
OMEGA HCMES INC. 
625 RESERVOIR OR. 
FRANKLIN LAKES NJ 

J W BURCHAM 
1417 NE 5TH TERRACE 
CAPE CCPAL FLOR.OA 

LARRY BUSH 
SCLAR DESIGN SYSTEM 
BOX 168<1 
FCRT PIERCE FLORIDA 

DEAN L. eUTLER 

p 

19004 

p 

10504 

p 

10704 

p 

19604 

L 

07417 

0 

33904 

0 

3.3450 

SMITH MILLER AND ASSOC. INC. 
189 ~A~KET ST. P 
KINGSTON PA 

SUTLER WR 
NORTH GEORGIA COLLEGE 
HWY 60 PLANT OPERATION 
OAHL~NEGA GEORGIA 

18704 

0 

30533 



EDGAP. BUYCO 
PURDUE U~IVERSITY 

HA~MOND IND. 

NORMAN G. BYAR 
FINK & ASSOC. 
1701 ARCH ST. 
PHILADELPHIA PA 

FREDERICK G CAOE 
CITY CF OCEAN CITY 
821 CENTRAL AVENUE 
OCEAN CITY NJ 

GEORGE J •. CAL IVA 
PENN STATE UNIV. 
602 E. HiiRD ST. 
WEATHERLY PA 

f' ICHA El J. CAMPO 
TRINITY COllEGE 
1704 BOULE~ARC 
W. HA~TFORO.CT 

fRANK CANDELARIO 
TS I INC 
:3204 PRCOLCTION A~E 
OCEANSICE CA 

JAMES V. CAPIZZI 

l 

46:323 

p 

19103 

F 

0822t: 

p 

18255 

p 

06107 

l 

92054 

MIDDLESEX COU~TY VOC TECH HIGh 
112 ~UES lANE 
EAST SRUNSWICK NJ P 

08857 

JOHN B. CARLOCK 
MUELLER ASSCCIATES l~c; 
1900 SULPHUR SPR. RC. P 
BALTIMORE MD. 

R. WILLIAMS CARLSON 
ROEBLING CCNSTRUCTION 
P. c. eox T7 
ROEBLING NJ 

2122l 

p 

08554 

A-9 

ROGER C euz 
BUZ TV SER~ICE CSUNENERGY INC) 
ROUTE I BOX 156 n 
MELRCSE flORIDA 

32666 

ERNEST CACCAMO 
COOPER CITY BUILDING DEPT 
11610 STCNEBRIOGE PARKWAY 
COOPER CITY FLORIDA 

0 

RAY CALIBE~TE 
GATEhAY ElECTRIC 
328 WillOW AVE. 
LONG BRAN NJ 

DENNIS CA~.PBEll 

33328 

p 

07740 

HOME FEDERAL SA~INGS & LOAN 
701 BROADWAY l 
SAN CIE<:C CA 

92101 

JCHN CAMPOS 
MONTEBEllO UNIFIED SCHOOL ~1ST 
123 S MCNTEBELLO 8l~O l 
MONTEBELLO CA 

90640 

CELESTE CANTU 
IMPERIAl VALLEY HOUSING AUTHCR 
1401 non STREET l 
BRAhlEY CA 

92227 

JO~N CA PCNE 
J. CAPONE CONSTRUCTION CO. INC 
175 EAST MITCHEll AVE P 
CHESHIRE CT 

06416 

JOHN H CARLSON 
GCVERNCR'S OFFICE OF ENERGY R 
7703 N LAMAR BL'O C 
SUITE 502 
AUSTIN TEXAS 78752 

H. MftURICE CARLSTON 
101 AlUMNI HALL OF ENGR. 
LAFAYETTE 21 
EASTON PA 

p 

18042 



ROBERT L CARMODY 
VALENCIA COMMUNITY COLLEGE 
BOX 3028 c 
ORLANDC FLORIDA 

STEVE CARCLAN 
GREENHOUSE SALES £ IN 
107 ~ESTkOOO CIRCLE 
RCSLYf\ HTS NY 

DAVID E. CARTE 

32802 

F 

11577 

NAVAL SURFACE ~EAPCNS CENTE~ 
CODE W-41 . P 
OAHLGF<EN VA 

2244S 

BERNM~O 8 CAS~ 
CITY OF LGS ANGELES 
ROOM 8CC;CITY HALL EAST l 
200N MAIN ST. 
LOS A~GELES CA 90012 

JOHN t;. CATHEY 
CA~PIER CCNSUMER CO~P. 
P.o. eox 4808 
SYRACUSE NY. 

BRUCE CAVIN 
JOHN MILNER ASSOC. 
309 N. MATLACK 
WEST CHESTER PA 

RICHARD C~AOWICK 

p 

13221 

p 

l938G 

3050 PENOBSEAT BLDG · C 
HURON CLENlTON ~ETROPCLITAN AV 
OETRCIT ,M I 

STEVE CHAMBERLIN 
CAMPHILL SPECIAL SC~OCL 
RD#1 
GLENMOORE PA 

JCHN R CHAMBLESS JR 

4822t: 

p 

19343 

CHAMBLESS KILLINGS~ORTH ASSOC 
5720 CARM.ICHAEL RO C 
MCNTG(MERY AL 

.36117 

A-10 

TERRANCE M. CARNEY ! 
TVA SOLAR APPLICATIONS BRANCH 
240 CSTZ-C P 
CHATTANOOGA TN 

JOSEPH L CARRllLL 
. CITY 0~ LONG BEACH 

333 W OCEAN BLVD 
LONG BEACH CA 

MRS J k CARTER JR 
222 RCBINH0£0 
SAN ANTC~IO• TElAS 

JOSEPH A CASTELLANO 
STA~FCRO RESOURCES INC 
Pli eox 20324 
7017 ELMSDALE DRIVE 
SAN JOSE CA 

JAMES L. CAVENAUGH 

37401 

L 

90802 

78209 

95120 

PENNA CCA MUNICIPAL·JRNG OIV 
P.C. BCX 155 P 
HARRISBURG PA 

JUHt. A. CAWLEY 
UNITECH ENGINEERING INC. 
P.C. BOX 130 
PEABACI< NJ 

C k CHA .lNG 

17120 

p 

07977 

S 0 SCHCOL OF MINES £ TECH 
500 E ST JCE ST 0 
RAPID CIT'Yr SC 

JA CHUCK CHAMBLESS 
ENERGY MGMT SYSTEMS INC 
603 SKI LODGE DRIVE 
MONTGOMERY ALABAMA 

SUPAl CHANORAMAS 

57701 

G 

36117 

329 NORTH NE~ HAMPSHIRE 12 
LOS ANGELES CA L 

90004 



H.AN CI-'ANG 
ANGCNNE N~TIONAL LABC~ATCRY 

P.OCM f316 l 
BUILDING 362 
ARGCNNE IL 6043S 

MANOH~R LAL C~AUhAN 
STATE Of CALIF DEPT OF ~~TEF . 
P c ecx 388 · L 
SACRAMENTD CA 

PING CHENG 
DEPT Of MECHANICAL ENGR' 
UNIVE~SITY OF ~AWAII 

HCNCLULU, HI 

CHEN 1-' CHI 
ENERGY OEVELCPMENT ASSOC 
1100 W WHITCOMB AVE· . 
MAUiSUN ~tlGHIS,~J 

; 

ALFONSO CHIRI80GA 
SAN CIEGC CITY SC~CCLS 

·L 

96822 

Q 

48C71 

4100 NORMAL ST, ANNEX. 2 R~ 107 
SAN DIEGO CA 

92103 

E E CHOAT 
UNION CARBIDE CORP NUCLEAR 01~ 
P 0 BOX Y BLDG 9733-1 G 
OAK~ICGE IN 

RICHARD CHORBA 
GAMBL£-~UKrERJI & ASSCC. 
108 NCRTH ABINGTON RD. 
CLARKS SUMMIT PA 

MIKE CHRISTIAN· 

37830 

p 

18-411 

OPPORTUNITY BOARD MbNT~·co~ · 
eox 65 P 
MONT CLARE PA 

JOHN C. CHRISTOPHER 
CONTEMPORARY SYSTEM INC. 
ROUTE 12 
WALPOLE 1\H 

19453 

p 

C3t0E 

A-ll 

KwEI K~ANG CHANG 
UNIVERSITY Gf CENTRAL FLORIDA 
331 PAL~fTl[ C 
CVIEDO FL 

C C CHEN 
SOUl~ERN UNIVERSITY 
P c ecx 978.5 
BATCN RCUGE LA 

GABE ChER IAN 
4200 Ll~II\GSTONE DRIVE 
YORK PA 

CHRIS CHILES 
SOUTHERN PACIFIC 
8210 S FLCWER Sl 
LOS ANGELES, CA 

GAS CO 

32765 

l 

70813 

p 

17402 

L 

90017 

GEORGE E CHITTENDEN JR 
VALENCIA CCMMUNlT~ COLLEGE 
PC ecx 3028 0 
ORL~NDO FL 

32802 

PR Efl, CHCPR ~ 
ARGUNNE NA Tl ONAL 
9700 S CASS AVE 
ARGCRRE,IL 

LABORATORY 
D4 

60439 

S N CHOUCHURI 
CALIFCRNJA ~TATE UNIVERSITY 
400 GCLCEN SHCRE L 
LONG 8EACH CA 

· MR WILLIAM E CHRISJILLE~ 
3534 ROCK CREEK RUN 
SAN ANTONIO, TX 

NIKKI CHUK 
US OCE CHICAGC CPS 
9800 S CASS A\IE 
JOL lET, Il 

90802 

78230 

D 

60435 



LARRY CINAT 
27760 E LARKMCOR D~ 

SOUTHFIELO,MI 

JOHN P. CLARK JR. 
JOHN F. CLARK CO. INC 
139 E. GLENSIDE A'VE 
GLENSIDE PA 

STANLEY D CLARK 
CLAREMONT TENNIS (LUE 
1777 PADUA AVE 
P 0 BOX 848 
CLAREMONT CA 

STANLEY D CLARK 
CLAREMONT TENNIS CLUB 
1777 PADUA AVE 
PO BCX 848 
CLAREMONT, CA 

EDWARD N CLARKE 

c 

48076 

p 

19038 

l 

91711 

L 

91711 

WORCHESTER PLYTECHNIC INST. 
WO~CHESTER MA P 

GEORGE CLELANO 
MIAMI DADE CCMM COLLEGE 
10341 Sk 56TH STREET 
MIAMI fL 

PH ll CLEVELAND 
EASTERN MICHIGAN UNIV 
PHYSICAL PLANT 
YPSILANTI ,M I 

CAROL COChRAN 

0160CJ 

G 

33165 

0 

48197 

OFFICE Cf COMMUNITY ENERGY 
P.o. eox 156 P 
HARRISBURG PA 

17120 

GARY COHEN P. E. 
HASSINGER SCHWAM ASSOC. INC. 
8116 OLD YCRK RO. . P 
ELKINS PARK PA 

19117 

A-12 

JOHN A CLARK 
CENTRAL SCLAR ENERGY RESEARCH 
1200 SHTh ST,SUITE 328 
DETRCIT,foll 

STANLEY 0 CLARK II · 
CLAREMONT TENNIS CLUB 
17.17 PACU'A A~E 
p 0 eox 848 
CLAREMCNT CA 

OR. "JLLIAM E .• CLARI< 
CCNC:CC CCCL OEVELOPI'1ENT 
RESEARCH Cl'VlSlON 
LIBRAR'I' PA 

BARBARA CLARKE 
REAL TECH. REALTORS 
LANDMARK SQ 
SJAft(fORC CT 

PETER CLEARY 

D 

48226 

L 

91711 

co. 
p 

1512'1 

p 

"06901 

59 E 'VA~ BUREN, SUITE 2610 
CHICAGC,IL 

D 

60605 

WILLIAM RODNEY CLEMEALT 
Uf\1~ OF FLORIDA (AG RESEARCHJ 
5007 60TH STREET E 0 
BRADENTON Fl 

R J CLOSE 
WILSHIRE DIVERSIFIED· .INC 
400 NORTH CENTRAL AVE 
GlENDALE CA 

ALAN M. COhEN 
NE~ ENTERPRISE INST~CRAS 
246 CEE~ING AVE 
PCRTLANO ME 

RCGER L CCLE 

33505 

91209 

p 

04102 

ARGC~NE NATIONAL LABORATORY 
9700 S CASS A'VE,BlOG 362 0 
ARGCNNE,IL 

60439 



I 
L 

RICHARD L COLEMAN 
PO BCX 1909 
WINTERHJ!~EN FL 

wALTER C COLLINS 
ARVICA CORP 

33880 

800 E BROWARO BLVO,SUITE 407 C 
FT LAUDERDALE,Fl 

LEONARD CCLTON 
COLTCN SOLAR 
BOX 4'15 
LAKE ARROWHEAC,CA 

MATTI CONES 
ABS PROGRAM-CARNEGIE 
MELLON UNIV. 
PIHSBURGH PA 

CARL CONNER 

33301 

L 

92352 

p. 

15213 

OFFICE OF SOLAR APPLICATIONS 
20 MASSACHUSETTES AVE 04 
WASHINGTUN,DC 

REGINALD R CONNOR, 
ENE~GY ENGINEERS 
PO BOX 72 05 
TYLER,TX 

wiLLIAM J. CGNWAY 

2054.5 

G 

75711 

GOTHAM SUPERVIS~RY CCNSTR SERV 
103 P~RK A~ENUE F 
NEP!I YCRK t\Y 

JEFF COOK 
COLLEGE Of ARCHITECTURE 
ARIZONA STATE UNIVERSITY 
TEMPE, AZ 

W .ll Ll AM G C GOP E R 
SOLAR DESIGN SYSTEMS 
BOX 1·68'1 
FCRT PIERCE,FL 

10017 

c 

85281 

G 

33450 

A-13 

EDWARD C. COLLINS 
CAMPHlll VILLAGE USA INC 
COPAKE NY 

ALBERT H COLliN 
19281 SIERRA INEZ ROAD 
IRVINE CA 

GERALD loi COMPTON 
ENVIRCNMENTAL DESIGNS 
200 PIER A\IE 89 
HERMCSA.BEACH CA 

CHRISTOPHER J. CONNELLY 
2049 MAIN ST. 
GLASTCNBURY CT 

ChARLES P CONNER 

p 

1.2516 

L 

92715 

L 

90254 

p 

06033 

WESJERN MUTUAL ESCROW CORP. 
2428 N GRAND AVE. SUITE L L 
PC ecx 10398 
SANTA ANA CA 92711 

RICHARD CONRAD 
kiLSON & CCNRAO AlA 
603 h GJA I AVE 
PC ecx 186 
OJAI CA 

GREG CCOK 
U.S. DEPT. CF ENERGY 

L 

93023. 

350 S. FIGUEROA ST. SUITE 285l 
LOS ANGLES CA 

90042 

JOHI\ CCOPER 
INTERLOCAL COMMUNITY ACT PROG 
1933 SO 18TH PO BOX 644 D 
NE._ CASTLE IN 

HARRIS L. COOPERMAN 
EDMUND SCIENTifiC CO. 
101 E. GLOUCESTER PIKE 
BARRINGTON NJ 

47362 

p 

08007 



JAY CCOPE~SON 
CCCPERSCN ERECK AS SOC 
P.G. BOX 65 p 
MONTCHAHIN DE 

lq110 

CHARLES CCRCCRAN .. 
NORWESCAO INC. 
PROSPECT ST. p 
PHILLIPSEU~G 1\J 

05€65 

BRUCE COSTANZO 
BALCC~ GENERAL CONSTRUCTION 
339 EAST ST C. 
BUffALO NY 

14207 

JGHN EDWARD CCTTC,..GI~ 

SOLAR ENERGY INDUSTRIES ASSOC. 
1001 CONNECT ~VE N~ SUITE 800 
wASHINGTON D.C. P 

PHIL COUI.,. T ER 
HUMBER COllEGE 
56 QUEEN ELIZABETH BLVD 
TORONTO ONTARIO, CANADA 

RAPHAEL h. CUURLAND 
MAURICE CCURLAND £ SCNS 
2112 BRCACWAY 
NEw ¥CRK NY 

OR DEloiAYI\E COXCN 
JOf!DAf\ COlLEGE 
360 W PINE 
CEDAR SPRINGS MI 

MARVIN CRAMER 

200.3t; 

c 

fi,821Ml 

p 

10023 

[) 

4931S 

ESSEX CHEMICAL CCRPCRATICI\ 
lCRCSSMAN RD.SOUTH 
SAYREVILLE NJ 

G 

08872 

RANDOLPH R. C~OXTON 
CROXTCN CCllAECRATIVE AR(f. 
16 EAST 84 ST~ P 
NEW YCRK 1\Y 

10028 

A-14 

JUDY CORBETT 
WESTERN SUN 
C/C SOLAR CAL q21 lOTH ST l 
SACRAMfNTC·CA 

q5814 

JCNATHAN B COSTA 
HiECREM CORP. 
6q7 E BRCKAW RD. l 
SAN JOSE CA 

95112 

FREDERICK A. COSTELLO 
FRECERICK A. ~OSTELLG lNC. 
12864 TE~KSBURY OR p 
HERNDON 'VA 

WALTER N CCUCHMAN 
CCUCHMAN PROJECT GROUP 

22070 

999 E VALLEY Bl~O APT 37 l 
AUiAP!BPA C A 

NEHAMA N COURLAND 
MAURICE CCURLAND & SONS 
2112 BROAOl!IAY 
NE~ YORK NY . 

DAVID B. CCX 
EDMUND VAN DYKE CGX AlA 
400 HEBRCN AVE. 
G l ~ S J'C N BUR V C I 

LEX IE I< COXON 
JORDAN COLlEGE 
360 " PINE 
CEDAR SPRINGS Ml 

PtlER M CREELMAN . 
E~VlRl-ENERGY SYSTEMS 
2701 Sw 27TH CT 
MIA~I. Fl 

DAVID J. CUfF 

91801 

p 

1002.3 

p 

06033 

0 

49319 

0 

33133 

TEMPLE UNIV. GEOGRAPhY DEPT. 
BROGO A~O COLUMBIA P 
PHIUIOELPHIA PA 

19122 



r-------------------------------------------------------------------------·----------

JOSEPH CUllEN ' ' 

CARNAl ION ~.ES E.ARCt-! , . 
801 VAN NUYS 
VAN NUYS CA 

JOSEPHINE A CUMMINGS 
SOUTHERN CALIF GAS CC 
P 0 BOX 3249 TERMINAL ANNEx·· L 
LOS AI'\GELES CA 

c;oo.51 

JOhN A CURRY 
i.t I . 

JOHN A CURRY & ASSOC,ARCH~INC 
325 CRAWFORD STREET C 
TERRE HAUTE IN 

47S07 

EO O'ARC.ANGELIS r.. 
CONNECTICUt SOLA~·COALIT.tiN 
46 GLENDALE CIRCLE P 
5TAMfCRO CT 

CHARLES C DAHL 
VENTURA CCLLEGE ,, .... 
3613 WILLOWICK ORIV~'· 
VENTUIU CA 

P R OAMSHALA 
410 WICK AVE,YSU 
ESB #207 
YOUNGSTOWN OH 

OR OAUTOVICH 
ONTARIO HYDRO 
700 UNIVERSITY AVE H7-f2 
TORONTO,ONTARIO,CANAOA 

06906 

l 

·1.;' 

c 

'e4555 

{) 

M5G146 

.... 
BRADLEY R. DAVIS;.: .. .'.,,, .. • J. , .• 
MEENAN OIL CCMPANY INC. 
LEVITTOWN PKWY P 
LEVITTOWN PA 

1905~ 

MR & MRS LEONARD EARL DAVIS· 
11130 ~ALLET tRIVE 
SAN ANTONIC, TEXAS 

78216 

A-15 

JCSEPH W CULP 
CAROLINAS HOSPITAL HEALTH SERV 
1332 BAXTER Sl PO BOX 4587 0 
CHARLOTTE,NC 

H WILT CUNNINGHAM 
GILBERT CCMMONWEALTH 
209 E RASHINGTO~ ST 
JACKSON, Ml 

RCB CUSCADEN 

D 

HOME IMPROVEMENT CONTRACTO~ 
300 R ADAMS 0 
CHICAGO ll 

ERNEST l;lAESCHlER 
CCOPER CAR~Y &. ASSOC 
18.19 PEACHTREE 
ATLANTA.,GA 

CONSTANTINE G OALLAS,AIA 
1126 MORSE AVE 
CHIC.AGC ll 

LEE ANNE DANIEL 
TRIANGLE TECH 
635 SMITHFIELO STREET 
PITTSBURGH PA 

GERALD A DAVIDSON 

60606 

c 

30309 

0 

p 

1.5;222 

GERALD OAVIDSCN CONSTRUCTION 
221 WOCDkARO RD 0 
BIRMINGhAM,Al 

FORREST .DAVIS 
85 GfCATIST 
MT CLEMENS Ml 

JOHN DAkSON 
3335 GREENLEAf BLVD 
SCLA~ Ufi!LIMITEO 
KAL.AMAZO Ml 

3.5228 

; . 

D 

48043 

0 

49008 



DlCK CE RUSHA 
PERSONAL PROG~AMMING SERVICE 
14600 GOLCEN~ESJ Sl ~116 L 
WESTMINSTER C~ 

q2683 

ROBERT OEBOARC,AIA 
KIVE1T & MYERS ARCH & E~GRS 
6000 LAKE ELENGR OR SUITE 1000 
ORLANCO,FL 

•GEORGE E OEBOULIS 
WHITMAN RECUARD & ASSCC~ 
1111 N ~ C H A R.L E S S H~ E E T 
BALTI~CRE MD 

ROGER E CEHUS 
MARTIN MARIETTA AREOSPACE 
423 FIRST ST 
NEill CRLEANS LA 

JEFF OELAUNE 

3280S 

p 

21201 

(i 

70130 

BROWN LO ENERGY CCNSERVATICN 
BOX 684 0 
GREEN BAY WI 

54305 

BEN DENGLER 
32107 LINDERO CANYON SUITE 20S 
WESTLAKE VILLAGE CA 

JAMES M. DENNISON 

L 
91361 

AMERICAN SOLAR RESOURCES LTC. 
zq CLCVER OR . P 
SMITHTOloiN NY 

DAVID J DERNBACH 
ATA 
424 E 4TH ST 
CINCH\NATI, OH 

MICHAEL P. CEVER 

11787 • 

0 

45202 

MIChAEL OEVE~ MCME IMPR. CCNSl 
8 STONE RIDGE ROAO P 
THORNTON P~ 

19373 

A-16 

------ -----------. 

MIKE DEANGELIS 
SOLAR ENERGY RESEARCH INST 
1536 COLE BLVD 0 
GGLDEN,CG 

GUY H OEBOO 
SARGENT & LUNDY ENGR 
524 N SHERIDAN RC, #38 
EvANSTON IL 

AZIZ DEHKAN 
DEHKAN fARMS 
132 NEkTCN-SPARTA ROAD 
NE~·TGN NJ 

CHAS J DELANEY 
4117 S._ 20TH AVE 
GAII'tES\IIlLE,fl 

CHARLES DELISIO 

80401 

0 

60202 

p 

07860 

0 

32601 

ERWIN AND AKERS ARCHITECTS 
712 BENECUM-TREES BUILDING 
PlTTSBU~GH PA 

p 

ALBE~T M DENNIS 
STAlE CF CALIFOPNlA 
4186 lAIRD RO.AO 
lCCMIS CA 

BILL DENNY 

15222 

L 

95650 

SOUTHERN SOlAR ENERGY CENTER 
2300 PEACHFORD RO SlE 1250· 0 
ATLANJA,GA 

MR K DEUTSCHER 
GENERAL MOTORS INSTITUTE 
17·0 0 W T H 1 R 0 A V E 
FLI~T MI 

THOMAS J. DE\IER 
8 STCNE RIDGE RCAD 
JHCRNTUN PA 

30338 

0 

48502 

,P. 

19.373 



wiLLIAM 01 PIETRA 
P.O. BOX 267 
CAl~AN PA 

~~UCE A OlEAtRICK 

p 

18S15 

HUGHES JR HIG~ SCHCCL LAUSD 
6620 BIRChTON AVE l 
CO~CGC PA~K Ct. 

BERNARD C.lfL0.4E 
300 CITY HAll DRIVE 
BALLWIN MC 

RONALD S DILKS 
219 BROAD ST. 
SWEOESBORC NJ 

THGMAS J C ILLCN 
DILLON INTERNATICNAL,INC 
733 kfST MARKET ST 
AKI<ON OH 

91307 

63011 

p 

0808.5 

D 

44303 

MILTON J. OINHOffER 
GREENhOUSE SALES t INSTIN. CO 
107 WEST~COD CIRCLE P 
ROSLYN HTS NY 

11571 

RALPH OlTCH 
ARGONNE NATIONAL LABCRATCRY 
9700 s CASS AVE l 
ARGCNI\E Il 

~043Ci 

CAN DIXON 
743 N. PGTTSTOwN Pli<E 
LIONviLLE PA p 

19353 

STEVE DIXON 
COMMUNITY ACTCN COM OF PIKE co 
109 THIRD ST c 
PIKETCN OH 

45661 

A-17 

W R DICKSON 
DlCKSCN & .4SSCC 
125 EARl ST 
HUNTSVILLE,AL 

c 

35805 

RCLAND H. DIEFENDERFER JR. 
DELMARVA PC~ER t LIGHT CO 
800 KING SlR. PC BOX 231 p 

W IU"'NGTCN DE 
19899 

BOB DIKKERS 
NAT'l BUREAU Of STANDARDS 
BLDG 2Z5 ROOM A114 · OOPL 
wASHINGTON DC 

MIC~AEL G. DILLING 
SOLARCRETF. CORP. 
7505.SUSSEX CR. 
FLCRENCE KY 

NILES DINGMAN 
CC~~ERCIAL AIR CO~O,CO 
39l5 WEST 73TH AVE 
wESTMINSTOR CO 

PETE~ CISlMILE 
AMERICAN ENERGY SYSTEMS 
102-1a 64 ~we. 

f 0 RES T h I ll S NY 

JOSHUA OlXCN 
200 ~ GO ST 
NYC t-tY 

JAMES DIXON 
200 w. qo ST. 
N'tC NY 

JIM DGOC 
WYLE LAI:lOICATORiES 
2.361 JEFFERSON DAVIS HGWY 
ARLINGTON 'JA, 

20234 

p 

41042 

D 

80030 

p 

11375 

p 

10024 

p 

10024 

L 

22202 



BILL DCLLARS 
LENNGX INOUSTRIES,INC 
1600 METRO OR 
CARRCLLTCN TX 

FUCCI OOM 
OEP. CF LOCAL GCV'T 
909 LEAWOOD OR 
FRANKFORT KY 

FRANK J. DCMENICK 
131 WATCHUNG AVE. 
PLAINFIELD NJ 

c 

75006 

40601 

p 

07060 

VERCNlKA W OO,INIK 
COMMERCE S INDUSTRY DEPT . 
234 ANITA Pl l 
SANTA FE 1\M 

GEORGE T CONNELLY JR 
20969 II'WlAN 

SOUTtifiELO MI 

BRUCE DOUECK 

87501 

0 

48034 

JACKSCNVILLE ELEC AUTHO~(T~ 
233 W DUVAL ST 
JACKSCNVILLE,FL 

MIKE DOUTT 
TE~N TECti UNIVERSITY 
PO BOX 6153 
COOKVILLE TN 

NORM DOWNING 

32202 

c 

38501 

TRUMBULL CO BC OF E6UCATitN 
140 FRANKLIN ST,SW . 0 
WARREN, CH 

J PLEAS OOYLE 
S I MORRIS ASSCC 
3465 W ALABAMA 
HOUSTON,TX 

44482 

·: ( 

71021 

A-18 

J C S E PH /J • C C LL ART 0 N .. 
A~LSTAlE RGCFiN6 i·~IrijNG CO. 
1522 ~LD YORK RC P 
ABINGTON PA 

CAVlU f OGMBRCSKI 
RCSSEN NE~,AN ASS~C AlA 

19001 

19675 ~ TEN MILE RD SUITE 3010 
SCUTHFIELO, MI 

C J DOMINII< 
CUSTCM G SOLAR hOMES 1NC 
234 ANITA Pl 
SAI'tlA FE NM 

WILLIAM F. DONAVAN 
DCNAVAN P t H ' 
194 GLENCOE RD. 
UPPER DARBY PA 

ERNEST l DOUB JR. 
CHAFFEY COMMUNITY CG(LEGE 
5885 HAVEN AVE 
ALTA LCf~A CA 

48075 

l 

87501 

p 

19082 

L 

~1701 

VINCENT DCUICG ... 
CENlEN~IAL .~CHDGL. DISTRICT 
STREET RD. & MADISON AV~~ 
)IAR~INSTER P/l 

p 

G. GREGORY CO~EY AlA 
247 S. MAIN ST. 
CHAMBER SBU·RG PA 

RALPt- C OCWNING 

18974 

p 

1.7201 

El CU PCNT OE.NEMOURS t CC 
PElRCCHEMICALS DEPT FREON PRGO. 
WILMINGTON DE P 

LAWRENCE DRAKE 
1701 kALNUT. ST. 
PtHlA. PA 

19898 

p 

19103 



TIMCT~Y J. DRIStOLL 
LONG ISLAND HIGHTING 
175 CLO CCUNTRY RO 
HICKSVILLE NY 

JOSEPh DUFF 
JOSEPH F. DUFF 2ND BLOGS. 
RIVER RO RT 2 E!CX 195-C 
HOLTWCOO P~ 

ERIC CULL 

p 

11801 

p 

17532 

LI~~ERMAN CONSTRUCTION CC. 
P.c. eox 303 p 

BLUE eELl PA 

ANDREW R OYER 
DATA-DESIGN LABORATORIES 
P C BCX 102 
ALTA LCMA CA 

JOHN CZIURMAN 
STRAUE!,VANOJNE,OliURMAN 
1441 E MAPLE 
T~OY Ml 

JIM feY 

19422 

L 

91701 

0 

48084 

HOUSING OEV CORP GF LANCASTER 
8 N QU~EN ST. SUITE 701 P 
LANCASTER PA 

17603 

C \11 ECKARDT 
1.3 TRAVIS RD 
NATICI<,MA ( 

01760 

JOE EDWARDS 
TRI COUNTY TECH CCLLE'E 
PO BOX 587 
PENOLETON,SC 

WILLIAMS M EDWARDS 
M. C NCTTINGHAM CO OF CALIF 
890 S A~RCYO PKWY 
P C BCX 1001 

( 

L 

A-19 

LYNN J DRURY 
LYNN J DRURY AlA ARCH 
413 SIXTH ST 
MORGAN CITY, LA 

FREOERICX H. DUFOUR JR 
CCR~ELL UNIVERSITY 

70380 

P.O. BOX 191 59 N. MAIN ST. P 
LIBERTY NY 

DUNLOP JOHN R 
MN SCLAR' OFFICE 
980 AMCNTR BLDG 
ST PAUL MN 

RANDY OYER 

12754 

55101 

SOLAR ENERGY INDUSTRIES ASSOC 
1001 CONN AVE N~ SUITE 800 0 
WASHINGJ.CN, DC 

JAMES L EASTERLY 
7600 OLD SPRINGHOUSE RD 
MCLEAN VA 

GREEN L ECHOLS 
4937 W .5TH AVE 
GARY IN 

CATHY ED'-iAROS 
WESTCHESIER COMMUNITY 
17 WYOMING AVE~ 
kiHTE PLAINS NY 

RH ECWAROS 

20036 

0 

22102 

0 

46404 

p 

10607 

· NAT 1 L AERONAUTICS & SPACE AOMI 
C~OE L-G P 
WASHINGTON DC 

SAM EH14LICH 
0 M S M 
3250 WILS~IRE BLVD 
LOS ANGELES CA 

20546 

L 

90010 



WILLIAM EISELE 
TRI STATE G t T 
12076 GRANT Sl 
THGi<NHJI\, CO 

ANDREW ELLIS 
HUMBER COLLEGE 
56 QUEEN ELIZABETH Bl~D 

TORONTG,ONT CANADA 

( 

80241 

M8ZlM 1 

ADEL ti El T IMSAHY 
UNIVERSITY OF TOLEDO 
ELECTRICAL ENGINEERING DEPT 0 
TGLEDC OH 

436"<)6 

EHRIT ELLEN E~~ICH 

SANTA FE CGMML~ITY CGLLEGE 
3114 NW 14TH ST 
GAINES~ILLE,FL 

(j 

RCBERT 0 ENGEL 
UNIV Gf RECLANDS 
1200 E CGLTCN AVE 
REDLANDS CA 

JOHN C. ENGLE 

32605 

l 

9237.3 

INTERNATIONAL BUSINESS SERVIC. 
1010 VERMONT AVE NW SUITE 1010 
WASH CC P 

WILLIAM ENGliSh 
PC BC)C 30221 
LANSING· Ml 

BURT ENG 
MEAS OEPT,COLLEGE OF ENGR 

20005 

D 

48909 

UNIV Cf CENTRAL FL BC~ 25000 C 
GRLANDC,Fl 

32Blt 

PAUL ERHARTIC 
NORTHEAST SOLAR ENERGY 'CENTER 
10 MEMC~I~l DRIVE P 
CAMBRIDGE MA 

02142 

A-20 

C A ElliNGHAM 
W R FRIZZEll ARCHiTECTS INC 
SUITE 5 200 •EST WELBOURNE AVE 
WINTER PA~K,Fl 0 

32789 

ECWARD E Elll S 
PUBLIC SERVICE CO Of COLORADO 
P c eox 840 L 
DEN\ifR CO 

80201 

RGBEIH G ELVES 
AIR FORCE ROCKET PROPULSION LB 
AFRP4 TEAC STOP 24 l 
EOhARDS AFB CA 

MR. JAMES EMMONS 
30 ELM ST. 
WOGOSTCCK \JT 

DAVE ENGEL 

93523 

p 

05091 

SOLAR HEAT & COOL DEMO PROGRAM 
DEPT Gf HUO RM 8158 0 
WASHINGTON,DC 

20410 

JGHN ENGLEBERGER 
32 SO~TH LAFAYETTE AVE. 
MERRISVILLE PA P 

RONALD K ENHOLM 
NEPTUNE & THOMAS ASSOCS 
1560 W CCLORAOO BLVD 
PASADENA CA 

DON ERAT 
18100 FREDRICK PIKE 
GAITt-:ERSBURG MO 

KATti'Y ERICKSON 
VA OIVISICN OF ENERGY 
310 TURNER RC 
RICHMGNC,VA 

19067 

L 

91105 

D 

20760 

0 

23225 



BILL ERICSON 
MANSFIELD STATE COLLEGE 
GRANT SCIENCE CENTER 
MANSFIELD PA 

HOWARD A ESTES JR . 
49071 DENTON ~D #206 
BELLEVILLE MI 

RICHARD EVANS 
VITRO ENGINEERING 
BOX 2«36 
RICHLAND WA 

WILLIAM L EVERHART 
HOYEM BASSO ASSOC 
25 W LONG LAKE RO 
BLOCMfiELD HILLS Ml 

CHARLES FAIRHURST 

p 

0 

48111 

l 

99352 

48013 

DEPT OF CIVIL & MINERAL ENGR 
112 MINES & METALLURGY 0 
f41NEAFOLIS MN 

JIM FANG 
CARNATION RESEARCH LAB 
801 VAN NUYS CA 
VAN NUY S CA 

LEO R. FARREN 
THE MITRE CORP. 
P.o. eox 2oa 
BEDFORD MA 

OR. JULIUS FElT 

55455 

l 

91412 

p 

01730 

CITY CF UNIV. NEW YORK 'CC ••. 
BAYSETE NY P 

JACI< FELSCN 
SUNGCLO SCLAR 
1555 N CUYAMACA 
EL CAJON CA 

11364 

l 

92020 

A-21 

BOB ERWIN 
SOUTHERN SOLAR ENERGY CENTER 
2300 PEACHFORD RO SUITE 1250 
A'TLJ\NTA,GA 

30338 

IU:NE E\IANS 
ENVIRONMENTAL PROTECTION COMM. 
1900 Nl.~TH AVE C 
TAMPA,FL 

33615 

ROBERT J EvANS 
AIR CONDITITIONING REFRIG,·INST 
1815 N FCRT MYER DR D. 
ARliNGTON VA. 

KERRY FAIGLE 
UTAH STATE ENERGY OfFICE 
231 EAST 400 SOUTH 
SALT LAI<E CITY UT 

WAQICI FALICOFF 
SOUThWEST SCLAR CORP · 
441 N CAK ST 
11\GLEWOOO CA 

JOSEPH T. FARINA 

22209 

L 

84111 

l 

90301 

ECkARD. C OER~Y AIA-A~CHITECTS 
SUITE.l07 100 C~APMAN RD P 
NEWARK . OE 

IZETTA FEENY 
PACIFIC GAS & ELECTRIC CO 
6072 FREDRICKS RO 
SEBASTGPCL CA 

ROBER'T E FELDTKELLER 
CAP Jl Al DESIGN 'GROUP 
P c ecx CJ62 
PAlOS VERDES EST CA 

19702 

L 

95472 

l 

90274 

WllliA~ O. FERGUSON 
DElMARVA POWER & LIGHT CO. 
800 KINK ST PO eox 231 
WIUUNGTGN DE 

p 

19899 



KNOiL TON FERNALC 
KNOWLTON FERNALD ARCHITECTURE· 
1201 MARIAN. LANE l 
NEWPORT BEACH CA 

9266C 

CHARLES L FERRERA 
3050 PENCBSCGl BLDG 
HURON-CLENTON METRGPOLITIAN 0 
DETROH,MI 

4822l: 

THOMAS P. FIOANCE 
WAYNON & FIOA~CE ARCHITECTS 
1035 PHILAbELPHIA PIKE P 
WILMINGTCf\ DE 

ROSALIE A FIMEEL 
CPPT & INDUST CENTER 
229 E MARIPOSA 
STOCKTON CA 

BRUCE E FISHER 

l 

c:l5204 

ENERGY TECH ENGINEERING Cf\R 
PO BCX 1449 L 
CANOGA PARK CA 

91304 

BONNIE FLAKE 
CONT ED & SOLAR CCNFE~ENCES 
715 STADIUM OR BOX 79 C P 
SAN At\TCNIO TX 

PAUL H. FLICKINGER 
FLICKINGER ENTEHPRISES 
P.O. BOX 276 
READING PA 

VAUo!ORE P FOGLE 
NASA/GEO C MARSHALL 

78284 

p 

19603 

SPACE FLIGHT CENTER ATTN FA33D 
MARSHAL SPACE FLIGHT 

~8512 

KEN FCRD . 
CENTRAL FLORIDA REG PLANNING 
PC BCX 2089 515 EAST BLVD C 
BARTC~,FL 

33830, 

A-22 

CHRIS FERRARA 
VILLAGE Of BARRINGTON Ill 
206 S. HONGH 
BARRINGTON Il 

RCNALO W FESSlER 
1806 PENWGCO OR 
KNOX\IILLE,TN 

GAlE A fiElDS 
TOM MOON & ASSOCIATES 
2234 NEWPORT Bl~D 

NEWPCRT BEACH CA 

H BRUCE FINKELSTEIN 
ARCHISTRUCTURE INC. 
12 BRANCHWOOO CT. 
PIKESVILLE MD 

KEN fl SKE 
DRAWER BC 
CRESTLINE CA 

WILLI AH FLEAGLE 

p 

60010 

0 

37922 

L 

92663 

p 

21208 

l 

92325 

BALTIMORE GAS £ ElECTRIC CO. 
1508 WCCOLAWN OR. P 
BALTIMORE MO 

TIM FLYNN 
1168 DAVIS 
REOwOOC CITY CA 

JOSEPH fO~O 
6Qq PARK LANE 
W'tNCCTTE PA 

RICHARD FORD 
PO BOX 1035 
TCLEOG OH 

21207 

l 

94061 

p 

lqQ95 

0 

43666 



JACK ~ FORRESTER 
39517 BALBOA 
STERLING ~EIG~TS ~~ 

DUDLEY FOSTER 
ELECTRIC CCNSlRUCTICN CC 
38114 6TH STREET EAST 
PO BOX 1028 
PHMOALE CA 

L J FCSTER 
ELLICT-LEWIS CCRPCRATICN 
2701 GRANT AVE. 
PHILADELPHIA PA 

MARK FCWL ER 
DECENTRALIZATION STATION. 
866 N NINE ~ILE RC 
SANFORD, Ml 

LEE FRAKES 
FRAKES INDUSTRIES 
2555 SYKES CIR RO 
WI~ER, OR 

FRED FRAf\RENFIELD 
THE HEDBACK CCRP 
1835 N NEW ~ERSEY ~T . 
INOIANAPCLIS IN 

JOSEPH FREDA 

c·· 

48078 

6 l 

c;355C 

p 

1<1114 

c 

48657 

l 

<)7537 

c 

46202 

NORTH SHORE SCIENCE MUSEUM 
1526 N. PLANOCME p 
PLAI\DCME fJANCR NY. 

11030 

BILL FREEE!OFINE 
SOLAR HEAT & CGCLING DE~C~ PRC 
DEPT hUC ROOM 8158 P 
WASHINGTON DC 

20410 

NAT FRENCH 
NEkFCUNOLANO CEPT CF MINES t E 
P.C. BOX 4750 ~ 
ST. JOHNS NFLC CANADA 

AICST7 

A-23 

OCN FOSTER . . . 
Et\ERGY MANAGE~EI\T· COR'P·. 
59 0 <) S h El D Y C A K S o·.R iV E' S,TE·: 1 0 0 
MEMPHI~,TN · 

GERALD FOSTER 
IVY TECH QF INDIANA 
l54lt: CLD ST:ATE: RO 
EVAt-.SVILLE IN 

JilllARD FOSTER 
<1411 LAMONT ST 
CIVctdA Ml .. 

LEE FRAKES 
FRAKES INDUSTRIES 
2555 SYKES CR RC 
WIMER GREGON 

RCBERT l FRANK 
OETRCIT'~CISON CO 

,'• 

38134 

47711 

0 

48150 

L 

97537 

2000 SECONC AVE,RM 348.WCB ·O 
OETRGIT Ml 

48226 

LLOYD FRASIER 
COOSA Vi((~y· PLANNING COM 
PC CRAWE~ ~ JACKSON Hllt OR 0 
ROME,GA. 

30161 

lEAFIE FREDA 
NCRTH SHORE SCIENCE MUSEUM 
1.526 t-o. PLANOCME 
PlA~DCME MANCR NY 

p 

11030 

HAR~IS F FREEDMAN 
BCEING 
PO BOX 3707 MS.3T 10 
SEATTLE ftA 

L 

98124 

ANNA FA~ FRIEDLANDER 
EOITCR,SCLAR ENGINEERING MAG 
8435 N ST~~MONS ~REEWAY . L 
SUITE 880 
CALLAS, :TX 75247 



MELVIN 0 FRIESEN 
SUNFLCWER ENERGY WCRK~' 
30~ S MAl N 
HILLSBORO KS 

RONNH J FRIESON 
5580 DICKERSON 
DETPCIT MI 

JUCGE H FPOST 11 
SUN W~Y CG 
1796 ELBERON AVE 
EAST CLEVELANC O~IG 

GECi<GE S FULKS 
G S FULKS AND ASSOC 
4118 CANYCN CREST RC 
ALTADENA CA 

RICHARD FUELGNG 
DEPT OF ENERGY 
20 MASSACHUSETTS AVE 
WASHINGTON DC 

SHELLY FURTH 
MEYER JOHI">STONE 
1404 FRAII<:KLIN ST 
SUITE 420 
OAKLAND CA 

MICHAEl GALLAGHER 
U.S. COAST GU~RO 
1 SOUTH LAFAYETTE -ST. 

·cAPE ~AY NJ 

CHERYL GARBUKAS 
PO BOX 30221 
LANSING MI 

HOWARD OAN GARGES 

I ,•. 

c 

67063 

c 

48213 

l 

44112 

l 

91001 

20545 

L 

94612 

p 

08204 

c 

GARGES SOLAR ENGR & CCNSTR. 
858 MYERS'RO. F 
CHALfONT PA 

18S14 

A-24 

MARK FRIESCN 
5580 OICKEJ(SON' 
DETRCIT MI 

STEPHEI\ FRCOEY 
FROLCCK ENTERPRISE 
14 NCRT~ HILL RD. 
BALLSTCN LAKE NY 

HIDEC H FUJII 
436 ~ CCLUMB JA 
OEHCIT Ml 

Bill FURLCNG 
PAYNE AiR CONCITIGNING CO 
16950 EAST CHESTNUT Sl 
CITY ·OF INDUSTRY CA 

D 

482.13 

p 

12019 

D 

48203 

l 

·91749 

PAUl J FURR 
DEVILLE & ASSCC,fNC 
412 NO NUll ST PO -BCX 41860 0 
MONTGCMERY,Al 

36104 

JAMES GAETKE_ 
GAETKE PARTNERS ARCHITECTS 
4148 CCNRAO CR l 
SPRI~G 'fAlLEY CA 

92077 

JOAN M GALLI 
THE hETLANOS INS111LTE INC 
sex 3<18 p 
STONE liARBCR NJ 

GEORGE W G~RDNER 
CITY OP·AN~ ARBCR 
100 NO FIFTH AVE BOX 8647 
ANN ARBOR.Ml 

ROGER GARIANO 
18652 LASSEN ST 
NCRTHRIOGE CA 

08247 

0 

48108 

L 

91324 



EDWARD GARLAND 
CEW GENE~AL CCNTRAC.TING CO 
23-35 81 ST. . P 
JACKSON HTS NY 

11370 

FRED T GARRETT,JR 
J E SIRRI~E CC. ENGINEERS/ARCHS 
PC BOX 5456-B C 
GRf.ENVlLLEtSC 

A. GAUGHAN 
BRlDEPORT-TEXTRCN 
200 PRECISION ROAO 
HORSHAM PA 

KARLE A GEARHART 
GEARHAROT EROS MECH CCNT 

2961.5 

p 

19044 

1015 3RD NG 20 L 
SANTA MCNICII CA 

JOHN C. GEl ST 
VITRO LASORATCRIES 

90403 

1400 GEORGIA AVE. P 
SILVER SPRING MD 

G L GENDlER 
111 NEW MCNTGCMERY 
ROOM 201 
SAN FRANCISCO CA 

ROBERT E. GENlER 

20910 

l 

94105 

GENTER ENGlNEER ING ASSOC. INC.. 
P.o. ecx 637 P 
PAWTUCKET Rl 

02862 

WILBUR GEORGE 
PASADENA C OMM ARTS CENTER ,, 
360 N ARROYO E!L \10 : L 
PASADENA, CA 

ROBERT H GERHART 
CITY OF TUCSON 
4004 S PARK AIJE 
PO BOX 27210 
TUCSON AZ 

91103 

L 

85726 

A-25 

0 l GARRETSON 
PLATEAU INC 
BOX 108 
FA.Rf! lNG TON NM 

CARCLE GATES 

D 

87401 

DOE SAN FRANCISCO OPERATIONS 
1333 BRCADWAY L 
OAKLAND CA 

JAKE R GAULTNEY 
WOLFE CC INC 
8338F COMMANCHE NE 
ALBUQUERQUE NM 

ARTHUR GEBART 
DHUD 
6502 N CENTRAL 
A 202 
PHOENIX Al 

BERNARD GEMBINSKI 
PO BCX 15830 
MALL STOP 73 
SACRAMENTO, CA 

• 

GERALD GENRICH 
ROSSETTI ASSOC 
601 kASHINGTON BlVO 
DETROIT Ml 

PASADENA CCMM ARTS CENTER 
360 NORTH ARROYO BLVO 
PASADENA CA 

MICHAEL GEREK 
GAMBLE-MUKHERJI t ASSOC. 
108 NORTH ABINGTON RD 
CLARKS SUMMIT PA 

ROBERT GETTS 
BERKS CCUNTY AUTS 
290D ST. LAURENCE AVE• 
READING PA 

94612 

L· 

88110 

L 

85012 

t 

8.5813 

D 

48226 

t 

9110.3 

p 

18411 

p 

19606 



AllEN GEZELMAN 
SOLAR ENERGY CONSULT~NTS,INC: 
4315 W KENNEDY BLVD C 
TAMPA,Fl 

3360S 

R L GIBSCN •~ 
NM INS~ OF MI~ING ANOJTECH 
CAMPUS STATICN l 
SOCORRO NM 

e GILBERT 
NEW DAWN DESIGNS 
PO BOX 3741 
MANHATTAN BEACH CA 

CHARLES GillEt\ 
TOMPKINS CEVELCPMEI'\J 
601 s SEMORMi . BLVD 
ORlANOG,fl 

JGHN I< GilliES 
4068 BR Atil ST N0'2 
SAN DIEGO CA 

MR. FRANCK J. GINTHER 

87801 

l 

<i0266 

co Cf FL~ 
{ 

32801 

. i ·~. 

l 

92103 

EAST GREENBUSh PLUM!ING & HEAT 
34 OLD TROY l<lC. ·· p· 
EAST GREEN BUSH NY· 

STUART M GLEM~N 
FLA SCLAR ENERGY C~I\TER 
300 STATE ROAO 401 ,. · 
CAPE CAN~VERAL,FL 

LEONARD GLICKMA~. 
3001 NORTH BAl RC 
MIAMI BEACH, fl 

WILLIAM J. GCCDARD 
KLING-LINDQUIST INC. 
1401 ARCH STREET 
PHILADELPHIA PA 

l206l 

·c 

32ej2C 

( 

33140 

. p 

19102 

A-26 

OAVIC GieSON 
RA SCLAR CONSUlTANTS 
PARK 20 WEST BLOUNTSTOwN HkY 0 
TAll~HASSEE,FL 

32304 

STEPHANIE Giese~ 
NORTHEAST SOLAR ENERGY CENTER 
70 MEMCRIAL CR. P 
CAMBRIDGE t~,A 

C F GILBC 
201 E. RCSS ST. 
LAI\CAS J ER PA 

DREw GilLE IT 
NORTHEAST SOLAR 
70 MEMCRI~l DR. 
CAMBRIDGE MA 

SUSAN s. GILMORE 
UN IVERS lTV CITY 

ENERGY 

SCIENCE 
3624 SCIENCE C EI\T ER 
Pt-iiLAOELPHlA PA 

ALAI\ S. GLA.SSMM\ 
ARMSTRONG CGRK CG R & 0 
2500 CCLUMBIA AVENUE 
LANCASTER P~ 

EO GLEI\N 
HC~IZCI\ ENTERPRISES 
1011 NCRTHkEST 6TH ST 
HCMESTEAO,fL 

GEORGE MURODOCH GLO~ER 
6817 GERMANTG~N AVE. 
PHILADELPHIA PA 

WILLIA~ A. GCOSALL 
L. G. ~SSGCIATES 
15 CHESTNUT ST • 
HUTLEY NJ 

02142 

p 

17602 

CENTER 
p 

02142 

CENTER 
p 

19104 

p 

17604 

G 

33030 

p 

19119 

p 

07ll0 



' 

JOHN W GOELLER 
ENERGY & MINERALS DEPT 
PO BOX 2770 
SANTA FE NM 

MR. ~M. E GOHSCHALK 
TRIAt\GLE TECH .. 
436 MORRISON DR. 
PGN Pf'l 

PETER GGLEM 
CHORLEY ANO BISSET LTC 
521 CCLB(]RNE ST 
LONDON,.ONT 

ELMIRA GONZALEZ 

l 

. 87501 

p 

.l52lf 

N6B2H: 

UNITED INDIAN DEVELOPMENT 
1620 FIRVALE L 
MCJNJEeELLC CA 

<;Q64C 

LEONARD F~ GDCOMAN 
NAVY DEPT. NORTH DI~ISIC~ PA 
56 DURAND RD P 
HUNTINGDON VALLEY PA 

P N GOODRICH 
DESIGNER eUILCER 
BOX 5E3 
BROOKLYN MI 

ALAN L. GOODWIN 

19006 

c 

49230 

TOWN CF GROTO~-COMM OEVEL. CFC 
45 FC~T HILL ~GAO P 
GROTON CT 

TOM GORTH 
FLORIDA POWER & LIGHT 
PO BOX 8248 
FT LAUOEROALE,Fl 

JOHN GOSLING 
XAVIER HIGH SCHCCL 
1600 k PROSPECT AVE 
APPLETON Wl 

06340 

( 

3331C 

0 

54Sll 

A-27 

CONRAD GCHLINGHORST 
CCPPER OEVELCPMENT ASSOC. 
lOll HIGH RIDGE RO 
SIA~fORD (.J 

S"TEVEN GOLCSlE IN 

p 

06095 

HOLLAND t LYONS CONSTRUCTION 
3255 GRASE ST. N.W. P 
WASHINGTON DC 

ARTHUR M. GCMPF 
GCMPF ENG'R SERVICES INC. 
ecx 155 
JARRETTSVILLE MC 

RCBERT C. GOCD JR. 

20008 

p 

21084 

ROSE TREE MEDIA SCHEEL DISTRT 
10 WELLESLEY ROAD . P 
SWARTHMCRE PA 

RON GOODMAN 
LIBBEY CWENS FORD 
1701 E BROAO\oiAY 
TCLEDC CN 

LES GOODSELL 

19081 

D 

43605 

REEDY GREEK UTILITIES CO INC 
PC ecx 40 
LAKE BUENA VISTA,fL 

32830 

MICHAEl GCRMAN 
NE~ YORK SlATE E~ERGY OFFICE 
2 RCCKEPFELLER PLAZA P 
AlBANY NY 

12223 

MR. w. M. GGRYL 
EXXC~ RES. & ENG. CC. 
l80 PARK AVE. BLDG 222 RN A232 
FLCR~AM PARK NJ P 

CHRISTOPHER J. GOUDREAU 
WHll~A~ REQUARD & ASSOC. 
1111 N CHARLES STREET 
BALTIMCRE MD 

'07932 

p 

21201 



JAMES S. GCULD 
TRIANGLE INSTITUTE OF TEChNCL. 
635 ·SMITkFIELO ST. P 
PITTSEURGH PA 

1.5 2 2 2 

WERNER G~AF '' · ' 
KORBULY GRAf INC ARCHITECTS 
2513 LINCCLNWA~ wEST C 
SCLTH BEND IN 

46628 

wiLLlAM N. GRAHAM 
UNlTEO STATES STEEL CCRPCRAT. 
600 GRA~T STREET P 
PIHSPURGI-i PA 

15230 

FRANK W GRAUMAN 
BCHLl~ PCwELL BRCWN ARCH. PLAN 
1R2 N. FRANKLIN Sl P 
WILKES-BARRE PA 

BARRY GRAVES 
SOUTHERN SEC· 
EXCHANGE Pl SUITE 1250 
2300 FE~CNFORC RD 
1.\TLANTA,GA 

GORDON GREENFIELD 
~EST ~Ill IMPRCVEME~T CC~ 
3 4 0 .F I R S T S T • 
ALBAN~ NY 

EARL C GREENHALGH 
US DEPT Of HUC 
2500 ~ILSHIRE BLVC 
LOS ANGELES C.ll 

CHARLES l GREER 
NASA/GEC C MARSHALL SPACE 
FLIGHT CTR,ATTN FA33 
MARSh.llll SPACE FLIG~T,Al 

.ROBERT GRIBBLE 
GRIBEN MECH CCNTRS 
P.C. BOX 66 
VINELAND NJ 

18 701 

303.3 E 

12206 

l 

90057 

( 

35812 

p 

08360 

A-28 

TOM GRAOV 
SCLAR THERMEL ENERGY SAVERS 
1829 NCRTHkCOD 
ROYAl CAK, Ml 

RUSSELL GRAHAM 
9560 NATHALENS 
OETRClT Ml 

HAROLD J. GRANATA 
MEMG~IAL GE~E~AL HOSPITAL 
1000 GALLOPING h. 
UNICN NJ 

RICHARD A. GRAVEL 

48073 

D 

48239 

F 

07083 

DEPT LF ARMY-ABERDEEN PRCVING 
STEAP-PE-E BLDG 5252 P 
A.BEROEE~ PROVING GROUND MD 

21005 

KEVIN OOUGLAS.GRAY 
STATE OF CONNECTICUT JUDICIAL. 
PG ecx 294 P 
STOI\Y CREEK CT 

HASKEL G~EENflELD 
HASKEL GREENFIELD t ASSOC 
19154 JAMES COUZENS HWY 
DEH<CI T Ml 

WESLEY C GREENLEAF 

06405 

D 

48235 

TOWN OF' GROTON CCMM. OEVEl OFC 
45 FCRT ~Ill RD. P 
GROlCN CT 

ThOMA.S L GREGORY 
GREGCRY ELECTRIC CG INC 
PO DRAwER 1419 
COLUMBIA,SC 

LAOCIE GIH8lCK . 

06340 

a 

29202 

TECnNOLOG~ fOR CHIL'N TEACHER 
~JRMC Pl~INFIELO AVE. 
EOISCN NJ P 

08817 



NIGEL GRIFFIT._,S 
HU~BER COLLEGE· 
56 QUEEN ELIZAPFT~ eLVD 
TORONTO O~TARIC CANADA 

M821M1 

RALPH C GRIPPO 
CITY CF TCRRANCE 
.3031 TORRANCE BLVD 
TORRAt\CE CA 

JAMES A G~ISSEJT 
CECIL B CAY CC,INC 
2751 BUFORD H~Y NE 
ATLANTA,GA 

PH Ill P GROSSMAN 
AMWAY 
7575 E FULTON 
ADA M I 

CHESTER J GRZECZKA 
VILLAGE Of:BA~RINGTGN 
206 SG HOUGH ST 
BARRINGTON ll 

GLAIN GUILMETTE 
TOkNSHIP CF ~ATERFCRO 

L 

'10503 

c 

30324 

c 

41B5 5 

0 

60010 

5200 CiVIC CTR DR PO BOX 428 0 
WATERFGRD MI 

KENNETH E GUNTHER 
FAIRARCIHER ~ GUNTHER INC 
325 FULLER AVE NE 
GRAND RAPIDS Ml 

ALAN S. GURVITZ 

48095 

c 

4950.~ 

UNITED ENGRS t CCNSTRLCTORS 
30 S 17 ST P 
PH.llACELPHIA PA 

BARRY j GUYNES/FA 34 
NASA 
MARSHALL SPACE FLIG~T CTR 
hUf\TSVllLE,Al 

19101 

( 

.35803 

A-·29 

RAMCf\ l GRIJALVA 
PACIFIC SIERRA RESEARCH CORP 
1456 CLOVERFIELO BLVD l 
SA~iA MC~ICA CA . 

<}0404 

W K GRISE 
THE PRCCTER & GA~BLE CO 
7162 READING ROAD RM 11532,HIO 
Clt\CINATI OH 

M J GRONKA 
CUPGNT · SUPPlY cc 
.l-4240 
wHUHNGTCN DE 

G. GRUENwALD 
.36 WEST 34 Sl. 
ERIE PA 

CARLOS XAVIER LEAL GUERRA 
INGENIERlA SOLA~ SA 
AV VALLAiH A NG 1525-305 
GUADALAJARA 

MEG GUISEPPI 
OE~KAN FAR~.S 

MEXICO 

132 t\E~TON-SPARTC~ RO 
NEloilON NJ 

HAROLD GUREV 
OPTICAL COATING LAB INC 
PC ecx 1599 
SANTA ROSA CA 

45222 

p 

19898 

p 

16508 

l 

p 

07860 

L 

95402 

RANDAll L. GUTACKER 
BER~UDIAN SPRINGS SCH DIST. 
2215 CEC~R RD P 
YCRK PA 

C G t-ACJIDAKIS 
NASA BXC-9 
6Th t INDEPENDENCE 
WASt-ilNGlCN,OC 

17404 

0 

20546 



R D HAENEL 
SOCAL G~S COMPANY 
810 S FLCWER ST 
LOS AI\GELES CA 

l 

90051 

DON t-1AGER 
MAXIMA REAL ESTATE MAI\AGE~EI\T 
113 E PAL~TlNE RD 
PALATINE IL 

60C67 

H JACKSON HALE . 
US CCE DIV Of CCI\SERV'N t SCL 
ROOM 3204 20 MASSACHLSETTS AVE 
WASHINGTON DC l P ( C 

Al HAMANN 
DEEN RAY fRtEN LAURES 
P.O. BOX 693 
HUNTl 1\GTCI\ UT 

DR GUSTAVUS G HANCGC~ 
HALLMARK SOLAR SYSTEMS 
2785 ALGCNGHIN RD 
ROLLING MEAPOhS IL 

CHARLES f HANING 
MANCl & HANING INC 
12645 W BCRLEIGH RD 
BRGOJ<fiELt,WI 

HENRY HANRATH 
SENTE HANRATH RUBEL 
1955 RAYMOND ORI\JE 
NORTHBROOK ll 

RICK liAPPLE 

LTD 

SOLAR 0 I S HI 0 f C E NT R A l 
519 SCUTH COMBEE RO 
LAI<ELAND Fl 

RICHARD I-: ARMAN 
CO:MMUN lTV ENERGY ._ARI<E 
170 PROSPECT PARK ... 
BROOKLYN NY 

20545 

l 

84528 

0 

60008 

53005 

l 

60062 

fl INC 
( 

33801 

F 

11215 

A-30 

wiLLIAM ~ t-iAGEN 
NASA GEC C MARSHAll SPACE FLT 
CENTER, ATTN FAJ3 C 
MARSHALL SPACE FLIGHT,AL 

BART HAINES 
OCW CORNING CCRPCRATION 
C40102 
ro11DL.ANO Ml 

CHARLES K hAll 
GE CCE 
PC BCX 11508 
ST PETERSBIJRG,fl 

CARCL HAMBLETON 
PRC/ENERGY ANALYSIS CORP 
7600 OLD SPRINGHOUSE RO 
MCLEAN,\IA 

GHAR H.4t\CCCK 
FLORIDA SOlAR ENERGY CTR 
300 STATE RD 401 
CAPE CANAVERAL,FL 

JAMES 0 HANKII\S 
NASA GEO C MARSHALL SPACE 

35812 

0 

48640 

c 

33TB 

0 

22102 

0 

32920 

FLIGHT CENTER AllEN FA33 0 
MARSHALl SPACE fliGHT Al 

3.5812 

HENRY HANRATH 
·sENTE hANRATH RU8El LTD 
1955 R~YMCNO DRIVE l 
NORTHBFlOOK, ll 

60062 

TAYLOR 1-'.ARCWICK 
9080 GGLFSIOE DRIVE 
JACKSGNVILLE Fl 0 

.32216 

JON HARR I"NGTCN 
AI'ER. IRGN s STEEl INST 
4610 Tt-INBROCK RO. p 

fAIRfAX 'VA 
22032 



MARGIE HARRIS 
WESTERN SUN , . 
921 Sk ~ASHINGTDN ST 
SUITE 160 .. 
PORTlAND t GP 

OLIVER HART 
NEOWELD CCRP 
CORNWALL BRIDGE,CT 

DAVID HARTWEll 

L 

97204 

06754 

TCWN OF CONCORD E~GR DEPT. 
133 KEYES RD. 
CONCORD MA 

HOMER HARVEY 
PC BCX 580 I 

CR AkFCRDV IllE tfl 

p 

01742 

32327 

FRANCK HASTINGS 
CHARLES HOAD HELMER A~CH t ASS 
3 CENTRAL ST. P 
WOODSTOCK VT 

TCM HAUSENBAUER 
1955 MERRIMAN CT 
LIVONIA M.l 

GOO CARZ HAYDARZADFN 
SOLEN CORP 
15225 STAGG Sl 
VAN NUYS CA 

OSC«;l 

48152 

l 

91405 

RONALD A HAYEf\GA 
SANO.IA LABORATORIES 01:v: .i532 ... 
PO BCX 5800 l 
ALBUQUERQUE NM 

WILLIAM E HEBEBRANC 
TOWN OF WINOSGR 

87185 

TOWN HALL 275 BROAD SlREET C 
~INDSCR CT 

06095 

A-31 

JCHI\' HARROWER 
MOSER,If\C 
PC ecx 8609 
ASHEVILLE,NC 

PAUL HARTL IE6 
ENERGY. ADMINISTRATION 
PC acx 30228 
LANSING Ml 

ANN S. HARVEY 
248 w. HARVEY JR. 
PH.lLA P'A. 

LINDA LUCILLE HARWOOD 

c 

28804 

D 

48909 

p 

19144 

7918 JONES-MAlTSBERGERt NM-5 
SAN ANTONIO, TX 

-
78216 

JEAN PIERRE HAUET 
COMPAGNIE GENER 1 E D1 ELECTRICI. 
CIC: COGENEL 45 ROCKFELLER PLZA 
NEW YORK NY P 
. 1~020 

USBRAND HAVEN 
~AKE FOREST U~IVERSITY 
PHYSICS CEPARTMENT 
WINSTON SALEM NC 

TOM HAYDEN 
wESlERN SUN 

D. 

27109 

921 SW WASHlNGlC~ ST SUITE 160 
PORTLANC OR 

97205 

SHIRLEY H.AYES 
FLORIDA LEAGUE Of kOMEN VOTERS 
616 SOUTHWEST 14TH ST 0 
BCCA RATCN. FL 

BOB HEDDEN 
MUELLER ASSOCIATES 
BALTIMORE MD 

33432 

0 
21203. 



ROBERT B. HEEGER 
A. O. SMITH CORP. 
825 LEHIGH AVE. 
UNIOt\ NJ 

Gf:lAYSCN HEFFNER 
PRC ENERGY ANALYSIS CO. 
7600 OLO SPRINGHOLSE RO 
MCLEAN VA 

DAVID HElM 
US ASSGC INC 
2q44 NEBRASKA 
SANTA MONICA C~ 

MS JEWEL C. HEIN 
OfSIG(\EO HOME SERVICES 
4717 TA~RVTON CTS 
COEUNBUS CH 

PAUL 1-:EINTZMAN 
AMP 1(\C 
~711 PAXTON ST. 
HARR.IS8UHGH P" 

p 

07083 

p 

22102 

L 

qQ404 

p 

43228 

p 

17105 . 

RICHARD J~ HEMBACH 
CCNSGliOATEO ECISCN CC CF NY 
4 IRVING PLACE P 
NEW YCRK NY 

ZACH hENDERSON 
AlA, INC 
q46 CLD CANTON Sl 
RCSwELL, G~ 

DANIEl E HENRY 
NASA GEO C MARSHALL SPACE 

10003 

( 

30075 

fliGHT CENTER, ATTN FA33 C 
MARShALL SPACE FLIG~T, AL 

WALTER R HENSLEY 
GEORGiA PGwER CO 

·po ao.x 4545 
ATLANTA, GA 

38512 

( 

30302 

A-32 

ROBERT J. HEFFE~ON 
PA OffiCE Of COMMUNITY ENERGY 
P.C. BCX 156 P 
HARRISBURG PA 

GENE R. HEll 
Af<I.P INC. 
3711 PA.XTON ST. 
HARRISBURG PA 

WALT HE.tM 
ROLLY PULASKI t ASSOC 
5120 BIRCH ST 
NEwPORT Bf:ACH CA 

CCNI<AO F HEINS 
SCATTERGOOD SCHOOL 
WEST BRANCH lA 

ALAN HELENE 

11120 

p 

17105 

l 

q2660 

0 

52358 

FLACK. & KURTZ CCNSULTING ENG'R 
475 FIFTH AVE. P 
NEW 'YORK NY 

RONALD l HENDERSON 
US DEPT OF ENERG~ ATLANTA 
1466 V~RNER RG NE 
MARIETTA, GA 

ARTHUR HENOR1KSEN 
GENE~EE ~REA SKILL CENTER 
5081 TCRRE'V RO 
Fllf<.T Ml 

10017 

0 

30062 

0 

48507 

RCGER hENRY 
PUBLIC. WORKS CA~ADA 

SCLAP PROGRAMS OFC TUPPER BLDG 
OTTAWA CNTARIO CANADA 0 

P~ILIP A HENZERLlNG 
SALT RI~ER PROJECT 
PC BCX 1980 
PHOENIX A.l 

KlAOM2 

l 

85001 

. . 



KENT HERT 
400 S 3RO 
ELLIOTSVILLE INO 

EARL HESS 
TRACY ENGINEEPS INC. 
702 ll SBURN R O. 
CAMP HILL PENN. 

HARRY HILL 
AMSTAR CORP. 
1251 AVE OF T~E AME~ICAS 
NEW YCRK NY 

DIANE H HillARD 
AMERICAN SUN SYSTEMS INC 
8454 NW 58TH ST 
M IAIH, fl 

DR. RALPH E. HISE 
CONSOLIDATED NAT.IGNAL GAS 
11001 CEDAR AVE. 
CLEVELAND OH. 

BYRON HO 
BUREAU OF ARCHITECTURE 
1442 w POLK Sl 
CHICAGO, IL 

ROeERT M HODGES 
DOW CCRNING CCRP 
SOUTH SAGINAW RD 
MIOL.ANO Ml 

p 

17011 

10020 

( 

33166 

5\/C 
p 

44106 

c 

60607 

0 

48640 

DONALD B HOFFMAN PE 
ENVIRCNMENTAL INTERFACES .INC· 
2795 RANOl LANE UE L 
SALEH CREGON 

TOBY A. hOFFMAN 
PHILIP LUDEKE ASSCC. 
P.O. BOX 1115 
DOYLESTOwN PA 

91303 

p 

18901 

A-33 

KENNETH E. HESElTON P.E. 
POkER & CO~BUSTION INC 
7909 PHILADELPHIA ROAO 
BALTIKCRE MD 

RUSS HICKMAN 
PCRTALA VALLEY ASSGC 
30.PCMPCNIC 
PORTALA VALLEY CA 

THC~AS Hill 

p 

21217 

94025 

ARGC~NE NATIONAL LA80RATORY 
400 N. CAPITAL ST NW SUITE 185 
kASHI~GTGN DC L 0 0 P 

20001 

R. t-i. HILT 
FMC CCRPCRATIGN 
2000 MARKET ST. p 
Pl·lllA PA 

19103 

BOB HITCHENS 
IC I AMER.ICAS INC. 
kllMINGTGN DE p 

19897 

LM\CE HCCH 
FRANKLIN INSTITUTE SOLAR INF'N 
20 PARKWA't p 
PHILADELPHIA PA 

19103 

JAY HOEKSTRA 
SINClAIR CG ~ETRC PLANNING CO 
511 fORT ST SUITE 400 
PORT HURON, MI 

DRAKE A. HOFFMAN 
· ALPHA-OMEGA SCL~R INC 

P.C. BOX 5236 
VIRGI~IA BEACH VA 

MARTIN HCLBRCCK 
SCLAR IIIIAY ENERGY STARE-A 
BOX 245 ~CUTE 447 
CANACENSER PA 

0 

48064 

p 

23455 

p 

18325 



TOM HOLLAND 
MID A~ERICAN SOLAR ENERGY CTR 
1256 TRAPP RD D 
EAGAN,M!'J 

CRAIG S HULOV~Oi 
CSH CESIGN 
3081 AUGUSTA ST 
Flli\T ·MI 

WALTE~ E HCLTZ 

5~121 

48504 

CALIFCRNip POLYTECHNIC STATE U 
SAN LUISC81SPG CA l 

JOSE P. HONRACO 
LEHR .~SSGCIATES 
ONE PENN PlAZ~ 
NEW ¥CRK NY 

JCHN S HOPKINS 
3306 SPRINGHill RC 
LAFAYETTE CA · 

LAWRENCE E HCRST 
HORST ELECTRIC 
602 S SALE ST. 
ELLETT S V I L L E .IN 

THOMAS HOSKENS 
K K DESIGN 
1429 W 36 TH ST 
MAS MN 

BRUCE HOSTETTER 
BRI~GERS TROLLER ASSOC 
2212 DUPONT STE J 
.(R VINE. CA 

JOHN 1-iOUCt-:IN 
LEUI t; CC 

934C7 

p 

10001 . 

L 

c 

4742S 

0 

5540e 

PO BO) 2147 1926 HAVEN DR 
EVANSVILLE IN 

c 

47714 

A-34 

PETER HOLLANDER 
FRA~KllN RESEARCH CENTER 
25 £ THE PARKwAY 
PHILADELPHIA PA 

KEN"ETH HOLT 

p 

19103 

PENN SlATE UNIV .. DELAWARE CO. 
25 YEARSLEV MILL RD. P 
MEDIA PA 

BRUCE tiCWIG 
SUN KING 
2122 W OA\i IE RO 
FORT LAUDERDALE, FL 

WIll lAM L HOC\IER 
NASA M~FC SUPPORTING DOE 
1475 JEFF RO 
HUNTS\IILLE, Al 

BILL HCRINE 
ALVIN COMMUNITY COLLEGE 
ALVIN TX 

ANTHONY J. HORVATH 
53JO.SEAMA~ RC 
OREGCN CHID 

SARAH HCSPODAN 
NY UNI\1. 
120 E 34 STREET 21A 
NHt YORK CITY NY 

KE ITti liOUCHEN 
Po ecx 281 
BRCCt<DALE CA 

RCBERT hOUCK 
BRCCKVALE CGNST. CO. INC. 
RD 4 eox 846 
EPHRATA PA 

19063 

0 

33312 

0 

35806 

/77511 

0 

43616 

p 

10016 

l 0 
95007 

p 

17522 



PAUL A HGY lNG .. 
HOYIN~ & HOYIN~ BUflCERS 
13153 MC CART~~ILLE.R~ 
ANNA Cr 

MARGC HOYT 
PRC Ef'\ERGY ANALY.Sl.S CCRP 
7600 CLO SPRINGHOUSE RO 
MCLEAt-.' VA 

WILLIAM HUEY 
ALTER~ATE ENERGY RER OEV 
BOX "17 
ATLANTA M.l 

LEIGH L HUMMER 
REYNGLOS,SMITr E HILLS 
4019 BLVD CENTER CR 
JACKSGNV llLE, FL 

BEI\JAMIN HUSKEY 
SOLAR THERMAL SYSTEMS 
200 P~RK AVE. 
FLORHAM PARK NJ 

RAY HUTCHERSON 
SOLAR SYSTEMATICS 
7777 E EVELYN AVE 
SUr\NYVALE CA 

JOHN t-iYFANTIS 
ENERGISTICS INC. 
P.C. BOX 695 
E. BRUMSWICK t\J 

MR RICHARC H IHFE 
3451 S ~~ WHITE RC 
SAN ANTONIO, TX 

WALTER B 11\GLE 
ENERGY TECH ENGR CTR 
PO BCX 1449 
CANOGA PARK CA 

c 

45302 

c 

22102 

c 

49709 

( 

.32207 

F 

07932 

l 

94086 

p 

08BUi 

78222· 

L 

91301t 

A-35 

PATRICK C HO"'tlE 
GM ~ROVING GRCUNO 
GE~ERAL MOTORS PROVING 
ftllLfGRO MI 

GROUND 
0 

48042 

r.iiLLIAM T HUOSON 
Ill, INC 
5965 PEACHTREE CGRNERS E S A-4 
NCRCROSS, GA 

DR & MRS HARRl M. HUGHES 
300 LECNIOAS DRIVE 
SAN ANTONIO, TEXAS 

EMIL K HUNSINGER 

30011 

18220 

THE PHILADELPhlA CONTRIBUTIONS 
212 SOUTh FOURTr ST. P 
PHILADELPHIA PA 

OCNALO P HUSSEY 
NCR~AlK HOUSING AUTHORITV 
26 MCNRGE ST 
SC NCRWALK, CT 

1 T HWANG 

19106 

0 

06854 

ARGONNE NAT1C~AL LABORATORY 
q700 SOUTH C~SS AVE 0 
ARGONNE, Il 

60439 

OR. RANDAL H~ lHARA 
OF 1 E OF PLANNING & EVALUATION 
P.C. BGX 11888 I~ON ~ORKS PIKE 
LEXINGTON KY P 

JOHN J. IMMER~A~ 
SU~ KING ENTERPRISES INC. 
2350 RT 10 BLDG 0-10 
MORRIS PLAINS NJ 

~KAMAL S ISKANCER 
\A DEPT Cf kATER & PO~ER 
111 1\i HCPE 
LA CA 

r,·" 

40578 

p 

o1qso 

L 

91789 



\ 

JOEL ~. JACOBSCN 
BALTG. CHAPT. SCORE SBA 
S SUDBRCCK COURT 
PIKESVILLE MD 

WALTH t-: JAFFKE 
1424 W l35TH ST SPACE Al 
GARDENA CA 

., 

LAURIE JAMES 

p 

21208 

9024<3 

SONOMA CO PEOFLE E ECG OPP 
q64 PINER RD l 
SANTA ROSA CA 

95407 

TOM JANNETIOES 
STATE OF INDIANA ADM BLDG CGUN 
215 N SENATE ~VE G 
INDIANAPOLIS, If\ 

46204 

JEAN G JEffOfHJS 
CENTRAL FLCRICA REGIC~AL PLAN 
PO BOX 2089,515 EAST BL~O C 
BARTOk, FL 

3383C 

GREGORY JCHNSCN 
SEDFCFD STUYVESANT RESTCRATICN 
1368 fULTON STREET F 
BROOKLYN NY 

JO JOHNSON 
CSI 
3q3a FREDONIA CRIVE 
LA CA 

WALTER H. JOHNSON 
SUFFALK U~IVERSITY 
41 TEMPLE 
BOSTON MA 

CLIFF A JONES 

ll21f 

l 

9006S 

p 

02114 

Sf PETERSBURG ADVANCE PLANNING 
205 9TH ST N C 
ST PETERSBURG, fl 

33731 

A-36 

DENt-liS JAEHNE 
PRCJECT SUEDE U~ ASS. 
BOX 26 CUSHMAN 
AMHERST·M~ 

WILLIAM R. JAHNKE 

p 

01002 

CCLLEGE CF ARCH. & OEZIGN 
KANSAS SlATE UNIVERSITY 
MANHATTAN KS 

p 

WILLIAM l JAMES 
DANIEL E ZERMACK ASSOC 
208.0 S STATE 
ANN ARBCR MI 

EUGE~E EDWARD JARCN AlA 
230 ~ALI ~HlTMAN Bl~D 
CHER~Y tULL NJ 

BRUCE JCI-iNSON 
FACILITIES ENGR OIR 
PG BCX 3.31 
FT HUAC .. UCA, AZ 

JAMES K JCHNS{]N 
THG~PSC~ PRCPERliES 
SUITE 704 CITJZE~S TOWER 
~ACG T.X 

RCGER JU1f\SGN 
DOE 

66502 

0 

p 

0·8003 

c 

8.5613 

L 

76701 

20 MASS. AVE. NW SUITE 1204 P 
kASHINGTCN DC 

20505 

BCB JONES 
SCLAR ~EAT E COOL DEMON PRGG'M 
DEPT Of HUD ROOM 8158 L 
WASHINGTCN DC 

D~IGHT JONES 
HEERY & H~E~Y,INC 
880 kEST PEACHTREE ST NW 
ATLANTA, GA 

20410 

G 

30338 



RHETT JONES 
REEDY CREEK UTILITIES CO.,INC. 
PO BOX 40 . C 
LAKE BUEVA VISTA fL 

ROBERT KC JONES JR 
AMERICAN CONSUMPLEX INC 
1846 DAVID WHITNEY BLDG 
DETROIT MICH . 

KARl JOSEPHY 
AVERY INTERNAliGNAL 
325 N ALTADENA OR 
PASADENA CA 

DAVID P JURIST 
2845 '32NO STREET 
SACRAI'!ENTO CA 

OR LLCYO KAECHELE 
LLGYO LABS 
BOX 338 
TOPANGA CA 

32830 

4822t 

. l 

91107 

l 

95817 

l 

90290 

ROBERT J KALSC~EUR 
WISCONSIN ELECTRIC POWER CO 
231 WEST MICHIGAN ST C 
MILWAwKEE WI 

DANIEL M ·KANE 
SOL-LAR-INC 
BOX 127 
ARNOLD MD 

hARJ IT KAPUR 

53201 

•P 

21012 

SACRAMENTO MUNICIPAL UTILITY 
P 0 BGX 15830 MAIL STGP 73 l 
SACRAMENTO CA 

WAYNE I<ARRIS 
RHEEM MFG CO 
7600 S KEtiZIE AVE 
CHICAGO ll 

95813 

0 

60652 

A-37 

.. 

ROBERT E JCNES 
AO SMITH CORP 
PO OCX 28 
KANKAKEE IL 

GEORGE R. JORDAN 

0 

60901 

AMALGAMATED SERVICES CORP. 
3466 PRCGRESS OR. SUITE .204 P 
CORNWEll$ HEIGHTS PA 

19020 

ANTHCNY ~. JULIANO 
ALLSTATE ROOFING t SIO.ING CO 
1522 CLD YCRK RC P 
ABINGTON PA 

NORMAN JUSTUS 
UNJ'JERSHY OF MISSOURI 
SOUTHWEST CENTER RR3 
MT VERNCN MO 

ROBERT KAISER 
BIG APPLE SCENIC STUDIO 
P.O. BCX 767 
NEW YORK 

CHARLES KANACH , 
SOLAR THERMAL SYSTEM . 
200 PARKAVE. 
flORhAM PARK NJ 

MELVIN KANTZ 
EDMUND SCIENTIFIC CO~ 
101 E. GLOUCESTER PIKE 
BARRINGTON NJ 

RUSELL KARP 
71 OJIVIS RO 
PORT ~ASHINGTCN NY 

ALAN 0 I<ASKE . 

19001 

c 
65712 

p 

10036 

p 

07932 

p 

08007 

p 

11050 

MID-AMERICAN SOLAR ENERGY COMP 
1256 TRAPP RO 0 
EAGAN MN 

55121 



FRF.O KATTERMAN JR 
HIGH POINT ELECTRIC INC 
R04 eox 504 
SUSSEX NJ 

PAUL I<ATTtRMAt-.N 
HIGH POINT ELECTRIC~ 
R04 BCX 504 
SUSSEX NJ 

MICHAEL KAYLOR 
PO BCX 4052 RCUTE 4 
FAYETTEVIlLE AR · 

JAMES J KELIHER 
17600 FENTON 
DETROIT., Ml 

JAMES ~ KELLER 
liS 1\A\IF.Y OKC fE 
CICC FE 8CX 1.3 
FIPG SEATTLE ~A 

DONALD P KELLY 
NV ST~TE ELEC GAS 
RESIDt\L MKT 
BINGLTANTON NY 

LEE KENNEDY 
THE HEDB/ICK CORP 
1835 t\ORTH NEW JERSEY ST 
INDIANAPOLIS, IN 

COLLEEN KETTLES . 

p 

07461 

p 

07461 

c 

72701 

0 

4821<; 

l 

p 

13902 

c 

46202 

FLCRIOA SCLAR ENERGY CE~JER · 
300 SR 401 0 
CAPE CANAVERAl FL 

32920 

HILARY K KIEll 
FLORIDA SCLAR ENERGY CENTER 
300 STATE ROAD 401 C 
CAPE CANAVERAL flGRID/1 

32920 

A-38 

FRED KATTERMANN SR 
hiGH PCI~T ELECTRIC INC. 
RD4 ecx 504 
SUSSEX NJ 

JOOY R KATZ 

p 

07461 

JOO' R KATZ C/0 DISTRIBUTIGN 
260 t\EW YCRK DRIVE ·P 
FORT WAShl~GTCN PA 

TA I<ECK 
HEAD flRSI LIGHTING 
RC 9 BOX 304 
YCRI< PA 

OOLCRES KElLAM 
2960 CRCHARO PlACE 
ORChARD, LAKE Ml 

CHARL~S J KELLY JR 
VITRO LABORATORIES 
1400 GECRGIA AVE 
Sll\IER SPRING MD 

R \oi KELTO 
TECUMSEH PROCLCTS CO 
OTTA~A AND PATTERSON 
TECLMSEH, tJI 

RCGER KENT 

19034 

p 

17402 

0 

48033 

p 

20910 

D 

49286 

CAL STATE UNIV DOMINGUEZ HILLS 
5215 S SEPULVED~ BL 14C l 
CULVER CITY CA 

90230 

THCMAS F KIBLER 
l~OIANAPGLIS ENERGY OFFICE 
1160 CIT~ CCUNTV BlDG 
INOIANAPGLIS, IN 0 

CCL JCHN C KILBCRN 
231 WEST MULBERRY 
SAN ANTCNIC, TEXAS 

46204 

78212 



NELSON KllMEV 
SUNFLOWER ENHfGY 
HESSTON CCLLEGE 
HESSTCN, I<S 

KYUNG ANDY KIM 
LEHR ASSOCIATES 
ONE PENN PLAZ~ 

NEW YORK NY 

EDWIN KING 

WORKS 
c 

67062 

·p 

10001 

ECONOMIC HOUSING & DEVEL·COR~ 
13200 DOTY AVE SUITE 215 L 
HAWTHORNE CA 

CHARLES KINS.EY 
5210 ELLIOT AVE 
MINNEAPOLIS, MN 

ROBERT~ KIRCHNER 

<10250 

c 

55714 

NEW JERSEY INSTITUTE GF TECH 
323 HIGH STREET P 
NEWA.RK NJ 

CH102 

YUKI KISHIMOTO 
POLYTECHNIC INT £ STATE UNJV 
COLLEGE OF ARCHITECTURE C 
BLACKSBURG VA 

24061 

DR HAROLD KLEE 
COLLEGE OF ENGINEERING 
BOX 25000 UNIV OF CENTRAL FLA 
ORLANOO,Fl 

328lt; 

GLENN R KLEINAU JR 
TENNESSEE VALLEY AUTHCRITY 
426 UNITED BANK SlOG 
CHA JT ANOOGA TN 

(J 

371t01 

E FREDERICK KlEINGARTNER 
CITY Cf POMPANO BEACH 
9351 N W 35TH ~ANOP 
SUNRISE, FL 

c 

33321 

A--39 

CHARLES H K JM · . 
AMERICANA MERCHANDISE CO 
143 S SANTEG ST SUITE 300 
LOS ANGELES CA 

90014 

EVERETT E KIMES 
WEST BRANOYWINE·TOWNSHIP 
RD 1 LAFAYETTE t HIBERNIA ROS 
CCATESVILLE PA P 

THOI'IAS A KING 
MUELLER ASSOCIATES 
19.00 SULPHUR SPRING RD 
BAL T IMCRE MD 

Al KIPHUT 
DEPT OF ENERGY RM 11 
SOLAR £ INDUSTRIAL SLOG 
SALE~ C~ 

RONALD E KIRKPATRICK 
PRC ENERGY ANALYSIS CO 
7600 OLO SPRINGHOUSE RD 
MC LEAN VI 

LORENZ G KlSCR 
SUSS~AN ASBESTOS CO 
436.TH 13TH 
TOL EOO • OH 

EUGENE KLEIN 
PRC ENERGY ANALYSIS CO 
7600 OLD SPRINGMOUSE RO 
MCLEAN, VA 

LEE ANN KLEINFELTER 

19320 

LDCP 

21227 

L 

97310 

0 

22102 

D 

43624 

OL 

22102 

LEBANON CO ENERGY MNGT PROGRAM 
PC BOX 899 P 
L EBAMJN PA 

RCBERT !<LINE 
SUFFALK UNIVERSITY 
41 TEMPLE 
BASTCN MA 

17042 

p 

' 02114 



WILBUR ECWARC KLINE 
34g2 TERRACE CRIVE 
'IIHlTEHALL PA 

PHILIP A KNIGHT 

18052 

NORTHEAST SOLAR ENERGY CENTER 
70 ME~ORIAL 0~ P 
CAMBRIDGE MA 

ROBERT 8 KOCH 
RILSAN INDUSTRIAL INC . 
BOX 338 RO 3 
BIROSIWRO PA· 

02142 

p 

. 1950€ 

SOLIS D KGPELAI\D 
KOPELANO-SILVER INC 
KOPELAND-1000 VALLEY FORGE CLE 
KING CF PRUSSIA PA P 

M ARTHUR KOTCH AlA 
ARCHITECT SUITE 413 
2400 FOUNTAINVIEk 
HOUSTCN TX 

FRANK KRE ITH 
SERI 
1536 COLE BLVD 
GOLDEN CO 

ROBERT H KRUM 

1940(: 

l 

77057 

F 

80401 

WASHOE COUNTY PUBLIC WORKS 
1205 ~Ill STREET PC eox 11130 
RENC NV l 

THOMAS R KULP 
HELlGTHERM INC 
BOX 115 
N WALES PA 

ALBERT KURTZON 

89520 

19454 

WINDOWS & LIG~TING SYSTEMS INC 
734 N PASTORIA AV~ l 
SUNNYVALE CA 

9408(; 

A-40 

CERNYW K KLINE 
LANSING COMMUNITY COLLEGE 
419 N CAPITAL·AVE 
lANSING, HI 

0 

48901 

LAURA t<GCH 
BIG APPLE SCENIC STUDIO LTD 
PO ecx 761 150 W 46 STREET P 
NEW YORI< NY 

STANLEY KGN 
DEH ENGRG SUCS US ARMY 
SETTFIELC eLOG 300 
WHEELER AFB HI 

WIC KORME IER 
INTERTHERUN INC 
3800 PARK AVE 
ST LCUIS, MO 

C THOMAS KRECK 
7 E ._OCD STS 
VINELAND NJ 

HAL J KRIZAN 

1D036 

l 

96857 

0 

63110 

p 

08360 

ORANGE COUNTY EMA REGULATION' 
PC BCX 4048 l 
SANTA ANA CA 

RICHARD C KRUPP 
THE CllY OF RO~Al CAK 
211 WILLIAMS ST 
ROVAL OAK, Ml 

TEO l KURKGkSKI 
US DEPT fif ENERGY 
qaoo S CASS A~E 

ARGONNE, ll 

RICHARD l KURl 
ARVC BUIOERS 
PC ecx 31760 
SAN FRANCISCO CA 

92702 

0 

48068 

0 

60439 

L 

94131 



FLORENCE B KUZIA 
ST JOSEPH COLLEGE 
1678 ASYLUM AVE 
WEST HARTFCRO CT 

ROLLIN R LJ FRANCE 

06117 

MITCHELL GIURGELA ARCHITECTS 
12 SOUTH 12 STREET P 
PHILADElPHIA PA 

DAVE LACKSTROr-' 
SJC CCRP 
206 •CGOFGRD AVE 
ELYR!tl, OH 

ALVIN LAl 
ANSI 

19107 

4403t 

1430 BROADWAY C 
NEw VGHK 1\i¥ 

1001e 

ROGER LANCCUR 
PORTLAND AREA INDIAN HEALTH SE 
1220 SW THIRC AVE RCGM 476 L 
PORTLAND OR 

FREIJ!<ICK J LANG 
FLAGALA CORP 
212 1/2 wiLSON AVE 
PANAMA CITY FL 

MAURICE LANGSEV 
3045 ALANAPUA~ 313 
HONOLULU HI 

DAVID LANTRIP PE 
WHOLE EARTH ENG!< 
4920 CCEAN AIRE STR 
CXNARD CA 

JOHN F LARK:IN 
LARKIN & CYWINSKI 
225 SOUTH 15 STREET 
PHILACELPHJA PA 

c:l7204 

c 

32401 

l 

c:l6818 

l 

93030 

p 

19102 

A-41 

STEVEN KVIT 
US DEPT HUO 
26 fEDERAL PLAZA 
NEw YCRK NY 

JAMES H LACILLADE 
LACILLAOE LUMBER CO 
BOX 177 
WIll lAMS TOWN Ul 

8 l LAfGON 
REY~CLUS METALS CC 
6601 ~-BROAD ST 
RICHMOND VA 

MANGHAR LAL CHAUHAN 
STATE OF CAL lf 
OEPT OF WATER 

p 

1000"7 

p 

05679 

p 

23261 

PC S£X 388 L 
SACRAMENTO, CA 95802 

DONALD LANDSMAN 
INTERNAL REVENUE SERVICE 
1111 CCNSTITUTICN AVE NW P 
WASHINGTON DC 

MELVINE J LANG 
FALLSTCN GENERAL HOSPITAL 
220 ~EllON AVE 
FALLSTC~ MC 

GREGORY M LANGSTON 

20224 

p 

21047 

LANGSTON REFR!GE~ATIGN SERVICE 
208 WElliNGTON DRIVE 
WARtJ.INSTER P.A 

RC8EflT ~ LANZ 
R W LANZ t: ASSOC 
4517 NE~ FRANKEN ROAD 
NE~ FRANKEN WI 

LAURENCE E LARSON 
GRANC RAPIDS JR COLLEGE 
143 8CSTWICK . 
GRANO RAP.lDS, MI 

18974 

p 

.54229 

0 

49503 



CRAIG LAUER 
1435 EDGEWOOD AVE 
ROSLYN PA 

lEN LAULAINEN 

19001 

MID-AMERICAN SOLAR ENERGY CTR 
1256 TRAPP RD C 
EAGAN, MN . , 

MllLIAM H LA~~ENCE 
UNIVERSITY OF TOLECG 
2801 W BANEROFT Sl 
TCLEDC, CH 

HARCLC LAWTON 
LADO WILLIAMS REALTC~ 
824 HEIGHTS 
LAKE CRION, Ml 

THOMAS J lEARMAN 
ELECTRONIC TOGL ASSCC INC 
1513 S 6TH ST 
ELKHART, IN 

FRANK LEBMAN 

55121 

. C. 

43606 

48035 

c. 

46514 

EWING C RIZZIC CHERRY PARKSKY 
400 MARKET ST EAST , P 
PHllACELPhiA PA 

MARLOW LEE 
H & H TUBE & MFTR 
263 FCRMAN AVE 
DETRO IJ M I 

KENNElti S LEE 
OHIO STATE UNIVERSITY 
1711 PALOMAR 
ANN ARBCilt, MI 

JAMES H LEGGCE 

1'i106 

F 

4820S 

48103 

WILLIAM LAUffER 
PRINCE GEORGES CCMMUNITY COLL 
301 LARGC f<OAO 
LARGC MC 

208 70 

JOE LA~LCR 
CHAFfEV COMMUNITY COLLEGE 
5885 1-iA~EN AVE L 
ALTA LCMA CA 

0 R E ~ I L A LA \JI·T G N 
SHOCK HYDRODYNAMICS 
4716 VI~ELANC A~E 
NC 1-iCLl"YkCCD CA 

CHARLES k LEACH 
DCloi CORNING CGRP 
BCX 1767/MAIL C02318 
MIDLAND, Ml 

EDMOND A LEBLANC 
CEFP 
2q wEST WOCORUFF AVE 
CCUJMBlJS CHIC 

FRANK V t..EE . 
STATE OF CALIFORNIA 
DEPT CF aAJER RESOURCES 
SACRAMENTO CA 

91701 

l 

91602 

D 

.48640 

p 

43210 

L 

95814 

DONALD E LEE 
TGBLINSCN,NARBURN,YURK,ASSOC. 
105 KELSO D 
fliNT. ft!I 

48506 

RA'r'MGND E LEE 
MACOMB COUNTY CCMMUNITY COL 
14500 E TWELVE MILE D 
WARREN, I'll 

0 CARL LE.HMANN 
GIFFELS ASSOC.· 

4809.3 

PHILA ELECTRIC CO 
2301 MARKET ST 518-l 
PHILADELPHIA PA 

P 30 INTERNATIONAL BLVD D 
·1· REXDALE CNTARIO, CANADA. 

19101 M9U5P3 

A-42 



VERNE LEiiMBERG 
LEE CGLLEGE 
LEE DRIVE 
BAYTOl!iN, lX 

CRAIG M LEMRGlil 
CORNING GLASS WORKS 
HOUGHTON PARK C-7 
CORNING NY 

CHARLES J LENl 
DGW CORNING 
2200 W SALZBURG RC 
MIDLAND, Ml 

SELMA LESSER 
REINHARD LESSER & ASSOC 
13033 VENTURA BLVD 
STUDIO Cln' C~ 

JOSEPH LEVANGIE 

0 

77520 

p 

14830 

0 

48640 

L 

91604 

NORTHEAST SOLAR ENERGY CENTER 
10 MEMORIAL DR P 
CAMBRIDGE MA 

KERRY LEVIN 
JAMES MARCH GOLDBERG AlA 
1178 EVERETT RO 
LAKE FOREST, ll 

LAWRENCE lEVY 

02142 

c 

60C45 

NORTHEAST SOl~R ENERGY CENTER 
70 MEMORIAL OR P 
CAMBRIDGE MA 

JOE LEWIS 
CITY OF TEXARKANA .AR 
Po eox 2111 
TEXARKANA AR 

TH LEWIS 
ELLICT-LEWIS CORPORATION 
2701 GRANT AVE 
PHILACElPHlA PA 

02142 

L 

75501 

19114 

A-43 

ROBERT LEMOINE 
8521 CREOLE DRIVE 
CHALI"'ETTE LA 

TOM LENT 
FRANKLIN INSTITUTE 
20 PARKwAY 
PHILADELPHIA PA 

REINHARD LESSER 
13033 \IENTU.RA 
S fUO 10 CITY CA 

CHARLES JOSEPH LETIZIA 
LEE MAYER £ CCMPANY 
PC ecx 1713 
SAVANNAI-i GA 

MIKE lEVIN 

0 

70043 

:p 

19103 

L 

91604 

0 

31402 

SOUTHERN SOLAR ENERGY CENTER 
2300 PEACHFORO RD SUITE ·1250 0 
ATLANTA GA 

30338 

MARSHAll LEVINE 
INSTITUTE FOR HUMAN OEVELOPMEN 
538 CLO EAGLE SCHOOL RO P 
WAYNE PA 

OAVE LEWIS 
lENNCX INO 
1400 MANHATTAN AVE 
fUllERTON CA 

~ALCCLM LEWIS 
220 PARK A\IE .. 
LAGUNA BEACH CA 

VIRGINIA LEkiS 
MALCCLM LEWIS ASSOC. 
220 PARK AVE'­
'LAGUNA BEACH CA 

19087 

l 

92631 

l 

92651 

L' 

92651 



MARY LEYOCN 
CITY OF MENLO PARK 
CIVIC CENTER 

.MENLG PARK CA 

SUI liN 
CONCORDIA UNI~ERSITY 

l 

94 0 2 .s 

1455 CE MAISONNEU~E BLVD ~EST 
MGNTR EAL CANADA . P 

h3GlME 

PETER llNCABURY 
ENERGY CE~TER SYRACUSE UNIVERS 
324 OSTROM AVE F 
S'YRACUSE 1'1iY 

ARTHUR H llTKA 
FlA.SCLAR ENERGY CENTER 
300 Sl RO 401 
CAPE CANAVERAl flA 

GERALD LIVERETTE 

13210 

( 

32<320 

N E flORIDA SOLAR ENERGY ASSCC 
2313 FERNVIEW CR C 
ORAf\GE PARK FL 

GARY C tOEw 
SOLAR SYSTEMATICS 
171 E EVELYN AvE 
SUNNYVALE CA 

WAL TEf< K LONG 

32073 

l 

94086' 

CAYUGA MUSEUM OF hlSTC~Y & ART 
203 GENESEE F 
AUBURI\ NY 

WILLI AM l.Cf\GBCTHAM 
DELTA AIR CONO CO INC 

13021 

31125 VIA CGLINAS SUITE 9b6 l 
WESTLAKE CA 

RYC LOOPE · 
SUN WCRKS 
PU BG> 1004 
NEW HAVEN CT 

91361 

p 

06508 

A-44 

RAFAEL V LICEA 
CITY Of MIAMI BLDG DEPT 
3319 PAN AMERICAN OR 
MIAMI Ft 

EUGENE H LlNBERG 

0 

33131 

US OEPl Cf HCUSJNG & URBAN OEV 
2500 WilSHIRE BLVD ROOM 410 l 
LOS AI'\GElES CA 

VICTCR L LINCBERG 
FCRO M(l(R CO 
GTC 25500 W O~TER DR 
LINCCLN PARK, Ml 

RCBERJ K liTTLE 
RKL CONTROLS INC 
ARK RO 
LUMBERTON NJ 

MRS GERALG LIVERETTE 

90057 

0 

48146 

p 

08048 

N E fLCRIOA SOLAR ENERGY ASSGC 
2373 fERNVIEh OR G 
GRANGE PARK Fl 

3207.3 

ALEXAI'\CER LCNOON 
kEIZ~A~N INSTITUTE Of SCIENCE 
515 PARK A~E 

NEW YO~K NY 

ALAN lCt\G 
HUMBER COllEGE 
56 QUEEN ELIZABETH BLVD 
TORCNTO CNTARlO, CANADA 

A A LONG~ECKER 
ARGONNE NAIL LAe 
9700 S CASS A'vE 
ARGCNN E, Il 

KEVIN J LORTIE 

10022 

0 

M821M1 

0 

60439 

PROFESSIONAL PLUMBING & HEAT 1 G 
1509 GCVERNMENT 0 
MOBilE AL 

.36604 

' 



I 

ROBERT E LOSEY 
WYLE LABORATORIES 
7800 GOVERNOR~ OR 
HUNTS\IILLE AI 

HERMAN W LUBELL PE 

p 

35€07 

1701 GUlf Cf ~EXICO DRI\IE 
LONGBOAT KEY fl 0 

33548 

R· B lUCKENBACh 
CREEK RD & GRIST Mill ROAD 
GLEN MILLS PA p 

MR GREGORY LUftiA 
210 STARDUST 
SAN ANTONIO, TEXAS 

RICiiARD C LUTZ 
CUSTOM CARPENTRY 
9150 DOTY RO 
MAYBEE~ Ml 

JOHN MAC CONALD 

19.342 

7822S 

D 

481SCJ 

SCHOOL FACILITIES PLANNING UNI 
721 CAPITCL MALL 
SACRAMENTO CA 

JOHN MACFARLAND 
PO BOX 45 
REVERE PA 

RICHARD MACMATt-, 
SUN STRUCTURES INC 
201 E LIBERTY 
ANN ARBOR, Ml 

DONALD T MACRAE 

p 

18953 

D 

48104 

ADMINISTRATIVE BLDG COUNCIL IN 
215 N SENATE AVE D 
INDIANAPOLIS, IN 

46204 

A-45 

STERNS e LOTT 
. UNITED STATES POSTAL SERVICE 

RM 8912 USPS HEADQUARTERS 0 
WASHif\GTCN DC 

RICHARD LUCAS 
H\Y,( CCUNTY 
207 W SGtTH ST 
BISHOP CA 

W llllAM P LULL 
JAMES ~SSCC ARCH/ENG INC 
2828 EAST 45TH ST 
INDIANAPqLIS, IN 

ALEXANDER LURKIS 
199 JERICHO TURN PIKE 
FLOfUL PK NY 

WILLIAM l MAAG 
SOLAR ENE~GY PRODUCTS CO 
121 MILLER RO 
AVON LAKE~ Ot-i 

RGBE~T D MAC FARLANE 

20260 

L 

93514 

D 

4620.5 

p 

11001 

.D 

44012 

17TH COAST GUARD DISTRICT ECN 
PC ecx 3-sooo L 

.JUNEAU AK 

DOUGLAS MACKE 
FlORIDA POkER & LIGHT 
PC ecx 8248 
Fl lAUOEPDALE FL 

EDWARD J MACOMB 
BUSINESS PRGMGTICN 
36 \dlCWCCD AVE 
MADISON CJ 

LOUIS F MAO IERA 
ARMSTRONG CORK COMPANY 
PC ecx 3001 
LANCASTER PA 

99802 

0 

33310 

p 

06443 

p 

17604 



RAY MAGGARD 
COUNTY OF SAN BERNARDINO 
llll E Mill ST 
SAN BER~AROlN( CA 

JERC~,E MA I MAN 
EB OREILLY £ ASSOC INC 
541 ~AlSO~ PLACE ' 
BRYN MAWR PA 

JOSEPH A ~All K 

L 

92415 

p 

19010 

APOLLC BLDG CC SOLAR CESIGNERS 
PO BOX 685 733 MAIN ST D 
8RIGHJON, Ml 

48116 

RONALD I MANCC 
HELMAN HURLEY CHARV~T PEACOCK 
1155 LCUISIAN~ AVE SUITE 101 C 
WINTER PARI< FL 

LARRY MANNINO 
PURCHASING STATE OF MI 
STEVENS T MASON BLO 
LANSING, Ml 

3278fi 

4890S 

MICHAEL MAPLES 
ENVIRONMENTAL ENERGIES INC 
COPEMISH, Ml D 

CARL A MARBERRY 
INTERNAT'L CONFERENCE CF SLOGS 
5360 SOUTH WORKMAN MILL RCAD t 
WHITTIE,R CA 

90601 

DON MARKUM 
DRAfTING & DESIGN TX TECH INST 
PO BOX 11035 0 · 
AMARILLO TX 

79111 

ANDREW MARSHALL 
BERGEN COUNTY CCM ACTION PRCG~ 

ND 8 RO~A~ELLI AVE P 
SOUTH HACKENSACK NJ 

07606 

A-46 

DAVID MAGHEN 
STORMS & LOWE 
606 kiLSHIRE BLVD 204 
SANTA MONICA CA 

S S MALHOTRA 
SCIENCE APPLICATIONS INC 
1211 W 22NO ST 
OAK BROCK ll 

ROMUALOO M MANABAT 
WAR~EN & VAN ~RAGG INC 
8303 W HIGGINS ROAD 
CHICAGO, lL 

RITA MANNING 
TRINITY ~OLAR CONFERENCES 
B C X 7·9 71 5 S T A 0 I U M OR 
SAN ANTONIO, TX 

AVELIN~ l MANCTAS 
fARMER'S H~ME AOM OffiCE 
459 CLEVELAND STR 
WCOOLAND CA 

GERALD MARA 
FRANKLIN RESEARCH CENTER 
1030 FIFTEENTH 5T NW 
wASHINGTON DC 

ALEX MARKO\IICH 
NEW JERSEY HOSPITAL ASSOC 
760 ALE~ANDER RC,CN-1 
PRINCETON NJ 

PAUL C ,_,AROLF 
LEWIS COUNTY BOCES 
WEST STREET RD 
CARTHAGE NY 

CAVID MARTIN 
FALLIEL ENERGY SYSTEMS 
425 FAlRFIELO AVE 
STAillfORD CT 

l 

90401 

l 

60521 

D 

60631 

DO 

78284 

l 

95695 

p 

20005 

p 

08540 

p 

13619 

p 

06902 



HUGH S MARTIN . . . , 
AIR CGNCITlONING-WEATHERMASTER 
2810 CGRRINE CR' C 
GRLANCC FL 

KIM MARTIN MRS M KAYLOR 
PO BCX 4052 
FAYETTEVILLE ~RK 

ROBERT A MARTINA 

32803 

( 

72701 

OFFICE Of STATE ARCHITECT 
1500 FifTH ST l 
SACRAMENTO CA 

9 5 8.31 

THOMAS I MARTC~E 

SOLAR SYSTEMS BY SUN DA~CE INC 
13~39 N~ 60TH AVE C 
MIAMI LAKES fl 

33014 

FRGILAN C MATE 
HCWARC NEEDLES TAMMEN & BER~·~· 
1150 NW 72ND AVE l 
MlAMl fL 

CARLA MATVIAK 
559 BELVIDERE AVE. 
PLAINFIELD NJ 

B H MAZE 
PRCTEUS INC 
321 SO BRIDGE 
VISALIA CA 

CRAIG MC CARTY 
SUNTf.K RESEA~CH ASSCC 
506 TAMAL PLAZA 
CORTE MADERA CA 

OWEN MC CAUGHEY 

33126 

5.5<; p 

07062 

l 

93217 

l 

94c;25 

MC CALGHEY & SMITH ENERGY ASSC 
130 CENTENNIAL WAY L 
TUSTIN CA 

92680 

A-47 

JANICE MARTIN 
51 PETERSBURG TIMES 
PC ecx 1121 
Sl' PEl ERSBURG FLA 

NELSON MART IN 
WINS~AR I~STITUTE 
36 STREET AT SPRUCE 
PHILADELPHIA PA 

MICHAEL E MARTINET 
GRIFFIN OEVELOP~ENJ 
10915 RINCCN CR 
._HilT IER CA 

DIANE MASUC 

0 

33731 

p 

19104 

l 

90606 

UNIV CF HAkAII OEPT HOME ECON 
621-A TfNTH AVE L 
hDNCLULU Hl 

PAUL MATT lOLA 
CARL MATT I CLA CO 
310 DEKAlB ST 
NORRlSIGftN PA 

JOSEPti t-~AVEC 

96816 

p 

19401 

ARGONNE NATIONAL LABORATORY 
9700 S CASS A~E 0 
ARGCNNE ll 

MARIANNE MC CARTHY 
T R I 1\ .IT Y U N I V 
715 STADIUM OR 
SAN ANTCN 10 TX 

LYLE H MC CARTY 
GENERAL ELECIRIC CO 
PG fOX 508 MAIL CODE S-22 
SUNI\'YVALE CA 

DR JAMES MC CCRO 

60439 

4l 

78284 

l 

94086 

~ESTERN IOWA TECH COMMUNITY CO 
BOX 265 0 
S lO.U.X CITY lA 

51102 



WILLIAM H MC CUMBER 
IBM~FEOERAL SYSTEMS DIVISION 
150 SPARKMAN CR l P 0 C 
HUNTSVILLE AL 

MONTE MC ELROY 
CITY CF TCRRANCE 

35805 

CITY HAll 3031 TORRA~CE BLVD l 
TCRRA~CE CA 

90~0~ 

Al MC NULTY 
STATE DEPT OF HEALTH SER~ICES 
744 npn STREET l 
SACRAMENTO CA 

95814 

OA\/10 MCCOWEN 
MCCOWEN & ASSCC/E~ERGY PLANNER 
1031 ~~ PCRTLA~O C 
BEND, OR 

JAMES A MCCUllEY 
TERRASET FOUNDATION 
4612 ALCON DRIVE 
CAP"P SPRINGS MC 

WILLIAM MCEVER 

97701 

p 

20031 

INTER TECHNOLCGY SOLAR CCRP 
100 MAIN ST C 
WARRENTON, VA 

OGUG MCGREGOR 
SOLAR SYNERGY INC 
BOX 58 
MORRIS PLAINS NJ 

EILEEN MCMAHON 

221S6 

p 

079.50 

MID-AMERICAN SOLAR ENERGY CPLX 
1256 TRAPP RD 0 
EAGAN, MN 

55121 

JOHN F ~EEKER 
NORTHEAST SOLAR ENERGY CENTER 
10 MEMORIAL P 
CAMBRIDGE MA 

02142 

A-48 

JGHi\ MC OAV lTT 
ASTRCLITE MFG CC 
756 NW 21 AVE 
FT LAUDERDALE Fl 

JOHN H MC GOWAN 
BOEI~G AEROSPACE CC 

c 

33311 

PO BOX 3999 MAIL STOP BA-04 L 
SEATTlE •ASH 

98124 

RC8ERT ~CAlliSTER 
TURi\ER INTERNAl IGNAL INOUSTRYS 
405 LEXINGTON AVE P 
NEW YORK NE~ ~ORK 

RICKY E MCCRABB 
BURf\HAk CCRP 
1237 CLD rARRIS8URG PIKE 
LANCASTER PA 

CHARLES R MCDONALD 
MCOONALC & ~COO~AlO 
66 tl MCNTEREY 
MOB llE Al 

JOSEPH MCGEE 
TC~,_.Sti I P Of WAT ERFC..f\0 

10017 

p 

17603 

p 

36604 

5200 CIVIC CTR OR PO BOX 428 0 
WATERFORD, Ml 

DENNIS ~CKINNEV 

CE GLASS,COM8USTIGN ENGR 
825 HYCTON RO 
PENNSAUKEN NJ 

CARREll S MCNULTY,JR 
NB INS.TRUMENTS 
'935 HORSHAM 
HORSHAM PA 

JOAN MEllUSI 

48095 

p 

08110 

p 

19044 

TARGET TECHNOLOGY lTD 
FAIRWAY CENTER, SUITE 6 t 
PAOLI PA 

p 

19301 



ANDREW ~ELMAN 

6012 GRE.ENE S l 
PHILADELPHIA PA 

' PAUL C ME~CAOt:; 
PAUL 0 ~ERCADO ASSOC 

·55 LINDBERGH ~VE 
BRCOMALL PA 

BILL 'J MERRARC 
JACOBS. AR~HITECTS 
251 SCUTH .lAKE AVE 
PASADENA CA 

GLENN MERRIll 
ENERGY RES CTR 
HONEYWEll STATION T-300 
2600 RIDGEWAY RD 

p 

191't4 

p 

1900B 

l 

91101 

MINNEAPCLI?, MN 55413 

CECil W MESSER 
NASA-MARSHAll SPACE FLIGHT CJ~ 
FA32 
HUNTS 'JIll E Al 

METZ DICK 
AMERICAN MOTOR INN'S 
1917 FRANKLIN RO 
RGANOKE VA 

' WALTER M lAC 
EXXON ENTERPRISES 
200 P.IIRK A\IE 
FLORHAM PM~K f\J 

GEORGE MICHEL 
TOkN GF WOODBRIDGE 
1047 RACE BRO~N RO 
WCCDBRIDGE CT 

ROBERT l MILLANESE 
PEPSI-COLA 
ANDERSON Hill RC 
PURCHASE NY 

35812 

0 

24014 

p 

07«;32 

p 

06525 

p 

10577 

A-49 

TOMAS A MENDEZ 
51 KINGS COURT 4B 
SANTURCE PUERTO RICO 

ROBERT MERCER 
ECLECTECH ASSOC,INC 
PC BCX 178 
NCRTH STONINGTON CT 

TIM MERRIGAN 

O· 

00911• 

06359 

FLORIDA·SCLAR ENERGY CENTER 
300 STATE ROAD 401 0 
CAPE CANAVERAL FL 

MARK HERSHMAN 
RSMCA 
.31 BUCKHORN RO 
RICHBORO PA 

MICHAEL MESSINA 
658 k ROlliNG RD 

· SPJHNGF IELD PA 

.C VIRGIL METZLER 
COL STATE UNIV NORTHRIDGE 
6901 BIRCHTEN A\IE 
CCNOGA PARK CA 

PETEfC G MICHAELS 
PC BCX 151 
ROME NY 

MARGARET MIL.fS 
SUFfULK COUN TV 

32920 

p 

18954 

p 

19064 

l 

91307 

p 

13440 

CFC CF COUNTY E~ECUTIVE BlDG P 
HAUPPZUGE NY 

OCNALD L MIllER 
PENN STATE UNIVERSITY 
CAP HOL CAMPUS 
MIDDLETOWN PA 

11787 

p 

17057 



PAUL MILLER 
ENVIRGNMENTAL ENERGIES 
PO BC)( 155 
DANVILLE VT 

ROBERT N MILLER 
SOUTHERN NE THE PHONE 
195 o~uRCI-i STREET 6Tf-; 
NE~ HAVEN CT 

GARY A MILLHOLLEN 
SUN ENERGY BUILDERS 
5838 RGBERTSCI\ 
CARMICHAEL CA 

DANIEL MIRCHEFF 
2947 BRIARWOOC DR 
TORRANCE CA 

DAVID I MITCHEll 
SOL-CCN 
30600 SPRINGL~ND 
FARMINGTON HILLS, Ml 

JIM MIYAO 

MRKTG 
p 

6582E 

COMPANY 
FLGCR p 

06500 

l 

95608 

L 

90505 . 

u· 

480i8 

RIVAI\NA MillER 
247 s FARRAGUT ST 
PHil~DELPHIA PA 

STEVEN MILLER 
2477 \/ALLEY RC 
E PETERSBURG PA 

ANTGNIC MINAf-101 
UNIVERSITY OF CENTRAL 
PO ECX 25000 
ORLAI\_DG Fl 

JAMES ,..ITCHELL 
2044 LCJCUST ST 
PH HAO ElPH lA PA 

STEVEN C MITCHEll 
SGL-CUN. 
30600 SPRINGLANC 
FARMINGTON HILLS, MI 

JOHN V Mllll 
PC 8G)( 455 

p 

19139 

p 

17520 

FLORIDA 
0 

32816 

p 

19103 

D 

48018 

p PAYNE AIR CGNCITICNING CO·· 
16950 EAST CHESTN~l Sl · l · · GCLDEN BRIDGE NY 
CllY OF INDUSTRY CA · · 

<11749 

YVONNE MOFFAT 
fLORIDA SOLAR ENERGY PRODUCTS 
2244 S MONROE ST C 
TALLAHASSEE Fl 

PAUL F MGNAGH~N · 
52t CCLBCRI\E Sl 
PO 80)( 428 0 
LONDON ONTARIO, CANAD~ 

JAMES MONROE 
23 fAIRL~I\E CR 
CANT(jl\ NY 

1\68116 

p 

13617 

A-50 

ANIKC f4CLNAR 
BECHTEL CORP 
PC ecx 3965 
SAN FRAt\CISCO CA 

WALTER M MONKIEWill JR 
EXXCt\ ENTERPRISES . 
PO 8C)( 592 
fLCRt-:AM PARK NJ 

RICHARD MONJGOMERY 
DOW CGRNING·CtRPORAT)ON. 
521 COLBORNE ST 
MIDLAND, Ml 

10526 

L 

94119 

0 

07932 

N6B2T6 



MlCHAEL MCJORE 
TODAY NEWSPAP.ER 
PO BCJX 1330 
COCOA FL 

WILLIAM F MOORE· 
GENERAL ELECTRIC CO 
PO BOX.8661 
PHILADELPHIA PA 

GLORIA MORECIA 

c 

32922 

p 

19101 

CENTRAL FLORIDA REGIONAL PLAN 
PO BOX 2089 515 EAST BL~D L 0 
BARTOW,FL 

PAMELA S MORITZ 
TRW ENERGY SYSTEMS G~OUP 
8301 GREENSBORO OR 
MCLEAN VA 

JAMES 'MORRIS 

33830 

p 

22102 

POCONO MOUTAIN HIGH SCHOOL 
SWIFTWATER PA 

p 

18370 

WILLIAM MORRIS JR 
MAINLINE BLDG & OEVELOPEMENT 
508 MAPLEHill RD P 
HA~ERTOWN PA 

FREO MORSE 
SOLAR APPLICATIONS 
US DEPT Of ENERGY 

19083 

20 MASS A~E RM 3204 P 
WASHINGTON DC 20545 

M L MORTON 
ENERGY & MINERAL DEPT 113 
STATE OF NEW MEXICC 
WASHINGTON AVE 
SANTA FE NM 

M S MCSLEHI 
KORBULY-GRAF INC ARCHITECTS 
2513 LINCOLNWAY 
SOUTH BEND, IN 

46628 

A-51 

THOMAS P MOORE 
US ARMY LOGISTICS MANAGEMENT 
1808 PENDER AVE p 
PETERS tWHG VA 

DAVE MOORE 
DEPT CF HUO 
~OOM 8158 DEPT CF HUO 
WASHING JON, DC 

CAREY C MORGAN 

23803 

0 

20410 

121 C PLA~TATICN COURT EAST 
TEMPLE TERRACE FL 0 

CLIFFORD E MORN 
501 CASS ST 
MONROE, Ml 

PETER MORRIS 
AlA RESEARCH CORP 
1735 NEW YORK AVE NW 
lltASHINGTON OC 

W.ILLIAM J MORROW 
SCLARIES If\C 

33617 

0 

48161 

p 

20006 

6600 US 301 N AIRPORT MALL 
SARASCTA Fl 

c 

J MORT I SON. 
MASEC 
1256 TRAPP RO 
EAGA~, .-.N 

MICt-:AEl MCSHARO 
INVESJ~ENT CONCERN 
3219 BELLE CT 
RCY.Al CAK,Ml 

MICHAEL J MGSLEY 
OETRCIT ~DISCN CO . 

33580 

0 

55121 

48072 

2000 SECCNO A~E ROOM' 357 ECT 0 
OETRC.IT, M I 

48226 



CHARLES A MOSS 
MOSS,GARIKES,ASSGC,ARCHITECTS 
2305 ARLINGTON AVE P 
BiRMINGHAM AL 

JOHN L MCURING JR 
AMERICAN EASTERN 
4396 ROUTE 134 
TABB VA 

MICHAEL J MULCAHY 
BOSH·N EO I SON CO 
800 BCYLSTON ST 
BOSTCf\ M~ 

RICHARD MURAD 

35205 

p 

23602 

f 

0219<i 

~OLITE CORPORATION P 
PO BOX 27211-2508 ChAMBERLAYNE 
RICHMCND VA 

ROBERT E MURP~Y 
OERCN-AIR INC 
200 PLANT AVE 
WAYNE PA 

LARRY MURPHY 
IBM CORP 
150 SPARKMAN 
HUNTSHLLE, AL 

C C MYERS 

23261 

19087 

DCPL 

35805 

HALSTEAD INDUSTRIAL PRODUClS 
NORTH FALLS BLVD C 
WYNNE AR 

72396 

MASUJlRO NAKAZAWA 
SUMITCMO CCRPCRATION Cf AM 
345 PARK AV p 
NEW YGRK NV 

MOHAMMAD K NASRULLAH 
BENHA~-BLAIR E AFF 
1200 Nk 63RD ST 
OKLAHOMA CK 

10022 

l 

13120 

A-52 

DCUG MGSS 
ADVANCED. ENERGY SYSTEMS 
31 EAST ERL V AVE 
AUBURN NY 

WILSCN MGWERY 
MO~ERY CONSTRUCTION· 
100 BETTY LN 
RICHkCCD, CH 

PHILIP A MULVEY 
INDUSTRIAL HOSE ·CO INC 
215 W WRIGHTWOOD AVE 
ELMHURST IL 

LARRY MURPHY 
IBM 
19105 ANNARGUS WAY 
C BURG MD 

STEPHEN R MURPHY 
DONALD J TARANTIN~ CO 

p 

13021 

0 

43344 

0 

60126 

(J 

2.0760 

3091 MAYFIELD RCAD ROOM 217 0 
CLEVELAND HEIGHTS OH 

lAWRENCE M MURPHY 
SER I 
1536 COLE BlVD 
GOLDEN, CO 

MYRCN L MYERS 
NASA/GCMSFC 

44118 

D 

80401 

GEO C MARSHALL SPACE FLIGHT Cl 
MSFC AL 0 

MICHAEL NAllY 
SCLAR MECHANICAL 
324 7 VINCENT 
MINNEAPOLIS, MN 

IRAJ NASSIROGHLI AlA 
NASS PACIFIC CORP 

35812 

D 

55412 

3344 N TORREY PINES CT SUI 250 
LA JOLLA CA l 

92037 



JACK f NELSON 
AMcTEK POWER ~YSTEMS GROUP 
1025 POLJ~SKI ~CAD p 
TUYLAND PA 

18974 

JOHN NEttLEtON 
JERSEY CITY REDEVELOPMENT ~GCY 
3000 KENNEDY EL~D F 
JERSEY C lTV NJ 

BRUCE NEwMAN 
HURON VALLEY ~ECH 
283l BEACON HILL 
ANN ARBOR, MI 

THOMAS J NEWTCN 

07306 

c 

48104 

NORWALK STATE TECHNICAL CCLLEG 
69 SHADY KNOLL LA~E P 
NEW CANAON CT 

JANET NICHOLS 
GE PO BCX 8661 
ROOM 7353 BLDG 1 
PHILADELPHIA P~ 

ANNE NICKERSON 
COOPE~ATIVE 

ROUTE#2 
DOVER NH 

RC N I£SS 
WES TI NGHCU SE 
BOX 2510 
STAUNTON VA 

NICK NIKITIN 
VAN GAS INC 

EXT ENS ION 

HECTRIC 

3625 N PARKWAY DRI~E 

FRESNG CA 

CHARLES M NOEL 
HUGHSON CHEMICALS 

06840 

p 

19101 

SERVICE 
p 

03020 

CCRP 
p 

24401 

L 

93711 

2000 WEST GRANDVIEk BLVC 
ERIE PA 

f 

16.512 

A-53 

STEVEN R NELSON 
NORTHEAST SOLAR ENERGY CENTER 
70 MEMU~IAL DRIVE P 
CAMORIOGE MA 

JACK 0 NEUBAUER 
USDA fARMERS HO~E AOMN 
PC ecx 1737 
BISMARCK, NO 

MARShA t\EW8URN 

02142 

0 

58501 

SOLAR CONFERENCES TRINITY UNIV 
BOX 79 715 STADIUM OR C 
SAN Af\TQI\IG TX 

78284 

PHIL NGUYEN 
NAVAL CONSTRUCTION B CENTER 
ARCHITECI CODE 841 
PORT HUENEME CA 

WAYNE/SUE NICHOLS 
CC~ti.UNICO INCL 
RR 3 SETON VILLAGE 
SANTA FE NM 

CHARLES 
"' 

NICKLES 
STOCKTON STATE COLLEGE 
POMONA "J 

DAVID A liiGERO 
us SOLAR INDUSTRIES 
25 "' FlFTH 
LONDON, CH 

KENNETH M NISHIMOTO AlA 
147 SO LOS,ROBLES AVE 
PASADE"A CA 

CHRl S f\Cll N 

93041 

L 

87501 

p 

08240 

0 

43140 

l 

91101 

NYS ASSEMBLY .ENERGY £ ENVIR 
UNIJ RM 519 STATE CAPITOL P 
ALCAt-.Y NY 

12203 



KEMPER NCMLANC JR 
310 MAVIS DRIVE 
LOS' A~GELES c.a 

OTTO J NUSSBAUM 
HALSTEAD t MITCHELL 

l 

90065 

PC BOX 1110 DIV Of HALSTEAD IN 
SCOTTSBORO Al C 

· 3.5 76e 

ROBERT E G'CONNCR,JR 
VIRGINIA CCMMCN.WEALTH UNIV 
327 W MAIN ST P 
RICHMDNCrVA 

ANTHONY O'KEEFE 
NEPTUNE & THO~AS ASSCCS 
1560 W COLCRAbO Bl~O 
PAS.-OH-iA CA 

WILLIAM f C1 CCNNEll 
NORTHERN DIVISION 

23284 

l 

91105 

NAVAL AIR DEVELOPMENT CENTER P 
WARMINGTON PA 

JOHN OGDEN 
OEPT (F HUO 
15 SPRING ST RM 702 
ATLANTA GA 

WILLIAM L CLLIVIER 
GENERAL CONTRACTOR 
601 E MAl N ST 
MOCRESTGWN,NJ 

ERIC OLSON 

18974 

( 

30303 

p 

08057 

NORTHEAST SOLAR ENERGY CENTER 
70 MEMORIAL OR F 
CAMBRIDGE,MA 

02142 

RICHARD OOT 
ROCHESTER INDUSTRIAL INSULAT 
1631 CEWEY AVE P 
ROCHESTER,NY 

14615 

A-54 

kiLLIAM NOVAK 
RD BITZER CO INC OF PHILADELPA 
28 S MAIN STREET P 
COOPERSBURG PA 

18036 

JCHt\ C 1 ERIEN 
ROOFING t SHEET METAL CONTRS 
4333 RIVER DR P 
PHILADELPHIA PA 

JOHN G1 HARE 
CLARK E'UIPMENT CG 
CIRCLE OR 
BUCHANAN, Ml 

ROY E OB~~MILLER PE 
REO EI\GINEERING 

1 3271h t OAK GRCVE RO RR2 
PACtA KS 

JOE C1 CCNNCR 
T-OR Ill INC 
121 ELLSWORTH ·BLDG 8 
ANN taReCR, Ml 

PETER K IJGLE 
BCNNER,FUNK t ASSOC 
BOX 7257 
W IUHNGTON ,DE 

PATRICIA A OLMSTED 
OLMSTED ENGINEERING CO 
2320 AERC PARIC CT 
TRAVERSEr Ml 

R B Cl SGN 
AOOISC~ PRCOUCTS CO 
PO eox 63 
A 0 D J SON, M I 

RITA E ORMASA 
PRC/ENERGY ANALYSIS CO 
7600 OLD SPRINGHOUSE RO 
MCLEAN, 'VA 

19L29 

0 

49107 

0 

66071 

0 

481.04 

p 

19803 

D 

49684 

D 

49220 

04 

22102 



PAUL C CSTRANCER 
NJ DEPT CF CO~M AFFAIRS 
620 WEST STATE ST~EET 
TRENTCN,NJ · 

N B OSTRYE 

p 

08652 

GENER~L DEVELOPMENT & SUPPLY 
RT 1 BOX 342 c 
DEATS\IILLE AL 

36022 

DAVID H OTTO 
ENERGY CONSERVATION EQUIP CORP 
1527 C ROAD 0 
LOXAHATCHEE FL 

RONALD L OVERTON 
MUELLER ASSOC INC 
1900 SULPHUR SPRING RD 
BALTIMORE, MD 

MARIE PALAZINI 
BOX 344 
ROCHESTER, MI 

DAVID A PALUMBC 
UNIVE~SITY OF FLORIDA. 
138 NO 13TH PL 
LANTANA FL 

AL PANSEY 

33470 

0 

21227 

.D 

48063 

33462 

NORTHEAST SOLAR' ENERGY CENTER 
70 MEMORIAL OR P 
CAMBRIDGE,MA 

JOHN PATTEN 
HOYEM & BUSSO ASSOC 
974 HIGHLANDER 
LAKE ORION, 1"11 

EJ PA.TT I SCN 
SUN RAY SOLAR SYSTEMS 
2429 SEMINOLE ST 
WINOSCN ONTARIO, CANADA 

02142 

0 

48035 

0 

M8YlY2 

A-55 

HELEN CSTR¥E 
GENERAL DEVELOPMENT & SUPPLY 
RT 1 eox 342 o 
DEATSVILLE AL 

.36022 

VICTOR 8 OTTAVlA~O 
OTTAVIANO TECHNICAL 
150 BRCADHCLlGW RO 
MELVILLE, NY 

SERVICE 
p 

11747 

KAREf\ CUZTS. 
SMALL HOMES COU"Cit/UN OF IL 
1 E ST MARYS RD 0 
CHAfiiPAIGN, Il 

MICHAEL PAKERHAM · · 
TfE PHILADELPHIA INQUIRER 
400 N BROAD ST 
PHILADELPHIA,PA 

JOSEPH E PALMER 
HEYBURN FARMS BLDGS· 
8 P IC'I<wiCK ,LANE 
MALVERN,PA 

ALFRED PANEPINTC 
MONTEBELLO 
SPRING MT,PA 

JOAN PARTINGTON 
FLORIDA SOLAR COALITION 
400 CARTLAND AVE . . 
WINTER PARK FL 

DONALD R PATTERSON 
ARGONNE NATI~NAL LA~· 
BLDG .362 
ARGONNE IL 

61820 

p 

19101 

p 

19355 

p 

19478 

0 

32789 

L 

60439 

w T PEAKE 
CHEVRON OIL FIELD ~ESEARCH CO 
PC EGX ~46 L 
LA HABRA CA 

906]1 



.$TEPHEN C PEASLEE 
. CT HOUSING FINANCE AUTHCRITY 

190 TRUMBULL ST F 
HARTFGRC,CT 

GABRIEL P EORA ZA. 
HOFFMAN £ LARACHE INC 
KINGSLAND ST eLCG 105 
NUTLY,NJ 

ROY l PELLATT . 
WEATHER SYSTEMS MECH IN'c 

06103 

p 

07110 

PO BCX 4190 319~ DE LA1 (~UZ eL 
SANTA CLARA CA 

ROBERT A PENNABERE 
EDWARDS ENGINEERI~G CC~P 
101 ALEXANDER AVE 
POMPTON PlAINS,NJ 

94022 

F 

07444 

CHARLES f PEREGOY 
CITY GF CULVER CITY PL~ANN lNG 
9770 CUL~ER BlVD l 
CUL,VER CA 

90230 

KENNETH E PERELY 
GENERAL TELEP~ONE CO OF CALif 
100 WILSHIRE 8lVO l 
SANTA MOI\ICA CA 

SUSAN PERLCFf 
NATL SCLAR INFO CENTER 
20TH PARKWAY 
PHIAOELPHIA,PA 

MELVIN PERVAIS 
AMALGAMATED SERVICES,INC 

90401 

p 

19103 

3466 PROGRESSE OR.SUITE 204 P 
CORNWALLIS HTS,PA 

19020 

SHERWOOD R PETERS 
LAWRENCE BERKELEY LABORATORY 
1 CYCLOTRON ROAD l 
BERKELE'W CA 

9470CJ 

A-56 

R PECINA 
ARGO~NE NA1 1 L LABORATORY 
9700 SOLTH CASS AVE SLUG 817 0 
ARGONNE ll 

JOHf\ M PEEPLES. 
CALIF PUB UTIL CCMM. 
STATe" BLDG CIVIC CENT RM 5178 
SAN f~ANCISCO CA t 

DAVE PEttiSH 
US ODE 
20 MASS AVE RM 3204 
WAS.HINGTCN,DC 

CLARK ~ PENNINGTON PE 
BU:lCK & ASSOCIATES . 
PO BOX 13977 
GAINES'JILLE fl 

PERCIVAL E PEREIRA 
COST lNFGRMAllON SYSTEMS 
PO BCX 28 
PRINCETON.,NJ 

RAY M PERKINS 
TEC INC 
424 W 5TH ST 
KANSAS CITY 

WILLIAM JOHN PERSSON 
HELICTHERM,INC 
1404 SUSAN AIJE 
CRCVOON,PA 

HARRY PESCHEL 

94102 

OPGL 

20545 

0 

32604 

p 

08540 

0 

66110 

p 

19020 

AMERICAN 1NSTITUTE CF DRAFTING 
1616 CRTHGOOX ST P 
PHilAOELPHIA,PA 

CONNIE PETERSON 
PHOENIX SCLAR CENTER 
2925 N 24 ST 
PHOENIX AR 

19124 

L 

85016 



JACK N PETERSCN 
JP INDUSTRIES 
103 LAK~ SEA~S DRIVE 
WINTER HAVEN 

OOUGL~S A PIANKA 

0 

33880. 

BIG CI.TY AIR CONOITICNING INC 
12117 PRAIRIE A~E l 
HAWTHORNE CA 

LOUIS H PINKNEY 
HOW~RO CO GOVERNMENT 
3430 COURT HOUSE CRl~E 
ELLICOTT CITY7MO 

OA~LENE F PITTMAN 
CAROLINA PROPERTIES 
PO BOX 1811 
SALISBURY NC 

DA~ID W PLACE 
PO BOX 38 
SOUTHPORT CT 

JAMES PLUMB 
LIVING SYSTEMS 
RT 1 PO BOX 170 
WINTERS CA 

KEN PCLK 
POLK CONSTRUCTION CO 
224 MYRTLE ST 
HALF MOON BAY CA 

~ I L Ll AM C P 00 L E 
REDDING ENGINEERING 
763 N 47TH ST 
PHILAOELPH lA, P~ 

DAVID 0 PCRTER 

90250 

p 

21043 

L 

28144 

p 

06490 

l 

95654 

L 

9401~ 

p 

UNIVERSAL SOLAR OEVELOP~ENT 1~ 
1633 ACME ST C 
CRLANOO FL 

32805 

A-57 

PETH PF.ISTER 
ARCHITECTURAL AlliANCE 
400 CLifTON AVE SOUTH 
MINNEAPCLIS, MN 

DOMINIC PICINICH 
HCBOKEN COMMUNITY 
84 WASHINGTON ST 
HOBOKEN,NJ 

THO~A S PIS A.R EK 
KLING-LINDQUIST INC 
1401 ARCH ST 
PHILAOELPHlA,PA 

DCNNA W PITZ 

0 

55403 

p 

p 

.. 
19102 

MONRCE,CO PlANNING COMMISSION 
BOX 2337,RO #2 . P 
STROUOSBURG,PA 

JOHN M PLACKE 
BARR ENGINEERING CORP. 
30708 CALLE RESPLENOER 
SAN JUAN CAPISTRANO CA 

JOHN PGGCRELC 
BROW~ CCUNTY ENERGY ~TR 
PO BOX 684 
GREEN BAY, WI 

ANTHCNY PGMPO A 
658 i" RClllNG RC 
SPRINGfiELO,PA 

PATRICK POR~ARELLO 
fMHA USCA 
518 E CHERYL CRIVE 
PHGHiiX Al 

RCBERT PeRTER 
2015 DAY SJ 
ANN ARBCR, M I 

18360 

92675 

54305 

p 

19064 

L 

85020 

0. 

48104 .. 



VINCEf\T PORTUESE 
1740 f'IAPLE ST 
SANTA. MCN I CA CA 

RICHARD E POWEllc-
BOHLI~ POWfll eROWN ARCHITECTS 
182 N fRA"'.i<LI~. ST P 
WILKES-BARRE,PA 

WilliAM PRIEST 
WBNG RAOIC 
BOX 603 
BRYAN, GH 

WILLIAM A PRINCE 
GCV OfF 
PC BGX 11450 
COLUMfiA SC 

MICHAEL PROGEN ~ 
228 CHESTNUT VALLEY ·CH 
DOYLES lOiN, P.A 

LAD l PRUCHA 
ARGONNE NAT'L LAB 
413 NO WASHINGTO~ 
WESTMONT IL 

GENE PRZETOCKI . 

18701 

c 

43506 

0 

29205 

p 

18901 

p 

6055C3 

CEW GENERAL CC~TRACTI~G,CO 
23-35 81ST ST p 
JACKSCN,NY 

: ' .... 
Ll370 

JACK A RABON 
REEDY CREEK UTILITI£S,CG INC 
PC BOX 40 .. . ~ C 

LAKE BUENA VISTA fl 

RUDY RALPH 
RALPH .REALTY 
6 07 HARTFORD OR 
CINNAf'IUNSCN,NJ 

32830 

p 

08077 

A-58 

PEGGY PORTER 
NASA-MSFC 
2225 GCLF RD 3U! 
HUNTSVILLE AL 

DEAN PRICE 
GEORGETCkN UNIVERSITY 
37TH t { SlREETS,N~ 
WASHINGTON.OC 

RAUL PRIGGIONE 
C & R CCNSTR 
1740 W 255 ST 
LCMITA CA 

RALPH H PRCCTCR 
PCLY l~DUSTRIES INC 
200~ S BAKER AVE 
ONTARIO CA 

DONALD PRGWLER 
UNI~ERSITY Of PENN 
22.1e ST JAI'!ES ST 
PH.ItAOElPH1A,PA 

·BRADFCRC L PRYCE 
ClTY OF EAST LANSING 
410 ABBCTT RO 
EAST lAr\SING, Ml 

THOMAS PURCEll 

0 

35802 

p 

20057 

90717 

L 

91761 

19103 

D 

48823 

CClLEGE OF THE VIRGINIA ISLAND 
CARIBBEAN RESEARCH INSTITUTESP 
ST THOMAS,WV 

00801 

RONALD A RADKE 
Ml PUBLIC SERVICE CCMMISSICN 
PC BCX 30221 D 
LANSING, Ml 

48909 

ALEXANDER H RAlSTON,JR 
ENERGY MANAGEMENT SERVICES 
117 SO 11TH ST 
PHILA,PA 

p 

19103 



DAVID J RAMBG 
SQN SCLilR 
14007 BRIARDALE LANE 
TAMPA FL 

KfllH RllNCALL 
NESEC 
70 MEPJGRIAL OR 
CA~BRIDGE,MA 

DEAN RAI\DlE 
H V HARKINS ~ ASSGC 
1420 18TH ST 
DENVER CG 

PAUL RAPISARDA 
ARTHUR D LITTLE INC 
ACCRN PARK 
CAMBRICGE MA 

THOMAS J RAJH 
CITY PLANNING CEPT 

0 

3361E 

F 

02142 

l 

80202 

c 

023024 

RM 655 CITY HALL 200 N SPRING 
LCS AI\GELES CA l 

90012 

ROY R RAY JR 
TEXAS ENERGY AD~ISGRY COUNCIL 
7703 N LAMAR SUITE 501 C 
AUSTIN 'TX 

78752 

DANIEL J REDDEN 
BALCOM GENERAl CCNSTRUCTION 
36 ARGUS 
BUFFALC,NY 

URSULA M REED 
ROUSE-PHILADELPHIA 
1234 MARKET ST SUITE 11S 
PHILA,PA 

CARTER M REID 
NEW DETROIT GLASS WbRKS 
57 HARPER AVf: 
DETROIT, MI 

14207 

p 

19101 

48202 

A-59 

WilliAM RAND 
SCLA~ UEVELCPMEI\1 11\C 
3630 REESE AVE GARDEN IND PARK 
klVJt~A BEACH Fl C 

.33404 

J PARKE RANDALL 
PECSCK JELLIFFE ~ RANDALL 
1012 EAST 15Th ST 
INCIANAPOLIS, IN 

0 

PAULA RAPHEL 
ThE RClJSE CC 
1234 MARKET ST 
PHilADElPHIA,PA 

GEORGE e RAST PE 
RAST ~ ASSOCIATES 
517 kAPPCG RO PO DRAWER 
CHA~LESTON Sr. 

DAVIS I RAWAL 

462t,O 

p 

31839 
0 

29407 

AlliED AfRCG SERVICES INC 
375 THC~ASTCWN AVE PC SOX 2477 
WATERBU~Y Cl P 

GABI<IEL RAVES 
BANI< Cf AMERICA 
555 SOUTH FLCWER STREET 
LCS AI\GELES CA 

BRUCE REDDING 
REDDY ENGNR 
76.3 N 47TH ST 
PHILAOEPHIA,PA 

GlENN. E REID 
417 UNIVERSITY BlVD 
Sll~EJC SPRING MD 

KEN REINHARD 
SOLAR OISTR18UTORS INC 
519 COMBIE RC 
LAKELAf\0 FlA 

06722 

L 

90071 

p 

19139 

0 

20901 

0 

33801 



DAVID A REISS 
IDEAl CCRP 
1000 PENNSYLVANIA AVE 
BRCCKLYN NY 

SIMON REN 
MOYLAN ENGINEERING 
22963 W OUTER OR 
DEARBORN. MI 

L 

11207 

48124 

HAROLC 0 RHYNECANCE JR 
wASHINGTON GAS LIGhT CCMPANY 
1100 fi STREET Nh 
WASHINGTCN DC 

ALFRED B RICE 
223 WCOCBRIOGE AVE 
METUChEN, NJ 

TOM RICHAROSO" 
PRCTEf\S INC 
321 S BRIDGE ST 
VISALIA CA 

GERHARD RIESCfi 

','• 

20080 

08440 

l 

93217 

JOINT RESEARC~ CENTRE,EURC CCM 
22 VIAMADCNNif\AlZ P 
LEGGIUNGIVA,ITALY 

MARTHA s RILEY 
2806 EVA TERR 
·LOS ANGELES CA 

ALBERT C RlQUElME 
US DEPT Of HUC 
22711 v lA SANTA ROSA 
MISSICN VIEJO CALIF 

SCCTT.RGBBIN 
MASEC 
12 56 lRAPP RD . 
EAGAN. MN 

2103S 

L 

90031 

l 

92675 

0 

55121 

A-60 

RICHARD T REMY 
HUGHES AIRCRAFT CO 
2237 VIA FERNANDEZ 
PALCS VERDES EST CA 

TEO REVOLT 
1457 PEARSON 
FERt\CALE, MI 

WILLIAM T RICCI 
SUf\SHINE STRUCTURES, 
383 ~GRTH THIRD ST 
SURF CIH,NY 

Bill RICHARDSON 

INC 

l 

90274 

0 

48220 

p 

08008 

NAT 1 l AERONAUTlCS & SPACE AOMI 
GEORGE C ~ARSHAll SPACE FLIGHT 
MARSHALL SPACE FLIGHT CTR AL 

CRAIG L RICHES 
HYDOR INOl:STRIES 
PC ecx 178.308 
SAN ClEGG CA 

JOE RIGHTER 
OPPORJUNITY BCARO 
BOX 65 
MONT CLJ\RE PA 

RCBERT RINKER 

25812 

L 

92117 

p 

19453 

LOS ANGELES COUNTY ENGR/FAC 
550 sc VERMGNT AVE 
LOS ANGELES CA 

AlAN RCBBINS 
DESIGNER BUILDING 
19 CAMP MEETING RC 
BCllCN,CO 

CHRIS ROBEIHSGN 
SHA~NEE SOLAR PROJECT 
2111/2 ._EST MAl~ 

CARBCNC AlE, ll 

l 

90020 

p 

06040 

D 

62910 



PJ\ULA E RGBINSCN 
LANCASTER CITY BUREAU Of PLAN 
120 N DUKE ST P 
LANCASTER,PA 

VINCENT P ROCK 
USDA fM HA 

17604 

SO BLDG USDA 12TH & INDEPEND 1 E 
WASHINGTON DC C 

GUILLERMO A RODRIGUEZ 
CITY OF MIAMI BLDG DEFT 
3319 PAN AMERICAN DRI~E 

MIAMI Fl 

JOHN A. RCEBUCK JR 
SOL-AIR ENERGY~ARf 
450 12TH ST (BOX 33381 
SANTA .MON I.CA CA 

DONALD M ROHA 
VITRO.LABORATORIES 
14000 GEORGIA AVE . 
SILVER SPRING. MO 

CR ROLLE 
DUPONT CR & N DEPT 
ROOM 0- 1648 
WELMINGTCN DE 

HARRY T ROMAN 

20003 

( 

33131 

L 

90403 

20910 

19898 

PUBLIC SERVICE ELECTRIC & GAS 
80 PARK PLACE RM 12331 P 
NEhARK NJ 

WilliS C RORKE JR 
PHilADELPHIA GAS ~ORKS 
PO BOX 3500 
PHILAIJELPHIA PA 

A ROSENTHAL 
TATAR ROSENTHAL INC 
141 N MAIN STREET 
BEL AIR,MD 

07101 

p 

19122 

p 

21014 

A-61 

THEODORE M ROBI~SON,JR 
OEPT OF COMM~NITY A~FAIRS 
2101 N FRONT ST BLDG #1 SUITEH 
HARRISBURG PA P 

FRANK T RODE 
IVY lECK COLLEGE' 
541 STANLEY AV<E 
EVANSVIllE, IN 

LARin RCOR IGUEZ. 
FLO~IOA POWE~ CORP 
3201 34# ST SO 
ST PETE~SBURG FLA 

DON E RO.GERS 
BUILDING & SAFETY DEPT 

17110 

D 

47711 

33711 

1111 E. MILL ST BUILQING-(1) l 
SAN BERNARDINO CA . 

92415 

JAMES D ROLAND 
FLORIDA SOLAR ENERGY CENJER 
300 STATE RD 401 0 
CAPE CANAVERAL FLA 

JACK ROLLINS 
MERCED COLLEGE 
19#t7 TEAK 
MERCED CA 

"ILLIAM ROME 
CITY Of SANTA MONICA 
1685 :14AIN ST 
SANTA MCNICA CA 

RICHARD W ROSE 
RICHARD W ROSE AlA ARCH 
89 E. COLCRAOO BLVD 
PASADENA CA · 

TOM ROTCHFORD 
SCLARGY INC 

32920 

L 

95340 

L 

90401 

l 

91105 

22028 ~ENlURA BLVO SUITE 205 l 
WOCOLANO HILLS CA 

91364 



MICHAEL ROTH 
MICHAEL ROTH t ASSOC ARCHITECT 
8003 FORSYTH SUITE 205 C 
CLAYTCN MO 

JIM ROTHMAN 
MASEC 
Ll600 67TH PL N 
MAPLE GROVE, MN 

JOSEPH J ~UBEL JR 
SENTE HANRATH RUBEL LTD 
1955 RAYMOND OR 
NORlHEROOK, Il 

JAMES L JIM RUSSELL 

63105 

.5536€ 

60(62 

MO HOUSE Of REPRESENTATIVES 
ROUTE 3 P 
SAVAt\~AN MO 

ROBERT E RUSS Ell 
THERMA TCCL CGRP 
280 FAIRFIELD AVE 
STANFCRO CT 

JCHr\ RYAN AlA 
ARCHITECT 
1726 AltAMONT AVE 
RICHMOND VA 

NICK SALAMONE 
M.ftRINJI SCLAR 
405 CULVER BLVD SUITE 6 
PLAYA DEL REY CA 

JE::FFREY SALCCKS 
FRCLCCK ENTERPRISE 
4 FAIRLAWN 
BALLSTON LAKE NY 

JOSEPH A SAMBACE · 
CITY CF BAYONNE 
6.30 AVENUE C 
BAYONNE NJ 

64485 

p 

06«302 

p 

23230 

l 

Ci0291 

p 

1201<1 

p 

01002 

A-62 

RICK.ROTHMAN 
SOLAR TRANSITION 
9965 BUSINE~S PARK AVE SUITE B 
SAN DIEGO CA L 

DAVID RCZELL 
loiESTERN SUN 
921 S.~. WASH1NGTON 
PORTLAt..D OR 

RAYMGNC J. RUSOFF 

92131 

L 

97205 

E~ER~Y CCNTRGL CE~TER INC. 
Bf:X T l 
KAAAWA HI HI 

OR. KENNETH H. RUSSELL 
ENERGY FACTOY 
1550 N. CLARK SJ. 
FRESNO CA 

JAN RUTLEDGE 
RUTLEDGE DENTAL OfFICES 
3535 HELEN AV. CRIVE 
TERRE HAUl Et IN 

MR HEN~Y C RYNIKER 
11118 ~f.lSPER SPRING 
SAN ANTCNIO, TX 

Nl,jRY SALAMONE 
MARINA SCLAR 
405 CUL~ER BLVD SUITE 6 
PlAYA DEL REY CA · 

FEN SALTER 

96730 

l 

93703 

L 

47802 

78230 

L 

90291 

LAWRENCE BERKELEY LABORATORY 
l CYCLOTRCN ROAD l 
eERKEL·E't CA 

KEITt-: SAMUELS 
CHESSMAN DEVELOPMENTS LTD 
211-17 AVE~UE S.w. 
CALG~RY ALBERTA CANADA 

94709 

L 

T250A4 



CHARLES R SANDBERG. 
COUNTY OF ORANGE , 
PO BOX ~048 400 CIVIC CNT OR l 
SANTA ANN A. CA 

HERMAN SANDS 
SANDS & SPERLING ARCHITECTS 
610 WEST END ~VENUE P 
NEW YCRK NY 

MICH~Al V SARTORI 
OPM-ENERGY. Dl \II S ION 
80 WASHINGTON ST 
HARTFCRO CT 

JAMES W SAULS 
NO MARION HIGH SCHGCL 
PO BOX 298 
SPARR Fl 

LEROY A SAYRE 

10024 

p 

06115 

( 

32690 

INTERNAT'l CONFERENCE Of BUilt 
5360 SOUTH WORKMAN Mill RCAD l 
WHITTIER CA 

JEFF SCERANKA 
LUCAS LANO CO. 
P.O. BOX 275 
RANCHO ~UCAMGNGA CA-

BARBARA SChELLER 

90601 

L 

9173G 

MASSACHUSETTS SlATE ENERGY CTR 
ROOM 849-73 TREMONT ST P 
BOSTON MA 

CHARLES G SCHIFF 
EAGLE COAST 
144 SUFFOLK ST 
SPR INGF lELO MA 

LAURENCE SCHMEIOLER 
70 MEMORIAL 
CAMBRIDGE MA 

02178 

p 

OllOS 

p 

02142 

A-63 

DANIEL SANDERS 
JOHN A CURRY & ASSOC, ARCH,INC 
325 CRAWFORD ST 0 
TERRE HAUTE, IN 

47807 

DALE SARTOR 
INTERACTIVE RESOURCES INC. 
117 PARK PLACE .. 
RICHMONC CA 

AllEN SATHER 
ARGONNE NAJ 1 l LABORATORY 
9700 CASS AVE 
ARGONNE, ll 

RW SAVEll 

l 

94801 

0 

60439 

LOUISIANA STATE UNIVERSITY MEO 
PC BCX 33932 0 
SHREVEPORT LA 

71130 

WESLEY R SAYRE 
DEFENSE LOGISTICS SERVICES.CTR 
195 SEEGLE· 0 
BAlTLE CREEK, HI 

49017 l 

KARL J SCHAMBECK ' · · . 
SEMTA 
660 WOCOWARD AVE FIRST NAT 1 L 0 
DETRCIT, Ml 

JERRY SCHIDKE 
406 ~IlDER PLACE 
ANN A_ReOR, Ml 

DEBORAH SCHILLER 
CCGENEL INC 
45 RGCKFELLER PLAZA 
NEW YCRK' NV 

CHARLES, SCHMITT 

60220 

D 

48103 

p 

10020 

SCHMITT REMODEL & CCNSTRUCTlON 
BCX 224 · 0 
CASCC, ~I 

54205 



Tt-:CMAS F SCHMCYER 
BERKS CCUNTY INTEIH'lED I u~ IT 14 
2900 ST LAWRENCE AVE 
READING PA 

GERARD SCHOEN . 
SOLAR POWER CCRPGPATICN 
4124 TOULOUSE STREET 
NEw ORLEANS L~ 

MIKE SChRAMM 
iNCUSlRY,f.IGt-l SCHOOL 
BOX 254 
CULLCM, I l 

RICHARD C.SCHUBERT 
WESTERN ~ICHIGAN UNIV 
KALAMAZOO 
KALAMAZOO, M I· 

AJ SCHUL THE IS 

p 

1CJ606 

( 

1011 Cj 

0 

60~29 

0 

ESCAMeiA COUNTY ~CHOGL BCARC 
215 WEST GARDE~ SIREET C 
PENSACOLA FL 

GEORGE SCHULTZ 
FUEL CIL NEWS 
PO BOX 308 
WH.ITEI-iOUSE. NJ 

32.501 

p 

08888 

GLEN SChUSTERMAN 
CCNSTRUCT~GN MGMJ ·ASSCC INC 
~1 PARK TERR P 
W ORAI\GE NJ 

KEN SCULLY 
OPPORTUNITY BOARD MONT CO 
sox 65 
MONT CLARE PA 

EDGAR C SEELY 3RD 
ROEBLING CCNSTRUCTIGN 
PO BCX 37 
ROEBLING NJ 

07052 

p 

1 ~lt.53 

p 

08554 

A-64 

ALII\E SCHOEN 
SOLAR P(WER CCRPORATION 
6043 CHAMBERLAIN DR 

'NEW ORLEANS LA 

\ 
MATHIAS SCHR~MER 
NAVAL NUClEAR POWER 
BLDG 835 CB.C. 
PORT HUENEME CA 

CARL SCHRODER 
AQUAPPLIANCES INC 
1.35 SUNSIHNE LANE 
SAN fi!.Af<COS CA 

AXEL SCHUETTE 
ecx 247 RD 1 
LEBANON NJ 

CARL J SCHULTZ 

UNIT 

0 

70119 

l 

93043 

l 

92069 

p 

0883.3 

PHILADELPHIA CONTRJBUTlONSHIP 
212 SOUTH FOURTH ST P 
PHILADELPH I.A PA 

19106 

BRIAN SCHUMACHER 
CALIF PUBLIC UTILITIES COMMI'N 
455 GOLDEN GATE AVE ROOM 2011 
SAN FRANCISCO CA l 

HENRY SCt-:WAB,JR 
429 RITTENHOUSE CIR 
HA\IERTlJhN P.O 

RICHARD 1. SECOCN 

94102 

p 

19083 

OPTICAL COATING LAB. INC. · 
P.O. BCX 15~9 l 
SANTA ROSA CA 

BARRY SEGAL 
13202 MILES COURT-APT 304 
L.aUREL MD 

/ 

95402 

p 

20811 



WILLUM W SEICEL 
TOWNSHIP OF M~RPLE 
MUNICIPAL BUILCING 
BRCOfoi,~LL P.A 

DCN B SEMEYN 
DOW CHEMICAl CC · 
4603 RCANCKE C T 
MIDLAND, MI 

JAMES G SEROV 
SOLAR OESTGN ASSOCIATES 
271 WASHINGTO~ STREET 
CANTCN MA 

RALPH SESULVEC~ 

F 

1900€ 

0 

48640 

p 

02021 

SCNCMA CO PEOPLES FCR ECCN OPP 
964 PINER ROAC l 
SANTA ROSA CA 

95401 

JEROME A SHAMROCK 
JERCME A SHAMRGCK t ASSOC. 
3002 MICVALE ~VE l 
LOS ANGf:LES Ct. 

B I SHAR~A 
OWENS-CORNING FIBERGLAS· 
TECHNICAL CENTER 
GRANV Ill, CH 

SCCTT L SHAW 
SWAIN OEVFLCP~ENT INC 
3001 EL GRECO CT 
BRANOCN FL 

DAVE SHEL TCN 
SHELTCN t ASSCCIATES 

. P.o. eox 495 
CARNELIAN BAY C A 

MICHAEL St-:EPP~RO 
COONEY Ef'IGR CC 
2349 SIX MILE RG 
SOUTH LYCN, Ml 

900.34 

c 

43023 

( 

33511 

l 

0 

48178 

A-65 

hENRY SEIDEL ~ 
MIChlGA~ CCNSCLADATEO GAS CO 
ONE ~OCO~t.RO AVE 0 
OETRCIT, Ml 

THEODOflE SENlE 
SENTE hANDRATH t RUBEL 
1c;55 RAYMOND CR 
N~RTHBROCK IL 

N(RM~N F SERIGSTAD 
H.U.C. 
17712 VILLAMOURA DR 
PCWAY Ct. 

MQ S'"'AIKH 
RCSE HALL~RCCM 305 
AU6LRN UNIVERSITY 
.AUBUf!N AL 

WAYNE E SHANNCN 

48226 

c 

60062 

L 

92064 

0 

.36830 

LCCKHEEO P~LC ALTO RES. 1AB 
.3251 H~~CVEH STREET l 
PALC-ALTG CA 

94304 

GEG~GE C. SHA~ ·· , ::. · 
EOWARO CARSCN BEAll S Ass· 
23721 HA~THCRNE BLVD l. 
TCRI<ANCE C/J 

90505 

LAURENCE W ·SHEFfER 
JRAC~ ENGINEERS INC 
BOX 102.llSBURN RO 
CAMP Hilt PA 

p 

17011 

BRUCE A SHEPHERC 
SHEPHERD ENGINEERING ASSCC 
1108 HCOPER AVE 
TCMS RIVER NJ 

p 

08753 

kM C SHERBIN' 
WESTINGHCUSE SCL/JR H & C 
5205 lfESBURG PIKE SUITE 201 
FA.LLS, CHURCH, VA 

22041 



KEN SHIFRIN 
239 SCHENCK A\IE 
GREAT NECK NY 

ROY SHIVE 

p 

11021 

GOV OFC SC Dl\1 Of ENERGY 
RESOUPCES,EDG~R BRCWN BlDG 
1205 PENDLETON ST . C 
COLUMBIA SC 29201 

DP SICNEY SHORE 
TCkNE BLOG/D3 
DEPT. Of CIVIL t URBAN ENG'S 
PHILADELPHIA P~ P 

19104 

GERRY SCHREVE ' 
GERRY SCHREVE ASSCC INC 
3000 TG~N CENTER SUITE 410 
SOUTHFIELD, Ml 

D 

48075~ 

PAUL SICCA 
SUNSHINE STATE SOLAR PRODUCTS 
2126 ·EDGEWOOD OR 0 
LAKElAND FL 

RUDOlPH,SICES 
901 LAWNDALE 
ROYAL OAK 
ROYAL OAK, Ml 

JOHN SlDORIAK 

33803 

0 

48C67 

PENN STATE UNIV OElAW~RE CO 
25 YEARSLEY MILL RD P 
MEOlA PA 

LEONARD SIERACSKI 
2698 COUNTRY CLUB RD 
PETOSKEY, MI 

STEPHEN SlL\IERSTEI~ 
1557 DOlORES ST . 
SAN FRANCISCO CA 

19063 

c 

49770 

94110 

A-66 

JEFFERSON SHINGLETON PE 
MUELLER ASSOCIATES INC 
1900 SULPHUR SPRING RD 

·eALT IMCRE MD 

RCN.dlD r. SI-\CRE 
THERMAL TECHNCLCGY CORP. 

.BOX 130 
S~C~MASS CG 

DAVID SHRE\IE 

p 

21227 

81654 

GERRY SHRE\IE,ASSG~tiNC 
3000 TOWN CENTER SUITE 
SCUTHf 1 ELD, M I 

410 D 

J RCBERT SHUMAR 
WISTAR INSTITUTE 
36 STREET AT SPRUCE 
PHilAOELPHlA.PA 

CHARLES SICGNClfl. 
ALBA~Y HOUSING AUTHORITY 
20 WARREN ST 
ALBANY NY 

PAUL H SIDLES 
A~ES LAB~RATDRY-DCE 

1506 wiLSON A~E 
AMES, lA 

LARRY· SIERADSKI 
SUNRISE 
996 ~ACKINAW HW'Y 
PELLSTOI\, Ml 

ALAN SILVERSTEIN 
1557 DCLGRES STREET 
SAN F~~NCISCO CA 

STEVEN R SIM 

48075 

p 

19104 

p 

12202 

D 

50010 

D 

49769 

94110 

CONNELL METCALF & EDDY INC 
1320 S DIXIE HIGHWAY 
CCRAL CABLES fl . 

331.34 



JOHN J SI,..MCNS 
UNITED REFRIGERATICN INC 
2 WATERVIEW RO APT E-6 
WEST CHESlt:K HI 

ANDREW SIMPSON 

p 

19380 

WAMY CO~MUNITY ACTION INC 
PO BOX 552 ( 

BCCNE NC 

I SHWAR, S·I NGH 
OEP.T CF CHEMl STRY 
MOHA"I< CCll.EGE 
HAMILTON ONT, CANACA 

MICHAEL SIZEMOI~E 

SIZEMCRE/CRS 

28607 

L9G1E6 

1900 EMERY SJ., NW,STE 210 
ATLANTA GA 

c 

EDWARD PAUL SKIBITZKE 
AlA ARCHITECT 
700 ALMA REAL OR 
PACIFIC PALISADES CALIF. 

ROGER SlOAr\ 

3031S 

90272 

MISSICN VIEJO AIC & HEATING 
21947 YELLOWSTONE LANE L 
EL TORC CA 

GREG SMITH 
GREGG-GANGI DEVELOPMENT 
130 SC JACKSON ST 
GLENO~LE CA 

JEFfREY M SMI.TH. 
OPM-E~ERGY DIVISJON 
80 WASHINGTCN ST 
HARTFORD CT 

MR ~ACLYN L SMITH 
lEIGH WAYNE LTD 
P.o. eox 361 
VERDUGO CITY CA 

92630 

L 

91205 

p 

06115 

L 

91046 

A-67 

EMEPY SIMON JR 
GEN'L TELEPHONE COMP'Y OF CAL 
100 ~ILSHIRE BLVO L 
SANTA MONICA CA 

H SINGH 
ARGONNE NAT 1 L lAB 
9700 S CASS AVE 
ARGCNNE ll 

kllliA~ A •. SINGLETON 
BURNS & MC OONEll ENGR CO 
PO BOX 173 
KANSAS MO 

ROGER SKELTON 
HORllCN ENTERPRISES,INC 
lOll NW 6 ST 
HOMESTEAD fl 

WALTER SKOGLUND 
CITY OF OTSEGO 
117 E CRLEANS 
OTSEGO, Ml 

JOSEPH C SLOANE 

90401 

p 

60439 

64141 

0 

D 

47078 

SLOANE PLG HTG & COOLING CO 
1117 MAY Sl 0 
LANSING. IH 

48.906 

HARCLO SM HH 
OEPT CF GENERAL SERVICES MD 
301 W PRESTON ST ROOM 1405 P 
BAlllMCRE MO 

LINDA J SMITH 
PRC/ENERGY ANAL~SIS CO 

21201 

7600 OLO SPRINGHOUSE RD PIKE 0 
MCLEAN \lA 

22102 

SUSAN L SM llti 
SUlllVA~ COUNTY C0 1 E EXTENSION 
59 N MAIN SJ 3 flOOR P 
LIBERTY NY 

1275.4 



J/JY w SMITH 
ADM BLDG CCUNCll CF INDIANA 
215 N SENATE AVE 0 
INOIANAPCLIS, IN 

46204 

CH.tiRLES C SNICER 
PORTLAND AREA INOlAN-HE.tllTH 
1220 Sw THIRD AvE.RCCM.476 L 
PORTLAND, OR 

97204 

TEC SNYDER 
ENERGY ENGINEERING RESEARCH 
PO BOX 05986 C 
fORT ft!YERS Fl 

LORETTA SGeiESI<I 
DOW CORNING CCRP 

.33S05 

3901 S SAGINA~ RO PO BOX 15920 
MIDLAND, MI 

FRANSIS SONICO JR 
EOUCTfCONICS 
1228 "EST M Sl 
WILMINGTON CAL 

WilliAM SOULE 
DOE 
P.c. eox 1446 
CONCGA PARK 

MR ROeEPT M SOWERS 
FCPD MOTOR CO 

48640 

l 

90744 

l 

91304 

GLASS TECH CTR 25500 ~ G~TER D 
LINCOLN PARK, MI 

4814(: 

HARRY M SPARKS JR AlA 
ARCHITECT LANCSCAPE t PLANNER 
P.G BCX 175 SUITE 305 l 
FRANKFORT KY 

40602 

ROLAND SPRESSART 
Olv OF BLDG & CONSTRUCTION 
STATE OF NJ PC BOX 1243 
TRENTCN NJ 

p 

08625 

A-68 

NANCY SMOW 
S.C. P .• E.G. 
964 PINE~ RO 
SANTA ROSA CA 

JAMES SNYDER 

L 

95401 

ENE~fY ENGINEERING RESEARC~ 
PC BCX 05986 0 

. FORT MYERS fL 
33905 

TERRI l SNYDERMAN . 
INST 1 E Cf ENERGY CONVERSION 
U OF DE ON£ PIKE CREEK CENTER· 
WIL~INGTCN DEL P 

19808 

LORNN SGOERSTRONN 
CARTER HAWLEY HALE STORES INC. 
550 S. flOwER ST. l 
LA CA 

THOMAS J SOTOLONGO 
AMP INC 
855 SO BAYWAY BL~O #C-&06 
CLEAR~ATER BEACH Fl 

DAVID C SOUThwARD 

90071 

0 

3.3515 

ENE~GY ENGINEERING RESEARCH 
Po ecx 05986 o 
FORT ~YERS Fl 

3.3905 

RALPH k SPARGO 
AROSA-OfvELOPME~T & MANAGEMENT 
2915-C ~EO HILL AVE SU.ITE 106 
COSTA MESA CA L 

92627 

PHYLLIS SPERLING 
SANDS t SPERliNG ARCHITECTS 
610 ~EST ENO AVENUE P 
NE~ YO.RK NY 

CRAIG ST CYR 
ST CYR PLUMBING & HEATING 
PO BCX 142 
BENNINGTON, \IT 

10024 

D 

0.5201 



JOSEPH ST CYR AlA 
SOLAR WIND ENERGY SYSTEMS INt 
10833 FARMINGTON RO 0 
LWNOIA, M.l 

ARTHUR J STAINNER 
CMI SYSTEMS CCGL-C-MATlC 
38 SOUTH STREET 
MANVILLE NJ 

E L STANLEY 
ALTERNATE ENEFGY SYSTEMS· 
BOX 36 
GWYNEDD VALLEY PA 

STANLEY 0 STARR 

48150 

p 

08835 

p 

1~437 

FLGRIDA SOLAR ENERGY CENTER 
300 STATE ROAD #401 0 
CAPE CA~AVERAL fL 

ELLIS J STEARNS 
143 GPANT AVE 
COCOA BEACH Fl 

MARIL~N STEIN 
HUDSON PUBLISHING CO 
289 S. SAN ANTONIO RO 
LOS ALHlS CA 

ROBERT 8 STEINHOFER 
RESEARCH PRODUCTS CORP 
1015 E wASHINGTCN AVE 
MADISON, WI 

RAYMUND STERLING 

32~22 

32~31 

L 

94022 

53701 

UNDERGROUNC SPACE CTR UNIV OF 
MN II M(N MET BLDG 221 CHURCHC 
MINNEAPOLIS, ~,f\ 

HERMAN STIGLMEIER 
RT 1 BOX 5175 ~GLCA 
KAVAL HI 

55455 

L 

~6756 

A-69 

GILBERT H STACY 
DEERfiELD ~CADEMY 
AlBAf'IY RCAD 
DEERFIELD MA 

LARRY STAINS 

p 

01342 

ROOALE PRESS INC NEW SHELTER M 
33 E MINOR ST P 
EMMAUS PA 

JERE~Y STARCBIN 
TOTAL SOLAR INC 
615 ASH80URNE RC 
ELKINS PARK PA 

BERNICE T STEADMAN 
CRESTHAVEN CCRP 
1172 KNGLLCREST Cl 
TRAVERSE CITY, Ml 

ARTHUR SJEIKER 
MATHTECH INC 
10 FRANKLIN CORNER RO 
lAhRENCEV lllE NJ 

MORRIS H STEIN 

18049 

p 

19117 

0 

49684 

p 

08648 

STEIN, HJNKLE,OAWE & ASSOC~ARC 
1120 KEYSTONE AVE D 
LANSING, MI 

MITCH' STEINMAN 
SANDERS & THOMAS 

.48910 

VALLEY ~lEW APT YORKTOWN 9 
POJTSlOhN PA 

p 

19464 

REBECCA STEftART 
CITY CF ST PETERSeURG PLANNING 
205 qJH ST NORTH ROOM 202 0 
ST PETERSBURG FL 

.33701 

DAVID HK STILES 
CERTIFIED SOLAR SYSTEMS INC 
1500 W CHURCH 51 0 
ORLAf\00 FL 

32805 



HAROLC STOKES 
5101 EVERGREEN ,_3 
DEARBGRN HEIGhTS, ~I 

STONEY SILL 

48121 

SBEC C 
2300 PEAC~FORC,STE 1250 EXCHA~ 
ATLANTA GA 

JOEL A STRASSER 
Hill & Kt-.OiLTGN 
633 THIRD AVENUE· 
NEW YC RK NY 

JO~ STR/ITJON 

3033E 

F 

10901 

CHAFFEY CCMMUNITY CCLLEGE 
5885 HAVEN AV. l 
ALTA LOMA CA 

91701 

DANIEL STRAUSS 
CITY LOS ANGELES CITY HALL 
200 ~. MAl~ ST ROOM 890 
LOS At\GELES CA 

L 

STEVE STRONG 
SOLAR DESIGN ASSCC 
271 wASHINGTON STREET 
CANTCt\ MA 

STEPHAN IE STUBBS 
AlA RESEARCH CORP 

· 1135 NEW YCRK AVE t\~ 
WASHINGTON, DC 

GEORGE, SUCKAR IEH 
UNIV OF. Clt\CI~t\ATI tCCAS) 
100 E CENTRAl PARKkA¥ 
CINCINNATI, OH 

DAVID K SUMMERS ~ 

90012 

p 

62021 

(J 

20006 

45210 

PUBLIC SERVICf COMPANY CF NM 
P.o sex 2267 L 
ALBUCUERQUE NH 

87103 

A-70 

RICHARD G STOll 
FEDERAl BLCG DEPT OF ENERGY 
EI-63 RM 4530 P 
WASH DC 

DORA A STCRKCVICH 
LAWRENCE l"IVERMtRE LAS 
288 lARLIS\iE wA'f 
BENICIA CA 

THOMAS STRAT 
THGHAS STRAT ASSOC 
799 STEPHENSON ~IGHWAY 
TROY, MI 

FRED C STRAUB 
FRA~KLIN RESEARCH 
20 f. THE PARI<t-AY 
PH.ILA PA 

GAIL STRINGER 
GERMANlC~N HCHES INC. 
5300 GERMANTC~N AVE. 
PHILADELPHIA 

MARCIA M STUART 
DEPi. CF ENERGY 
20 ~ASSACHUSETTS AVE NW 
WASHINGTON DC 

Bill SlUCSTILL 

20461 

l 

94510 

D 

48084 

p 

19103 

p 

lql44 

p 

20585 

SOUTHERN SOLAR< ENERGY CENTER C 
2300 PEACHFORC,STE1250 EXCHANG 
A"ILANTA GA 

WilliAM A SULLI~AN 
2612 CHU~CHILL RC 
SPRit-.GfiELD ll 

FREC R SWA~N 
STAR SYSTE~S SOLAR H/C 
5913 NOi~TH B ENO RD 
ASHTABULA, Oti 

30338 

p 

62702 

D 

44004' 



EC SW~NSON 
SUN CESIGN 
ST GERMAIN, WI 

JACK S WERMAN> A lA 
405 AVE CF THE STATES 
CHESTER PA 

STEVE SZABLF.WSI<I 
PO BOX 4660 
MARTINEZ. GA 

WM STEVENS TAeER JR 
HARDISON & KO~ATSL ASSOC. 
522 WASHIIIIGTC"·ST 
SAN F~ANCISCO CA 

SHUJI TAKETOMG 
CITY GF GAR DENA 
1700 W 162NO SlREET 
GARDENA CA 

LARRY TAMASHI~O 
NEVADA POWER CC.. 
C TSD 
LAS VEGAS NV 

JACK TAREN . 
u.s. ~ssoc. Illic 
2944 NEBRASKA AVE 
SANTA MONICA CA 

JCHN TAYL~R 

ENERGY PERSPECTIVE 
eox 56<j 
NEW LCNDCN NH 

ROB UYLOR 
SAN DIEGO GAS & ELECTRIC 
P.O BCX 1831 
SAN 0 IEGO CA 

c 

5455S 

p 

19013 

( 

30907 

l 

94111 

L 

90247 

L 

l 

90404 

p 

03257 

l 

92112 

A-71 

' 
JAMF.S N SWENSCN 
REVERE CGPPE~ & BRASS INC 
60.5 TH lRD -A\1 E p 

'NEk YORK "'i 

ELR( SWINDLE 
AIRC~AFTMAN 

PO BCX 628 
M ILlBRCCK Al 

JAMES SZAFRAN 
GRAIIiO ISLAND HIGH SCHOOL 
1100 RA"SCN RC . 
GRANO ISLAND, N~ 

RICHARD E TAG 
12 SF.CCI\0 AVE 
DEt\VILLE 1\J 

RAJ TAUiAR 
M A S E C 
12.56 TRAPP RD 
EAGAN, ~t\ 

KING FOCN TANG 

10016 

c 

36054 

0 

14072 

p 

07834 

0 

55121 

CFFICE CF CGMMUNlTY ENERGY 
PO BC X 1.56 p 
HARRISBU~G PA 

HECTOR ~. TATE AI~ 
HOWARD CHO~ ASSGC./ENGR 
2901 RO~ENA AVE. 
lOS ANGELES CA 

I< Hi~A HYLGR 
RCLLINS ·cOLlEGE 
1 0 5 P I N E A P P l E cc·u R T 
LCNGWCCO Fl 

WILLIA~ HENRY 'TAYLOR 
147 S LGS ~ABlES AWE E 
PASADENA C.A 

17120 

l 

90039 

c 

32750 

l 

91101 



I 
I 

MIKE TAYLGR 
INTERLOCAL CO~~ ACT P~OG~AM 
1933 SO 18TH PC BOX 644 C 
NEW CASTLE, U. 

NORMAN TEPLEY 
DEPT OF PHYSICS 
OAKLAND UNIVERSITY 
ROCHESTER, Ml 

JEFF THEISEN 
SCLSC~CE 
PO BOX 2732 
APPLEJON, WI 

JAMES R ThOMAS 

47362 

0 

48063 

c 

54Sl3 

VA POLY INST & STATE UNIV 
MECHANICAL ENGINEERING 
BLACKSBURG VA 

( 

MARY l THOMPSON 
AUTOMATION INC INC 
VITRO SER'S DIV INO PARK 
FORT kAlTON BEACH 

MARY THROCKMORTCN 
57 PARK STREET 
BOROENTOkN NJ 

WILLIAM TliURE 
4365 CCEANVIE~ AVE 
MAliBU CA 

JOHN liLLER DIRECTOR 
COUNTY OF DELAwARE 
COURT HCUSE 
MEOlA PA 

HARGLO A TITUS PHO 
NAVAl· POSTGRADUATE SCHOCL 
CODE 62 TS 
MONTEREY CA 

24061 

c 

3254€ 

p 

08505 

l 

90265 

p 

190t:3 

l 

9394C 

JOHN N. TENNEFOSS 
US PCSTAL SERVICE 
850 CHERRY AVE 
S~ BRUNO CA 

RlCHARC T TERRY 
RT ENTERPRISES 
3 BARRACUDA LANE 
KEY LA~GC 

OCEAN 

STANLE'V R THIER A.IA
1 4908 GRKNEY CT ! 

FAIRFAX VA '· 

L 

94099 

REEf c 
0 

33037 

p 

22032 

DR. ALEX R THOMAS JR PHD. 
t:05 CANTER8~RY HILL 
SAN ANTCNIC, TEXAS 

RCN S THOMPSOf'; 
GR H:CMPSON 
801 FRANKLIN ST 605 
GAKLtiNO CA 

MRS ~ILLIAM THURE 
436~ OCEANVIEk A~E 
MALIBU CA 

GAR'Y L TIEGS 

78209 

L 

94607 

L 

90265 

E~VlRCNMENTAL INTERFACES INC 
2795 RANOI LANE NE L 
SALEM OR 

SAMUEL E TILLIS 
SALEM COMMUNITY COLLEGE 
PO ecx 551 
TE,..NS GRCVE NJ 

BAOA~l TLEIMAT 
UNIV. GF CALIF. 
47TH E HGFFMAN etvO 
RICt-MCNO CA 

97303 

p 

08069 

L 

94804 



NlCHClS TODARO 
PRATT CENTER 
27~ WASHihGTO~ A~F 

BROOKlYN NY 

JOSEPt-t HJMliNSCN 
SUNRISE SOLAR SYSTEMS 
268 RCCK AVE 
NORTH PLA1NFIELO NJ 

GAR~EN E. TOOKER 
H.K :fERGUSON CO. 
44 MCfHGOMERY ST 
SAN FPANCISCO CA 

KATHY TREMBLAY 
233 WYAWOCTTE ST E 
SUNRAY SOLAR SYSTE~S lTD 
WINDSOR ONJ, CANADA 

NATHAN TRCCPER 
COMET BUILCERS INC 

f 

11205 

07063 

l 

<;41 04 

c 

N9A3H 

12364 WILSHIRE BL~D SUITE l L 
LOS ANGELES C/J 

DAVID TlJK 
usc 
.3119 EL CCMINITC 
lA CRESCENTA CA 

CHARLES G TURLEY 
MARR lOll CCRP · 
M A R R l 0 T T DR l V E 
WASHINGTON DC 

KEITH UNF R lED 
IVY TECH CCLLEGE 
541 STANLEY AVE 
EVANS\IIllE, IN 

STANLEY J \1/JCt..;TA 
ARGONNE NAT'l lABORATORY 
9700 S CASS A\IE 
ARGGNNE 1 Il 

'10025 

l 

91214 

p 

20058 

0 

41711 

D 

601t3CJ 

A-73 

MIKE A TOOOSCIVK 
GENERAL MOTOR'S PROVING GROUND 
GE~ERAL MGTGRS RD D 
MilFG~O, MI 

JOHt\ H TONER III 
17634 FENTON 
OETRCIT 1 Ml 

M.ICHAEL·TRACEY 
SEA ISLE CITY 
PC BCX 125 
SEA ISLE CITY NJ 

JERRY TROOPER 
CCMET BUilDERS INC 

48042 

48219 

p 

08243 

12364 WILSHIRE BLVD SUITE 1 L 
lOS ANGELES CA 

JAMES ~ICHAEl TUFFO 
CAMBRIDGE lEE INDUSTRIES 
500 liNCOLN STREET 
BOSTON MA 

KAl TURKlA 

90025 

p 

02134 

SOUTHERN SOLAR ENERGY CENTER 
2300 PEACHFORO RD SUITE 1250 0 
ATLANTA GA 

30338 

JGHN A. TURNQUIST 
AIRfSEARCH MANUfACTURING CO 
2525 W. JqQTH. Sl l 
TORRANCE CA 

STEVE URAINE 
ENVIRONMENTAl DESIGNS 
200 PIER A'JE 9 
HERMCSA BEACH CA 

~GBERT E VAN BUSKIRK 
MASTER 8UILOERS 
158 ~ HIGHLAND AVE 
SIERRA MADRE CA 

90509 

l 

90254 

L 

91024 



SIM VAN OER RYN 
VAN DER RYN,C#lLTHC~P & PA~TNER 
PO DfUWEP F l 
lt\VERI\ESS, CA 

91t~37 

GARY p \lANDER e I.LT 
NJ DEPT Of HEHTt-: 
216 w PARK AVE p 
TRENTGN NJ 

08610 

DIANE VAUGHAN 
TRINITY UNIV SOLAR CONFERENCES 
BOX 79 715 STADIUM 0~ 0 P 
SAN ANTONIO 

HARVE't 'VERt-HE~ 

AlA ARCHITECTS 
114 W 4TH AVE 
MOSES LAKE WA 

EDhARC T VILAS 
VITRO LABC~ATCRIES 
14000 GEORGIA AVE 
SILVE~ SP~lNG ~0 

THOMAS E 'VITAlE 
CITY GF PH l.LA 
RISING SUN & BENNCN. 
PHILAIJELPHIA PA 

BARRY VuN- TOB El 
VON-TCBEL OF lli INAMAC INC 
115 w PEARL s·I 
WII\A!t!AC, IN 

HERB l!i.ACE 
MISSCURl ENERGY OFFICE 
PO BCX 176 
JEFFERSON CITY, MO 

GEORGE l WAGENSFilliER 
33 IAWCOO RD 
LEVITTOWN PA 

78284 

L 

. p 

20910 

p 

19111 

c 

4699t 

0 

65101 

p 

19057 

A-74 

WAR~ EN \IANDtNI"iUtt-
APPLIED TECHNGLCGY 
1637 PCNTIUS AVE 
LOS ANGELES CA 

RICHARD E VASSEY 
VASSEY E CO INC 
115 elACK HORSE PIKE 
HAOOGN HEIGHTS NJ 

GEO~GE A VERMilLON 
GENE~AL SERVICES ADMIN 
1902 COUNT\' ~0 

DlST HGTS MD 

PE 

L 

9002:5 

p 

08085 

p 

20028 

WilliAM L V.IAR 
WATERLANO \liAR 
ONE PIKE CREEl< 
WILMINGTCN DE 

E ASSOCIATES 
CENTER SUIT 204 

JCH~ A VINCEN'T 
FLUCR CCRP • 
8603 WOODPECKER AVE 
FOUNTAlN VAlLEY CA 

GARY C HIET 

p 
19808 

l 

92708 

DEPT OF MECH ENG UNIV OF TX 
TAYLCR HAll 173 UT 0 
AUSfiN lX 

JOSIP VRESK 
ARGONNE NAI 1 l ~ABORATORY 
9700 S. CASS AVE 
ARGCt\NE, ll 

BERNIE WAGENSELLER 
AG"AY PETRCLEUM 
PO ecx 365 
P l N E·v Il L E P A 

CHARLES J WAGNER JR 

78712 

D 

60439 

p 

18~46 

CITEN~·& ~UBTROPICAL PRODUCTS 
60a AVE S ~W PO BOX 1909 0 
WINTER HAVEN Fl 

33880 



CHARLES M WAGNE~ N22 
EG & G lNC 
P.O BOX 1912 
LAS VEGAS NV 

~ 0 WAGONER 
UNIV OF NEW ORLEANS 
LAKEf fCONT 
NEW ORLEANS LA 

EO WAITE 
ARGONNE 
P.o. eox 2528 
IDAHO FALLS 10 

EARL W kALKER JR 
HAMPTON ROADS Cll CO 
2522 FLO~IDA ~VE 
NORFOLK VA 

J·ROBERT WALKER 

L 

·89101 

( 

70122 

L· 

83401 

( 

23513 

LEHIGH COUNTY COMM COLLEGE 
2104 HIGHLAND F 
ALLENTOWN PA 

18104 

ROBERT H WALLACE 
JARREll H~Y WALLACE & CHAPMAN 
ONE WEST SECOND STREET P 
MEDIA PA 

19063 

STEPHEN WALLACE 
NORTHEAST SOLAR ENERGY CENTER 
70 MEMORIAL DRIVE F 
CAMBRIDGE MA 

OR MARK WALLIN 
KLING~LINOQUIST INC 
1401 AEf~A ST 
PHILADELPHIA PA. 

TOM WALTER 

02142 

p 

19102 

CONFINEMENT liVESTOCK SYSTEMS 
PO BOX 497~1707 21Sf-ST. C 
ELDORA~ 1~ 

50627 

A-75 

GERALDINE R WAGNER 
1321 MALLA~K ST 
LAS VEGAS Nf\1 

DENNIS K -~INWRIGHT 
AMEFIGAS UGITE CIVISION 
PC ,sex z 
PAGL I PA 

OMI G WALDEN 
DEPT OF ENERGY 
20 MASSACHUSETTS.A~E 
WASHINGTON DC 

RAY ~ALKER 

L 

89128 

p 

19086 

L 

20545 

SOUT~ERN CALIFOR~IA EDISON tG. 
P.c ecx 800 · L 
ROSEMEAD CA 

91770 

JEROME IIIALKOWSKI 
WISCONSIN hOUSING FINANCE AUTH 
131 hEST kiLSON 0 
MAO I SON, M I 

53702 

RONALD G k~LLAC E · • 
AMERICAN SOLA~ RESOURCES LTD 
29 CLCVER ORIV~ ·p · 
SI"'I THlCWI\ IW 

BEN WAllACE 
ENERGY EOUCAllCN CFFICE 
86 P~RKHURSl 
PCNTIAC, Ml 

LARf!Y WALSH 

. 11782 

:Q 

48058 

BAL T lMGRE COUNTY MARYLAND 
CCUf!THCUSE RGCM M03 400 WASH A 
TOWSO~ MO ¥ 

E J kARANCWICZ 
CUNNING~AM E~GR,INC 
4891 QUARTCN RO 
BIRMINGHAM, MI 

21204 

0 

48010 



MARK ~ARCHOL 

VACUMET FIN1SHING,INC 
4662 PUTTYGUT ~0 . 
ST CLAIR, Ml 

JAMES F. ~ARNOCK 

WESTERN SUN 

0 

4807S 

921 SW WASHINGTCN ST ·suiTE 160 
PORTLAND OR I l 

DOUGLAS wARREN 
REINHARD LESSER ~ ASSOC. 
13033 VENTURA BLVD 
STUOIG CITY CA 

lARRY A hEBBE~KING 
142 A SKYLINE CR 
GLEN MILLS PA 

JOHI\ 0 WEESNEf' 
PW BElCH ~ ASSN 
1701 DIANA OR 
WINTER PARK FLA 

RICHARD A WEIR 
WEIR & SONS 
49 SCHOOL ST 
ARMONI< NY 

JAMES W WERLE 

97205 

L 

p 

193~2 

( 

3278'1 

p 

10504 

OFFICE OF COMMUNITY OEVELOPME. 
1111 E MILL ST BLDG 1 l 
SAN BERNARDINO CA 

RONALC 0 WERNER 
SHELL CHEMICAL CO. 
511 N BRGGKHURST ST 
ANAHEIM CA 

RANDY WEST 
13860 LAKE VALLEY RD 
AILBURN CA 

92415 

L 

92803 

. L 

95603 

A-76 

ROBERTSON WARD 
ROBERTSON WARD ARCH· 
21 ~ ElM ST 
CHICAGO ll 

JAMES F WARNOCK JR 

p 

60610 

Al SOLAR ENERGY COMMISSION 
1700 w. ~ASHINGTCN RM 502 L 
PHOEN {}( AZ 

85007 

wiLLIAM H kARREN 
GENERAL SERVICES AOMINISTRA 1 N 
525 MARKET ST MLS 31 L 
SAN FRANCISCO CA 

ROGER K WEDEL 
LOCKHEED SOLAR TEST 
B205 0-52-32 3251 HANOVER ST l 
PALO ALTO CA 

94304 

GEORGE 0 kEIR 
0 J HOWARD VOCATIONAL CENTER 
1555 VALLEY Mill RO 0 
WINCHESTER VA 

22601 

W H WENZEL 
WOLGANG WERZEL CEZIGN lTD 
211-11 AVE SW L 
CALGARY ALTA CANAOA 

T250A4 

JACK WHINER 
ENERGY CFFICE PLANNING & DEV'l 
1329 E;Sl NW ROOM 759 0 
WAShiNGTON OC ' 

20004 

CLEC C WEST 
FACILITY E'UIPMENl OF~ICES 
300 SAN MATEO BLVD NE BOX 8978 
Al SUQUERQUE NM l 

SAMUEL R WEST 
AMERICAN NATIONAL DESIGN 
9~67 MONTGOMERY RO 
CINCINNATI ·ot4 

87198 

0 

45242 



MICHAEL w ~ESTON 
IRM-FEOERAL SYSTEMS C.IVISIGN 
150 SPARKMAN OR t· 
HUNTSVILLE AL 

RICH WALE 
ENERGY ADMINISTRATION 
PC BOX 30228 
LANSING, Ml 

JAf"ES L khEATCN 

35805 

c 

48'10<; 

SAN BERNADINO VALLEY CCL. 
701 SC MT VERNON AVE l 
SAf\ BERNAClNO CA 

MRS ThOMAS A wHITE 
ADAMS INDUSTRIES 
Po ecx N 
RCBERTSOAlEAl 

STEVE wHITESIDE 

c 

' 36 56 7 

CENTURY REFRIGERATION COMPANY 
5612 ~ORWICK AvENUE L 
SOUTH GATE CA 

LYLE C kiLCOX 
DEAN-COLLEGE GF ENGR 
CLEMSON UNIV 
ClEMSCN SC 

. LORNE WILHELM 
1031 CREEK LAI\E 
LA HAERA CA 

THCMAS M WllKINSCN 
ASSOCIATED BRCKERS 
654 291/2 RO 

.GRANO JU~CTION CO 

HOWARC P WillETT 
PEAEOCY PRCCESS SYSTEMS 
835 HOPE ST 
STANFORD, CT 

90280 

0 

29631 

L 

90631 

l 

81501 

0 

06907 

A-77 

ROBE~T f WETMORE PE 
BALLINGER 
841 CHESTNUT ST 
PHllAOHPHIA PA 

MICHAEL J ~HALIN 

p 

19107 

FLCRIOA PO~ER £ LIGHT COMPANY 
Po ecx s2~1oo o 
MIA~l FL 

MR THCM~S A WHITE 
ADATJS INDUSTRIES 
PC ecx t\ 
ROBERJSOALE Al 

,CHARLES ~hlTEHEAO 

81-4~ wCOOHA~EN BLVD 
'GLE,..,CAlE NY 

BRUCE J ~IELAr\0 
1235 E MUl8ERRY #402C 
FCNTAINEBLEY APTS 
SAN ~NTCNIC JEXAS 

ARTHUR H WILDER 
COR~ING GLASS kORKS 
HOUGHTON PK B BLDG 
CGR"ING N~ 

RICHARD C ~ILKE 
VAf\ CRESSEfl CORP 
SUITE 1610,7.55 k 
TROY, MI 

RGf\AlO ~ILKS 
LAVELLE AIRCRAFT 
STERLING STREET 
NEhTON PA 

RICHARD ~llllAMS 
204 CAK PARK 
TUllAHCMA TN 

BIG 

cc 

33152 

0 

36567 

p 

11227 

0 OPL 

78209 

p 

14830 

/ 

BEAVER RD 

48084 

p 

18940 

0 

37388 



CARL ~llliAMS 

LAJET ENERGY 
296~ LBJ FREEkAY SUITE 402 
DALLAS TX 

l 

75234 

OON~LD H WilliAMS 
MAYES,WilliAMS & PART~E~S 
79~ RCCSEVELT RD c 
GLEN Ell YRO, ll 

.AH WILLS 
PIEC~CNT ENGl~EERS 

PO 80)( 1711 
420 E PARK AVE 
GREENVILLE SC 

DOUGLAS ._ILNER 
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U.S. DEPARTMENT OF ENERGY'S 
REGIONAL SOLAR UPDATES 1979 

DEARBORN, MICHIGAN 
July 11 - 13, 1979 

AGENDA SUMMARY 

Wednesday, July 11, 1979: 4:00-8:00 pm 
4:00-8:00 pm 

REGISTRATION- East and West Counter 
RECEPTION- Poolside 

THURSDAY, July 12. 1979 FRIDAY, July 13, 1979 

8:00-9:00 am REGISTRATION 
Wesi Counter 

9:00-9:20 am OPENING REMARKS 
9:00-10:15 am THE DEPARTMENT OF HOUSING AND Springwells 

URBAN DEVELOPMENT RESIDENTIAL 
9:20-9:50 am KEYNOTE ADDRESS DEMONSTRATION PROJECT PAPER 

Springwells PRESENTATIONS 
9:50-10:10 am THE DEPARTMENT OF ENERGY (DOE) Springwells 

COMMERCIAL DEMONSTRATION 
PROGRAM 
Springwells 

10:10-10:30 am COFFEE BREAK- Foyer 10:15-10:35 am COFFEE BREAK- Foyer 

10:30-10:50 am THE DEPARTMENT OF HOUSING AND 
URBAN DEVELOPMENT (HUD) 
RESIDENTIAL DEMONSTRATION 
PROGRAM 
Springwells 10:35-11:50 am THE DEPARTMENT OF ENERGY 

10:50-11:15 am CODES AND STANDARDS PROGRAM COMMERCIAL DEMONSTRATION 
Springwells PROJECT PAPER PRESENTATIONS 

11:15-11:35 am DEVELOPMENT OF STANDARDS AND 
Springwells 

TECHNICAL EVALUATION OF RATING 
METHODS 
Springwells 

1 1:35-12:00 noon QUESTIONS AND ANSWERS 
Springwells 12:00-2:00 pm · LUNCHEON - Dearborn 

12:00-1:30 pm LUNCHEON - Dearborn 2:00-3:30 pm CONCURRE~T FEDERAL PROGRAM AND 
REGIONAL SOLAR ENERGY CENTER 
PANEL DISCUSSIONS 

1:30-3:25 pm THE NATIONAL SOLAR DATA PROGRAM 
Springwells FEDERAL PROGRAM PANEL 

I 
MID-AMERICAN SOLAR ENERGY 

Atlanta, Chicago. Houston and COMPLEX PANEL 
San Francisco Suites Springwells 

3:25-3:45 pm COFFEE BREAK- Foyer 3:30-3:45 pm COFFEE BREAK- Foyer 

3:45-5:30 pm THE NATIONAL SOLAR. DATA PROGRAM 
3:45-4:45 pm SMALL GROUP DISCUSSIONS (Continued) 

Springwells Dearborn 

6:30-8:00 pm FILM PROGRAM 4:45-5:00 pm CLOSING REMARKS 
Stearns-Knight Suite Dearborn 
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U.S. DEPARTMENT OF ENERGY'S 
REGIONAL SOLAR UPDATES 1979 

ORLANDO, FLORIDA 
July 15- 17, 1979 

AGENDA SUMMARY 

Sunday, July 15. 1979 2:00-5:30 pm 
4:00-8:00 pm 
4:00-8:00 pm 

Florida Solar Energy Center Tour (Optional) 
REGISTRATION- Citrus Crown Lobby 
RECEPTION - Poolside 

MONDAY. JULY 16. 1979 TUESDAY, JULY 17. 1979 

8:00-9:00 am REGISTRATION 
Citrus Crown lobby 9:00-9:50 am THE DEPARTMENT OF HOUSING AND 

URBAN DEVELOPMENT RESIDENTIAL OEM-
9:00-9:20 am OPENING REMARKS ONSTRATION PROJECT PAPER 

Citrus Crown Ballroom PRESENTATIONS 

9:20-9:50 am KEYNOTE ADDRESS Citrus Crown Ballroom 

Citrus Crown Ballroom 9:50-10:15 am THE DEPARTMENT OF ENERGY COMMER-

9:50-10:10 am THE DEPARTMENT OF ENERGY (DOE) CIAL DEMONSTRATION PROJECT PAPER 

COMMERCIAL DEMONSTRATION PROGRAM PRESENTATIONS 

Citrus Crown Ballroom Citrus Crown Ballroom 

10:10-10:30 am COFFEE BREAK- Exhibit Hall 10:15-10:35 am COFFEE BREAK- Exhibit Hall 

1 0:30-1 0:50 am THE DEPARTMENT OF HOUSING AND 
URBAN DEVELOPMENT (HUD) RESIDENTIAL 
DEMONSTRATION PROGRAM 
Citrus Crown Ballroom 

10:50-11:15 am CODES AND STANDARDS PROGRAM 10:35-11 :50 am THE DEPARTMENT OF ENERGY COMMER-

Citrus Crown Ballroom CIAL DEMONSTRATION PROJECT PAPER 
PRESENTATIONS (Continued) 

11:15-11:35 am DEVELOPMENT OF STANDARDS AND Citrus Crown Ballroom 
TECHNICAL EVALUATION OF RATING 
METHODS 
Citrus Crown Ballroom 

11 :35-12:00 noon QUESTIONS AND ANSWERS 
Citrus Crown Ballroom 12:00-2:00 pm LUNCHEON - Exhibit Hall 

12:00-.1:30 pm LUNCHEON- Exhibit Hall 
2:00-3:30 pm CONCURRENT FEDERAL PROGRAM AND 

1 :30-3:25 pm THE NATIONAL SOLAR DATA PROGRAM 
REGIONAL SOLAR ENERGY CENTER PANEL 

Citrus Crown Ballroom 
DISCUSSIONS 

3:25-3:45 pm COFFEE BREAK - Exhibit Hall FEDERAL PROGRAM PANEL I SOUTHERN SOLAR ENERGY 
Orange Ballroom CENTER PANEL 

3:45-5:30 pm THE NATIONAL SOLAR DATA PROGRAM Seminole Ballroom 
(Continued) 
Citrus Crown Ballroom 3:30-3:45 pm COFFEE BREAK- Exhibit Hall 

5:45-7:45 pm Solar Office Building/Reedy Creek 3:45-4:45 pm SMALL GROUP DISCUSSIONS 
Utilities Company Inc. Tour (Optional) Exhibit Hall 

6:30-8:00 pm fiLM PROGRAM 4:45-5:00 pm CLOSING REMARKS 
Citrus Crown Ballroom Exhibit Hall I 
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U.S. DEPARTMENT OF ENERGY'S 
REGIONAL SOLAR UPDATES 1979 

PHILADELPHIA, PENNSYLVANIA 
July 29- 31, 1979 

AGENDA SUMMARY 

SUNDAY, July 29, 1979: .4:00-8:00 pm 
4:00-8:00 pm 

REGISTRATION- Grand Ballroom North Lobby 
RECEPTION- erandywine Ballroom -Salon F6 

MONDAY, July 30, 1979 TUESDtiY, July 31, 1979 

8:00-9:00 am REGISTRATION 
Grand Ballroom North Lobby 

9:00-9:20 am OPENING REMARKS 9:00-1(:15 am THE DEPARTMENT OF HOUSIN.G AND 
Commonwealth Ballroom URBAN DEVELOPMENT RESIDENTIAL 

9:20-9:50 am KEYNOTE ADDRESS DEMONSTRATION PROJECT PAPER 
Commonwealth Ballroom PRESENTATIONS 

9:50-10:10 am THE DEPARTMENT OF ENERGY (DOE) 
Commonwealth Ballroom 

COMMERCIAL DEMONSTRATION 
PROGRAM 
Commonwealth Ballroom 

10:10-10:30 am COFFEE BREAK- East and Noqh Lobbies 10:15-~0:35 am COFFEE BREAK ·.East and North Lobbies 

1 0:30· 10:50 am THE DEPARTMENT OF HOUSING AND 
URBAN DEVELOPMENT (HUD) 
RESIDENTIAL DEMONSTRATION 
PROGRAM 
Commonwealth Ballroom 

10:35-11:50 am THE DEPARTMENT OF ENERGY 
10:50-11:15 am CODES AND STANDARDS PROGRAM COMMERCIAL DEMONSTRATION 

Commonwealth Ballroom PROJECT PAPER PRESENTATIONS 

11:15-11:35 am DEVELOPMENT OF STANDARDS AND Commonwealth Ballroom 

TECHNICAL EVALUATION OF RATING 
METHODS ( 

Commonwealth Ballroom 

1 1 :35· 12:00 noon QUESTIONS AND ANSWERS 
Commonwealth Ballroom 12:00-2:00 pm LUNCHEON- Brandywine Ballroom 

12:00-1:30 pm LUNCHEON - Brandywine Ballroom 
2:00-3:30 pm CONCURRENT FEDERAL PROGRAM AND 

REGIONAL SOLAR ENERGY CENTER 
PANEL DISCUSSIONS 

1:30-3:25 pm THE NATIONAL SOLAR DATA PROGRAM 
FEDERAL PROGRAM PANEL 

I 
NORTHEAST SOLAR ENERGY Commonwealth Ballroom 

CommJnwealth Ballroom CENTER PANEL 
Salon _ & K Commonwealth Ballroom · Salon H & J 

3:25-3:45 pm COFFEE BREAK- East and North Lobbies 3:30-3:45 pm COFFEE BREAK- East and North Lobbies 

3:45-5:30 pm THE NATIONAL SOLAR DATA PROGRAM 3:45-4:45 pm SMALL GROUP DISCUSSIONS 
(Continued) Brandywine Ballroom 
Commonwealth Ballroom 

6:30-8:00 pm FILM PROGRAM 4:45-5:00 pm CLOSING REMARKS 
Commonwealth Ballroom Brandywine Ballroom 
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U.S. DEPARTMENT OF ENERGY'S 
REGIONAL SOLAR UPDATES 1979 

LOS ANGELES. CALIFORNIA 

Wednesday, August 1, 1979: 

August 1 - 3, 1979 
AGENDA SUMMARY 

4:00-8:00 pm 
4:00-8:00 pm 

REGISTRATION - California Lounge 
RECEPTION- Plaza Level 

THURSDAY. August 2, 1979 FRIDAY, August 3. 1979 

8:00-9:00 am REGISTRATION 
California Lounge 

9:00-9:20 am OPENING REMARKS 
Beverly Hills Room 9:00-10:15 am THE DEPARTMENT OF HOUSING AND 

9:20-9:50 am KEYNOTE ADDRESS 
URBAN DEVELOPMENT RESIDENTIAL 
DEMONSTRATION PROJECT PAPER 

Beverly Hills Room PRESENTATIONS 
9:50-10:10 am THE DEPARTMENT OF ENERGY (DOE) Beverly Hills Room 

COMMERCIAL DEMONSTRATION 
PROGRAM 
Beverly Hills Room 

10:10-10:30 am COFFEE BREAK- Beverly Hills Foyer 10:15-10:35 am COFFEE BREAK- Beverly Hills Foyer 

10:30-10:50 am THE DEPARTMENT OF HOUSING AND 
URBAN DEVELOPMENT (HUD) 
RESIDENTIAL DEMONSTRATION 
PROGRAM 
Beverly Hills Room 10:35-11:50 am THE DEPARTMENT OF ENERGY 

10:50-11:15 am CODES AND STANDARDS PROGRAM COMMERCIAL DEMONSTRATION 
Beverly Hills Room PROJECT PAPER PRESENTATIONS 

11:15-11:35 am DEVELOPMENT OF STANDARDS AND 
Beverly Hills Room 

TECHNICAL EVALUATION OF RATING 
METHODS 
Beverly Hills Room 

11 :35-12:00 noon QUESTIONS AND ANSWERS 
Beverly Hills Room 12:00-2:00 pm LUNCHEON - los Angeles Room 

12:00-1:30 pm LUNCHEON- Los Angeles Room 2:00-3:30 pm CONCURRENT FEDERAL PROGRAM AND 
REGIONAL SOLAR ENERGY CENTER 
PANEL DISCUSSIONS 

1 :30-3:25 pm THE NATIONAL SOLAR DATA PROGRAM 

I 
Beverly Hills Room FEDERAL PROGRAM PANEL WESTERN SUN PANEL 

Beverly Hills Room Santa Monica Room 

· 3:25-3:45 pm COFFEE BREAK - Beverly Hills Foyer 3:30-3:45 pm COFFEE BREAK - Beverly Hills and 

3:45-5:30 pm THE NATIONAL SOLAR DATA PROGRAM 
Santa Monica Foyers 

(Continued) 3:45-4:45 pm SMALL GROUP DISCUSSIONS 
Beverly Hills Room Los Angeles Room 

6:30-8:00 pm FILM PROGRAM 4:45-5:00 pm CLOSING REMARKS 
Beverly Hills Room Los Angeles Room 
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