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Notice 

I1 'This uni t  w a s  p repa red  as a n  a c c o u n t  of work  sponsored by t h e  
United S t a t e s  Governmen t .  N e i t h e r  t h e  United S t a t e s  nor  t h e  United 
S t a t e s  D e p a r t m e n t  of qne rgy ,  nor any  of t h e i r  employees ,  nor a n y  of 
t h e i r  c o n t r a c t o r s ,  subFon t rac to r s ,  o r  t h e i r  employees ,  m a k e s  a n y  
war ran ty ,  expres s  or  i l implied,  o r  a s s u m e s  a n y  l e g a l  l iabi l i ty  o r  
responsibil i ty f o r  t h e  a c c u r a c y ,  comple t eness ,  o r  usefulness  of any  
in fo rma t ion ,  apparatus!  p roduc t ,  o r  p rocess  disclosed, o r  r e p r e s e n t s  
t h a t  its use would noti in f r inge  pr iva te ly  owned rights.  R e f e r e n c e  
here in  to any  specificj, c o m m e r c i a l  p roduc t ,  process ,  or s e r v i c e  by 
t r a d e  n a m e ,  mark ,  m a n u f a c t u r e r ,  o r  o the rwise ,  d o e s  n o t  necessar i ly  
c o n s t i t u t e  o r  imply its lendorsement ,  r ecommenda t ion ,  o r  f avor ing  by 
t h e  United S t a t e s  G o v e l n m e n t  o r  a n y  agency  t h e r e o f .  T h e  v i ews  and  
opinions of a u t h o r s  e f p r e s s e d  here in  d o  not  necessar i ly  state o r  
r e f l e c t  t h o s e  of t h e  Unilted States Governmen t  o r  a n y  agency  thereof .  
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Govornment. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
prooess disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily ,constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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I n t rod uct ibn I 

I1 i ‘ ! ,  

i s - chang ing  too fast t c a p t u r e d  in books. Be-fore t h e  
technologies ,  and  legis la t ion m a k e  s o m e  of- a new 
Magazines  and  n p e n .  a r e  b e t t e r  a b l e  to’-keep 
t is on t h e s e  m e  at ‘ t h e  well-inf ormed’ 

ollec t ion of m a  es s e l e c t e d  to he lp  you f o c u s  
e changing ene rgy  pi solar  energy.  This booklet  i s ‘  
Reader, a series of 

topics)  j 
ciety, and theSun 
r ead ings  on philosophical,  !political, and  lcga 

, 

- t o r y ,  ,mythology, and  PO 
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I most of us c a n  benefit  from some of t h e  energy ideas 
incorporated into Ralph Merrill's dream house, and at 
the s a m e  t i m e  catch a glimpse of how fu tu re  houses I 

I62 

The Readings 



163 PS 

packed with energy-saving 
ideas, materials, and devices 
you can use in your home 

’80” nestles into a scrub-oak-covered 
mountainside near  here, with a spec- 
tacular view of the Great Sal t  Lake. 

A PS readerlarchitect 
builds his low-energy 
solar home To the  north, snow-covered moun- 

ta ins  soar to 10,000 feet. 
By RICHARD STEPLEPl I had flown into Sal t  Lake City for a 
DRAWINGS BY ROBERT RI’lTER look at Merrill’s state-of-the-art 

home. What first struck me was tha t  
BOUNTIFUL, UTAH the  house didn’t look i ts  size. Merrill 

Suppose you reviewed every issue of has  designed i t  in 12-foot modules (see 
POPULAR SCIENCE published in the  photo) to minimize the  bulk of a struc- 
past seven years for energy-saving ture  tha t  includes, among other ame- 
ideas. Then suppose you designed a nities, a three-car garage, workshop, 
house tha t  incorporated nearly every five bedrooms and  nursery, indoor 
one of them. That’s what Ralph Mer- spa, and a home office and darkroom 
rill, Salt Lake City-based architect for the  resident architect. I t  adds up to 
and loyal PS reader, did. more than  6000 square feet of living 

dream. His cedar-clad “Idea House On the  way to the  home site, Merrill 
And Merrill’s house is no pipe space for an  active family of six. 

Idea House ’80: three levels of living space for a large family 

filled me in on some of the  home’s 
state-of-the-art features he gleaned 
from the  pages of POPULAR SCIENCE: 

0 The house is carefully sited so 
t ha t  it’s shielded from winter winds, 
yet open to the  south. The basement 
level is partially earth-bermed, and 
windows are  concentrated on the  
south facade. (These design tech- 
niques were outlined in “Solar Archi- 
tecture,’’ PS, Ju ly  ’76.) 

It’s built on a wood foundation of 
treated lumber and  plywood, assem- 
bled with Senco stainless-steel fasten- 
ers, saving both energy and labor. (PS 
first covered this innovation in the  
Sept. ’72 issue.) 

Exterior walls a r e  framed with 
2x6’s, placed 24 inches on center. 

F2 1 ~ -. .~. ~~ . ~ .  . . .... .. ; .. ; 5TL1310 \.! @I., 

r 
7 

Repr in t ed  f r o m  t h e  August 1980 issue wi th  permission f r o m  POPULAR SCIENCE, copyright  @ 1980, T imes  
Mirror Magazines,  Inc. 1llu:jtrations r ep r in t ed  with permission of Rober t  R i t t e r .  All r i gh t s  reserved.  
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They’re filled with fiberglass bat ts  
and sheathed with one-inch-thick Sty- 
rofoam under the  cedar siding, a s  de- 
tailed in our Sept. ‘76 issue. 

Cathedral ceilings get the  same 
t reatment ,  except t ha t  fiberglass 
batts are thicker for a total insulating 
value of R-43. 

The home’s solar heating system 
is a first: Israeli-made “free-flow” col- 
lectors t ha t  use a light oil as a heat- 
transfer medium are  the  first to be in- 
stalled in the United States. Architect 
Merrill read about these high-effi- 
ciency, low-cost collectors in the April 
’79 issue. (See the  end of this article 
for a complete PS bibliography.) 

The careful planning Merrill put  
into the  project is evident everywhere. 
Take windows, for example: 

They’re triple-glazed in seden- 
tary areas  (bedrooms, living room) 
and double-glazed in utility and activ- 
ity areas  (kitchen, laundry, halls). 

They’re located a t  eye level-not 
near the ceiling where the air  is 
warmer. 

Most window area is on the  south 
side for passive solar gain. Roof over- 
hangs shade them from high summer 
sun  angles. 

Windows on the  north, where 
there  is a view, a re  small. 

No windows a re  placed on the 
east  or west, to reduce solar heat gain 
in summer. 

Total window area is 12 percent 
of floor area to minimize heat loss. 

Merrill’s heating system has  multi- 
ple backup capabilities. Solar heat  
from the collectors is stored in a n  
1100-gallon water tank  via a heat  ex- 
changer. Another hea t  exchanger pre- 
heats  drinking water  on i ts  way to a 
Rheem Energy Miser water heater. 
When solar heat is exhausted (Merrill 
is figuring on a 70 percent solar con- 
tribution), a heat  pump takes over 
down to 32 degrees F.  Below tha t ,  two 
high-efficiency Carrier furnaces with 
pilotless ignition carry the load. One 
furnace handles the basement level; a 
larger one heats the upper levels. The 
mechanical room is insulated from the 

Cedar siding is dramatically lighted by 
setting s u n  as h o u s e  neared completion in 
spring. Note that no windows are placed 
on western-exposure, and  windows on 
north, with spectacular view of Great Salt 
Lake, are triple-glazed, small in size. 

rest of the  house and is vented to pro- 
vide outside combustion air. Addition- 
ally, there’s a separate furnace (from 
Williams Furnace Co.) t ha t  keeps the  
garage at 55 degrees. It’s more effi- 
cient than “stealing” heat  from the 
house to keep the garage warm, and 
complies with local codes tha t  prohibit 
re turn a i r  from garages. 

A Hydroheat wood-burning stove in 
the  family room adds heat  to the  solar 
storage tank  by means of a heat-ex- 
change loop. “The solar tank  is a cen- 
t ra l  battery for two sources of heat,” 
explains Merrill. And a Temco pre- 
fabricated fireplace in the living room 
contributes heat, as well. It’s equipped 
with air-circulating ducts, outside 
combustion air ,  and glass doors. 

Continued 



The home is carefully sealed 
against infiltration. Dow’s Styrofoam 
t&g insulating sheathing i.s applied to 
exterior walls, cathedral ceilings, and 
the all-wood foundation. Exterior 
doors (steel with insulated core from 
Lee Haven) have magnetic weather- 
stripping. Windows from Weather- 
shield are double weatherstripped. In- 
sulating foam (Polycell 11) was in- 

jected into shim spaces around doors 
and windows, and into holes in the top 
and sill plates of exterior walls. 

Humidifiers make the home more 
comfortable at lower temperature set- 
tings, and electronic air cleaners en- 
sure that indoor air stays pollution- 
free. (Watch for a major article on in- 
door-air quality in an upcoming PS- 
Merrill anticipated us on that one.) 

In summer, excess solar heat is 
“dumped into the home’s indoor 
Great Western Spa whirlpool. (Solar 
heats all domestic water in summer 
months.) And the heat pump provides 
air conditioning. 

Merrill chose the other components 
in the house for energy efficiency, se- 
curity, or for their convenience: en- 
ergy-efficient appliances from Whirl- 
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pool; keyless electronic locks (Domino 
and Essex) for garage and exterior 
doors; an energy monitoring comput- 
er; solid-state alarm system (Silent 
Knight) for fire and burglary; comput- 
erized thermdtat (Smartstat) for. 
temperature setbacWsetups during 
the heating and cooling seasons; attic 
fans (Pryne) to cut cooling load; a sol- 
id-state, low-voltage lighting system 

(Electro Controls) that permits pro- 
gramming,. grouping, timing, and 
dimming of fixtures in different com- 
binations; plastic plumbing with insu- 
lated hot-water runs; and more. (For a 
complete list of products and sources, 
see the end of this article.) 

According to Merrill, there are only 
three energy-saving features he 
didn’t incorporate in Idea House ’80. 

He didn’t use optimum exterior- 
skin-to-volume ratio-the sphere be- 
ing the perfect shape with maximum 
volume to minimum skin. He chose 
the modular design for siting reasons 
and to minimize the bulk of the house. 
“The amount of insulation we used 
compensates for this,” adds Merrill. 

0 There are no air-lock vestibules 
Continued 



Construction details: Exterior walls are 
f ramed w i th  2x6's, 24 in. on  center ( top  
left). Windbracing (diagonal metal straps) 
is needed because insulat ing sheathing is 

PS BIBLIOGRAPHY 
1972: "Now You Can Build on a Wood Foundation," 
Sept. 1973: "Extend Your Plumbing with Plastic 
Pipe." May; "Seal Air Leaks with Weatherstrip- 
ping," Oct.; "Add Plastic Foam 10 Ceilings and 
Walls," Oct. 1974: "Wiring Your Home for Those 
Low-Voltage Gadgets," Jan.; "Add Drama to Your 
Home With a Spiral Stair," June; "Tie a Spiral Stair 
to Exposed Joist Flooring," Jurie 1975: "Track 
Lighting Puts Light Where You Want It." Jan. 1976: 
"Lifetime Preserved Wood-your Best Bet for Out- 
door Projects," April; "Solar Architecture-It's 
More Than Putting Collectors on the Roof," July; 
"Home Insulation: Do Those Wild New Standards 
Make Sense?" Sept.; Low-Technology Solar 
Homes," Dec. 1977: "New Proof That Outside Vent- 
ing Saves Fuel." Feb., "Hooking Llp a New Bath Is 
Easier Than Ever with a Plumbing Manifold," 
March; "Electronic Air Cleaner Slips into Place," 
May; "Low- or No-Power Attic Cooling." Aug.. "At- 
tic Vent" ("What's New"). Sept.; "Solar-Assisted 
Heat Pump," Oct.; "The Secrets of a Good Wood 
Stove." Nov.. "Sun Trap" ("Leisure Home"). Nov. 
1978: "Passive Solar,'' April; "Higher Efficiency 
with Solar-Assisted Heat Pumps.," May; "Solar 
Heating-How to Pick the Right !System for Your 
Home," July; "Heat Pumps: More Sense Now for 
More Homes?" July; "Track Lights" ("What's 
New"), July; "Exterior Stains." April; "Energy-Sav- 
ing Second Home" ("Leisure Home"), Oct.; ''Heat- 
Saving Fireplaces." Oct ; "Smoke IJetectors." Oct.; 
"Weatherstripping" (Part I). Oct.. (Part 11) Nov.; 
"Electronic Master Controls Turn on Home Appli- 
ances, Outwit Burglars," Nov.. Ice Dams. What 
Causes Them; What Stops Them." Nov ; "Outside 
Venting Can Trim Your Fuel Bills," Dec. 1979: "How 
to Select and Install Recessed Lights," Feb.; "Up- 
grading Your Insulation." Feb., "Home Burglar 
Alarms," March; "Free-Flow Solar Collector-Half 
the Cost, 30 Percent More Efficient," April; "Nola's 
Clever Motor Controller Cuts Wasted Electricity." 
July; "Solid-State Lock" ("What's New"), Aug.. 
"For Dramatic Interiors Bring Siding Indoors," 
Sept.; "Computerized Thermostats," Oct ; "Rein- 
forcers Add Strength to Almost Anything You 
Build," Nov.; "For Solar Designers, an Inexpensive, 
Cut-and-Paste Shadow Plotter," Nov.. 1980: 
"Nola's Power Saver-How It Can Save Energy in 
Your Home," Feb. "Energy Monitor;' Feb 

not structural. Triple-glazed w indows are 
placed at eye level. Tbp right photo shows 
prefabricated trusses used throughout 
structure. All-Weather w o o d  foundation 

[PS, Sept. '751. "Most traffic will go 
through the garage," says Merrill. 

0 There's no "warm room"-an ac- 
tivity core that 's  insulated from the 
rest of the house [PS, Nov. '771. Mer- 
rill feels the home's passive features 
make this feature unnecessary. 

Aside from energy conservation, 
Idea House '80's theme is wood. Mer- 
rill has used i t  throughout, from the 
all-wood foundation to  the cedar 
shakes used on the roof. Tongue-and- 
groove cedar siding covers the  exteri- 
or, and it's used as feature or accent 
wall covering in  most rooms. 

Want more information on Idea 
House '80? A set  of drawings plus spec- 
ifications is  $75 from Ralph Merrill, 
architect, 3617 South 400 East,  Boun- 
tiful, Utah 84010. a3 

Sources of products in Idea House '80 
American Standard Inc., Box 2003. New Brunswick NJ 
08903. American Wood Council, 1619 Massachusetts 
Ave., N.W., Washington DC 20036 (All-Weather wood 
foundation), Autotronia, 1399 Executive Or. West, 
Richardson TX 75081 (thermostat). Carrier Corp.. Carri- 
er Pkwy.. Syracuse YY 13221 (gas furnaces, heat pump, 
solar package, humidifier, air cleaners); City Investing 
Co.. Rheem-Ruud Div.. 76005 Kedzie Ave.. Chicago IL 
60652 (water heater); Columns, Inc., Pearland TX 77581 
(spiral stairway); Congoleum. 195 Belgrove Dr.. Kearny 
NJ 07032 (sheet-vinyl flooring); CraftsmanlSt. Charles 
Kitchens, 2200 South Main, Salt Lake City UT 84115 
(kitchen cabinets): Domino Engineering Cnrp., Box 376, 
Taylorville IL 62568 (electronic garage-door h k ) ;  Dow 
Chemical Co., Midland MI 48640 (Styrofoam insulating 

is nearly complete in  lower r ight  photo. 
Styrofoam t & g  sheathing was applied to  
skin o f  house, d o w n  t o  basement foot ings 
( lower  left). 

sheathing); Dupont Energy Management Corp., 10730 
Composite Dr.. Dallas TX 75220 (energy monitor); Elec- 
tro Controls. Inc., 2975 S. 300 West, Salt Lake City UT 
84115 (low-voltage lighting system); Emerson Electric 
Co., Payne and Rittenhouse Div.. Honeyoye Falls NY 
14472 (intercom. burglar alarm, door chimes, smoke de- 
tectors, and exhaust fans for kitchen and attic); Esrex 
Transducers.1130 Mark Ave.. Carpinteria CA 93013 (sol- 
id-statedoor locks); FormsandSurfaces. Box 5215, San- 
ta Barbara CA 93108 (carved panels, hardware); Halo 
Lighting. 400 Busse Rd., Elk Grove Village IL 60007 
(lighting fixtures); Hydroheat Div.,Ridgeway Steel 
Fabricators. Box 382, Ridgeway PA 15853 (wood stove); 
Iron-A-Way, Inc.. 220 W. Jackson, Morton IL 61550 
(built-in ironing board); KOOI Metals Ltd., Box 300. 
58100 Holon, Israel (solar collectors); Laminating Ser- 
vices, Inc., 4700 Robards La., Louisville KV 40218 (wood 
veneers); Microtimer Controls.1050 E. Duane, Sunny- 
vale CA 94068 (Vigilite lighting control); E.C. Miller Ce- 
dar Lumber Co.. Box 750, Aberdeen WA 98520 (cedar 
siding); Monarch Marshall, Box 2041. San Angelo TX 
76901 (ceramic tile); Nordic Controls. 155 N. Van Nort- 
wick Ave., Batavia IL 60510 (Nola controller); Nuclear 
Systems, Inc.. 2255 Ted Dunham Ave., Baton Rouge LA 
70821 (SmartStat solid-state thermostat); Owens-Cor- 
ning Fiber lass Tower, Toledo OH 43659 (fiberglass in- 
su~aiion). R obert H. Petenon Co., 2835 Sierra Grande 
SI.. Pasadena CA91107 (gas log); Prest-On ClipCo.. Box 
156. Libertwille IL 60048 (drywall fasteners); Reynolds 
Metals. Arch. & Bldg. Products Div., Richmond VA 23261 
(aluminum gutters); Rubatex Cor Bedford VA 24523 
(foam-rubber pipe insulation); tehulte Corp., 11450 
Grooms Rd.. Cincinnati OH 45242 (ventilated shelving 
for closets); Senco Products, Inc., Cincinnati OH 45244 
(fasteners for wood foundation); Silent Knight, 1700 
Freeway Blvd., Minneapolis M N  55430 (security sys- 
tem); Temtex Products, Inc.. Box 1184. Nashville TN 
37202 (Temco prefabricated fireplace). Thermasol 
Thermasol Plaza, Leonia NJ 07605 (stedm-generatind 
unit); TIUSW~~ System West, Inc.. 3850 East Miialoma 
Ave.. Anaheim CA 92806 (woodlmetal trusses); Jim 
Walter Doors, Box 22703, Tampa FL 33622 (garage 
doors); Weather Shield Mfg., Inc.. 4604 Medford Dr., 
Loveland CO (windows and doors); Western Products 
Co.. Box 803, Union City CA 94587 (polybutylene pipe 
and fittings); Whirlpool Corp.. Benton Harbor MI 49022 
(high-efficiency appliances' cooktop. microwavelcon- 
venttonal oven, trash compactor. dishwasher, refrigera- 
tor. washer and dryer); Wilhold Glues, 8707 Millergrove 
Or.. Santa Fe Springs CA 90670 (construction adhesive 
and butyl sealer for wood foundation): Williams Fur- 
nace Co., 14960 Firestone Blvd., La Mirada CA 90638 
(garage furnace). 

F 

Q 
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A Home-Built Solar Heater 

If t h e  "gas-guzzler" in your l i f e  is  a house ins tead  
of a c a r ,  h e r e  is  help in t h e  f o r m  of a s imple,  a f f o r d a b l e  
add-on. If you a r e  thinking of building th i s  solar  h e a t e r ,  
be s u r e  to use  a glazing t h a t  won't  d e t e r i o r a t e  with long 
exposure  to h e a t  and  sunlight.  

, 
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A HomeLBuilt 
Solar Heater 
It works, it’s siimple and it can actually cut your winter heating bills by 25% 
by Roger N. Perry Jr. 

rof. Bruce McQuanie: got into his car P one cold winter noon and sat for a 
moment enjoying the wamnth created by the 
sun’s shining through the glass all morning. 
“Why not capture some: of this heat at 
home,” he mused, heading to his job as 
mat hem at  i c s prof e s so:r at Worcester 
Polytechnic Institute at Worcester, Mass. 

Not long after that, the sun was helping 
heat his home, working ori the same simple 
principle. Prof. McQuanie’s device was a 
simple lean-to heater, which reduced his 
heating bill by about 25% and which he 
calculated would pay for itself in two or three 
years. That was three years ago ‘when 
heating oil cost less than half what it does 

The heater he built consisted of an 
insulated triangular plywood box placed 
against the wall of his house. The sloping 
face, at an angle to take full advantage of the 
winter sun, consisted of two layers of 
translucent plastic sheets. ‘The box covered 
one window, which he opened during the 
day to let the heat into the house. An open 
cellar window allowed cool air to enter the 
box. In the normal flow of air through the 
house, the air was recirculated. 

The following year, three students 
conducted a project basecl on his original 
design. They determined that about 25% of 
the homes in several areas surveyed could 
take advantage of this type of solar heater. 
The main requirement was a south-facing 
wall without winter shade from nearby 
buildings or evergreen tree:s. 

They evaluated the heating characteristics 
of McQuarrie’s device. They investigated 
alternate materials. Eventuadly, they drew up 
plans that could be used by the average home 
handyman to build his own solar device. 

Last fall the idea was picked up by the 
Worcester Labor Co-op, which provides free 
labor to qualifying homeowners in such 
areas as plumbing, wiring and carpentry. 
Over the winter the co-op built five of the 
passive solar heaters for individuals who met 
the agency’s age, disability or income level 
requirements. The homeowners paid for the 
materials; the co-op provided the labor with 
CETA funding. All five units showed they 

today. 

can help reduce heating costs. 
Douglas Counts, the co-op designer, head 

carpenter and construction boss. finds each 
new installation a challenge. “There’s room 
for experimentation with each one.’ While 
I’m building one. 1 think of variations I’m 
going to try on the next one. 

“Finding a cellar window right under a 
proper first floor window doesn’t usually 
happen. On some of the heaters. we solved 
that by running a duct around the comer of 
the house to a cellar window. On the last 
one, we built on a concrete slab with no 
cellar window within reasonable distance. In 
that case, we tried running it by opening both 
the top and the bottom of the first floor 
window. In all cases, the heaters worked just 
about the same,” he reports. 

“The temperature measurements on the 
last one we built are typical. At IO a.m., the 
temperature inside the heater was 1 IO” 
F.,while the outside temperature at the time 
was 20”. In the living room, which was at the 
far end of the house from the heater, the 
temperature was 72” F.. although the 
thermostat was set at 64” F. A small fan 
helped circulate the air through the house.” 

The heaters built so far have been 
permanently attached to the house. Counts is 
now building a portable one, which can be 
disassembled for moving or summer 
storage. This would be ideal for the tenant 
who rents. It will also allow normal use of 
the window in summer. 

Since the cost of the plastic panels is about 
half the cost of the whole structure. he’s 
looking at ways to use old storm windows. 
which are often available at little or no cost. 

Another advantage of the portable heater 
is that if the house doesn’t face south, the 
heater could be set to catch the sun squarely 
with an insulated duct carrying the heat 
around a small bend. Also in some areas, 
building codes require footing below frost 
line when installing a permanent addition; 
with a portable heater. this requirement 
could often be waived. 

“The basic design works,” says Counts. 
“However. I’d encourage anyone who plans 
to build one to be willing to experiment. 
Adding a layer of bricks on the bottom 

should store up enough heat to give an extra 
hour’s heat in the evening. Adding black 
painted metal objects inside would help, too. 
On the last heater we built. ,we used 
cormgated aluminum sheets painted black 
and installed against the house to help absorb 
heat. 

“By making the heater larger, or building 
it with a hip roof, there’d be room to walk 
inside it. If you were going to use it as.a 
greenhouse, you’d need some roof vents to 
prevent cooking the plants at mid-day. 
However, by the time you were ready to start 
plants. the winter heating season would be 
about  over .  You’d a l so  need some 
supplementary heat in case the night 
temperature fell below freezing, something 
like a small electric heater.” 

The solar heater consists of a fltwr and two 
triangular end walls of plywml nailed to 
both sides of 2x4 studding on 1 6  centers. 
The space between contains insulation. The 
collector surface, through which the sun 
shines, consists of two layers of special 
plastic sheeting separated by an air space. 

An access door on one end wall permits 
entry for maintenance, such as repainting, 
caulking, etc. A plywood lid folds over the 
face of the heater in warm weather. When 
open, this lid helps reflect the winter sun into 
the heater. 

A p r o f e s s i o n a l  c a r p e n t e r  o r  a n  
experienced handyman should have no 
trouble adapting the concept into an actual 
design for a specific location. 

Step 1. Determine the latitude of your home 
to the nearest even degree. Most highway maps 
indicate latitude. As a general rule, the slope of 
the collector face with the horizontal will be an 
angle equal to the latitude plus 15‘’. 

Step 2. Determine where the heater will be 
placed on the south-facing wall. The type of 
installation shown in Fig. I does not interfere 
with normal use of the first floor window. (I t  
does require cutting an opening through the 
wall under the window to admit the heated air.) 
The installation i n  Fig. I 1  simplifies 

L 

- 1  

Reprinted from t h e  September issue of the  FAMILY HANDYMAN Magazine. Copyright 01980, The Webb Co., 
1999 Shepard Road, S t .  Paul, Minnesota 55116. All rights reserved. 



t 

construction but prevents normal use of the 
window with the heater installed. 

If you prefer not to cut through the wall, a 
detachable plywood “chimney” (which can be 
removed after the heating season) can be used 
to convey the heated air into the house through 
the lower half of the window. This “chimney” 
should be insulated and sealed around all edges 
to minimize heat loss. 

Step 3. Determine the exact position and 
size of the sloping studs, which will support the 
translucent fiberglass sheets, before ordering 
the sheets. On two concrete blocks, set a 2x4 on 
edge to simulate the position of the level floor. 
From the height on the outside wall of the house 
-which will mark the upper edge of the heater 
- stretch a piece of string to form the desired 
slope angle with the base. (Point A to point B in 

Fig. I). The length of the string will determine night or during prolonged cloudiness. 
the length of the sloping studs and of the 
translucent sheets you’ll need. The horizontal 
distance of the string from the cellar will 
determine one of the base dimensions. The 
fiberglass sheets are-available in- pre-packaged 
rolls, 4‘ wide by 8, 10,25 and50‘ lengths. One 
50‘ roll should be enough to make a heater 12’ 
long with a sloping face of 8‘. such as shown in 
Fig. I: To avoid waste, cansider using srandad 
dimensions in determining actual construction 
details. 

Step 4. If you decide to cut an opening under 
the window rather than use a “chimney,” do 
this next. The opening should have about the 
same area as the basement window. Finish off 
the opening neatly, inside and out. Provide a 
cover on the inside to prevent cold air leakage at 

Step 5. Construct a base of YX“ plywood or 
particle board made for outdoor use. Select 
inexpensive grades. Nail the plywood to 2x4’s 
on 16“ centers and then turn the base over and 
level it on concrete blocks, shimming until it’s 
level and evenly supported. Install roll 
insulation and nail on plywood flooring. Nail 
vertical studs to the side of the house to support 
a back wall of plywood. Insulate, particularly 
along basement wall to prevent heat loss. Nail 
on the plywood back wall. 

Step 6. Install sloping 2x4 supports. Space 
them to the exact width of the fiberglass sheets 
to eliminate cutting the sheets. Thus, the length 
of the base will be 12‘ plus the thickness of four 
2x4s. Nail in the end wall studding, providing 
for an access door at one end. Nail the outside 



171 

Solar heater - 
plywood panel to the studding. Install roll 
insulation between studs. Nail on the inside 
plywood pFels. 

Step 7. Install flashing under the shingles or 
clapboards on the house wall at the top of the 
heater to prevent water leaks. 

Step 8. Nail I x 1” strips to the lower edges of 
the sloping studs to support inner fiberglass 
panels. Install the panels and caulk the edges 
with silicone .sealant. If you use the 
“chimney” method, build and install it 
before installing the fiberglass sheets. Sides 
may be made similar to sidewalls (with 
insulation between layers of plywood). The 
top surface may be made of fiberglass sheets 
separated by an air space. 

Step 9. Nail a second set of strips to sloping 
2x4s to support outer tiberglass panel so that 
panel is flush with upper surface. (Caulk edges. 

Step 10. Caulk flashing at upper edge of 
panels to .prevent leakage. Nail 1x3” strips 

along edges of sloping 2x4s to tinish off the 
sloping face. 

Step 11. ,Make a plywood cover to fit 
between 1x3” strips when it’s closed over the 
heater in summer. Install hinges so it can be 
opened for the winter heating season. 

Step 12. Make and install the access door. 
This should be constructed like the end 
walls, with insulation between both faces. 

Step 13. Paint inside plywood surfaces with 
flat black paint to aid in absorbing heat. Do not 
paint the house wall. Paint the inner surtice 
white to reflect sunlight. Paint the outside to 
match the house. 

This heater works best when the basement 
window and the first floor opening are 
diagonally opposite, since air must travel 
farther and stay in the heater longer before 

entering the house. 
Here are other tips to consider: 

To eliminate moisture produced by 
condensation between the fiberglass sheets. 
drill small holes at the bottom of each section 
for drainage. 

Roll insulation should be R-I I 
foil-faced fiberglass insulation. Install it with 
the foil toward the inside of the heater. 

Since fiberglass sheets are flexible, 
install some type of cross supports between 
the 2x4s. You can use wooden dowels or 
cross strips of wood. Place them iit the 
one-third and two-thirds points on the 
sloping 2x4s. 

Clearance above ground is important to 
prevent the wood from rotting. Concrete 
blocks provide about the right spacing. 

0 Clean the surface of the fiberglass 
sheets as needed. Dirt and snow obstruct the 
light and cut down heater efficiency. 0 

Wood frame for heater floor is built first, filled 
with insulation, finished with plywood flooring 
top and bottom. 

Angle of studs to horizontal plane should 
equal the home’s latitude plus 15”. Studs are 
spaced to exact width of fiberglass sheets. 

Strips are nailed to bottom edges of 2x4s to 
support fiberglass panels .  Here,  felt 
weather stripping is applied to insure close fit. 

n 
In this installation, translucent rnaterial  as 
nailed directly to frames that were then  
attached to sloping studs. 

The 1x3 strips nailed along edges of 2x4s 
cover panel joints, protect against leakage of 
water and wind, as  does flashing. 

Compieted solar heater is ready for painting 
to match house exterior Painting floor and 
inside wall black will help capture more heat 
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e- . -  I H e r e  is t h e  genius  of s implici ty  and  t h e  s implici ty  
of genius. This owner-builder has  t a k e n  t h e  t r ad i t i ona l  
solar  m a s s  wall ,  t u rned  i t  on i t s  e a r ,  broken i t  i n to  
sec t ions ,  and  angled  t h e  sect ions.  Read  on  and  see how I 



Above: The west sides of the louvers are  painted a sun-catching black, but the 
angle of the masonry columns prevents the dark color from being seen easily 
from the home’s living spcrces. Unlike drum walls or ordinary mass walls, there 
are  few aesthetic drawbacks to masonry louvers. 

This 
owner - bui It 
home has 
something 
new under 
the sun 

Virginia 
Is For 
by Frederic S. Langa 

errum, Virginia, doesn’t look like a P hotbed of solar inventiveness. To a 
hurried traveler, it’s just a quiet college 
community located in the eastern foot- 
hills of the Blue Ridge Mountains about 
an hour’s drive from Roanoke. But if you 
turn off the main street tha t  bisects the 
town and follow the winding road tha t  
runs past the college, you’ll enter the 
Whetstone Branch River Valley, and 
there on your left will be Jim Bier’s 
handmade house; the first in the world 
heated by huge masonry louvers. 

These vertical louvers aire an inge- 
nious takeoff on ordinary solar heated 
mass walls. With just one basic alter- 
ation, Jim found a way to avoid almost 
every major drawback of conventional 
solar walls, while retaining all the ad- 
vantages. “When energy and building 
costs get high enough,” he told me, “you 
get really inventive.” 

One basic design 
alteration 

eliminates almost 
all the 

drawbacks to 
standard mass 
walls, while 

retaining all the 
advantages. 

Like other solar wall designs, Jim’s 
giant louvers sit in the sun behind 
south-facing glass arid get warm during 
the day to heat the house a t  night. (In a 
way, all solar heating is simply “mass 
under glass.”) Construction is fairly 
standard, using 8 X 12 X 16-inch cinder 
blocks packed with sand. And as you 
might expect, the  sunward sides of the 
louvers are painted black for maximum 
heat absorption. The  similarities end 
there. 

Most solar walls heat in two steps: 
The sun shines through glass to  warm 
thousands of pounds of mass, usually 
poured concrete or drums of water. Once 
the mass is warm, heat begins flowing 
into the home’s living areas. The interval 
between the time when solar heat is first 
collected and the time when it’s finally 
delivered is called thermal lag. Thermal 
lag is terrific because it means your solar 

Reprinted f rom the July/August 1980 issue with permission of RODALE’S N E W  SHELTER Magazine. 
Copyright 0 1980 Rodale Press, Inc. All rights reserved. 
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Below: The combination of rough- 
sawn native poplar siding and expanse 
of south-facing glass on J im Bier’s 
home create an attractive marriage of 
traditional and modern, blending well 
with its Blue Ridge Mountain setting. 
Behind the glass are the solar louvers. 
Above, a clerestory roof admits extra 
light into the house and minimizes the 
need for artificial lighting. 

Above: Like all sensible solar architecture, the north side of Jim’s house pre- 
sents no doors and few heat-leaking windows to cold winter winds. The home’s 
west side ( to  the right in this picture) has more windows, to allow the afternoon 
sun to warm to the interior. (Note the window at the roof’s peak. This and a 
twin vent on the east side are opened in summer to provide ample natural 
ventilation. ) 

wall pours out i ts  heat a t  night, when 
you need i t  most. But  next morning the 
wall is busy re-charging. You don’t get 
any early morning solar warmth; the 
wall gets it all. 

Jim’s wall eliminates tha t  drawback. 
Instead of building a solar wall that acts 
as a barrier between living space and the 
southern sky, he constructed five sepa- 
rate side-by-side cinder block pillars. 
Each 32-inch-wide pillar is angled 45 
degrees from due south on a southeast- 
to-northwest line. Because the sun rises 
in the southeast, and the louvers are 
edge-on to solar energy coming from this 
direction, very little incoming sunlight 
is blocked. Instead, the morning sun 
shines deeply into the house, quickly 
warming the floors and living spaces. 
“All morning, my whole house acts as a 
solar energy collector,” Jim explained. 
“I don’t have to  wait for the louvers’ 
mass to warm up before I start  getting 
heat. Instead, the sun shines between 
the louvers, so temperatures begin going 
up inside the house as soon as the sun 
rises, with no thermal lag.” 

Later in the day, the sun moves to the 
southwestern sky. Now, incoming sun- 
light hits the louvers broadside, warming 
the masonry and storing heat for the 
night. “My louvers work two ways,” Jim 
said. “They provide direct gain and 
quick heat in the morning when the 
house is cold, and mass heat storage in 
the afternoon when the house is warm 
and there’s solar heat to  spare. 

“I guess it was just a bit of insight that 
made me think of breaking up a stan- 
dard mass wall this way, and angling the 
segments. But  it works so well, frankly, 
I’m surprised no one thought of it be- 
fore.” 

The louvered wall design also solves 
other problems that  often plague mass 
walls. Aesthetics, for example. “If I was 
going to pay for all that  south glazing, I 
wanted to be able to see out of it. Con- 
ventional mass walls such as Trombe 
walls and drum walls block the view, 
which is silly. You could build windows 
in a standard mass wall, but costs sky- 
rocket when you have to include framing 
for lots of little holes. My way is simpler 
and cheaper.” 

Jim’s careful design also insures tha t  
the living and dining areas have an al- 
most unobstructed view between the 
louvers. As a result, his house feels 
bright, spacious, and open. “In fact, it’s 
a lot more open than I imagined i t  would 

The beauty of 
passive systems is 

that they’re 
automatic, self- 
regulating, and 
an integral part 
of the building. 

be,” he said. “Especially compared to a 
house in which the south glass is hidden 
behind a solid masonry wall. This one 
doesn’t feel closed in a t  all. And the 
louvers take up only 40 square feet of 
floor space,” or three per cent of the 
home’s 1300-square-foot floor plan. 

“No one had ever built a house with 
these louvers before,” J im said, “so i t  
was hard to imagine just what the place 
would look like. But I think it turned out 
pretty well.” Jerryanne, Jim’s wife, 
agrees. “I really like it,” she told me. 
“The columns add interest and appeal 
to  the house, and no one’s ever had a 
negative comment about them.’” 

Aesthetics aside, the open construc- 
tion of the wall also makes for easy and 
inexpensive maintenance. “With my 
louvers,” J im said, “you can walk right 
up to the south glazing. Cleaning is a 
snap, and you don’t need any long- 
handled tools to  reach the glass, as  you 
sometimes do with Trombe walls and 
drum walls. I also have access to the 
sunward side of the mass itself for 
cleaning or for eventual repainting. This 
means I can keep my whole solar col- 
lection system operating a t  peak effi- 
ciency all the time. Maintenance is no 
bother a t  all.” 

Access to the glass makes nighttime 
insulation easier, too. Come sundown, 
Jim rolls down an inexpensive bamboo 
curtain that’s been fitted with colorful 
quilted bedding. Deploying the home- 
made insulating curtain takes about 
three minutes. 

Highs And Lows 

The most important thing about 
Jim’s wall is tha t  i t  works. I visited the 
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Biers on a sunny February day when the 
outside temperature was about 40’F. I t  
was a tropic 78’F. inside the house, and 
J im was wearing a short-sleeved shirt. 
As I peeled off my overcoat, I could ac- 
tually see billows of warm air rising from 
the louvers. The rising heat cast rippling 
shadows on the floor. 

“I  monitor temperatures a t  three lo- 
cations with highflow thermometers,” 
J im said. “And I’ve klept careful records 
virtually every day since we moved in 
last fall. On very cold days, indoor tem- 
peratures might fall to  around 60’F. 

before rebounding when the sun finally 
clears the hills to  the east of the house. 

“High temperatures are another 
matter. I actually used too much glazing 
on the south side-about 325 square feet 
in all-because there weren’t many re- 
liable solar building guides available 
when I designed the house. Sometimes 
we even have to open windows in the 
evening to  dump the excess heat we’ve 
collected during the day.” Although this 
is an inconvenience, it’s not really a 
waste because Jim’s passive solar heat is 
free and inexhaustable. 

Another factor in the home’s some- 
times too-high temperatures is the 
lightweight cinder block J im used in 
constructing his louvers. “My reasoning 
was tha t  a light block would warm rap- 
idly from front to back, with just a small 
temperature gradient from the sunward 
to  the roomward side. But  it turns out 
that the lightweight 28-pound blocks are 
made from thermally resistive materials, 
so they’re actually harder to  heat than 
the standard 40-pound blocks. If I were 
starting over, I’d use the heavier blocks 
in the columns: They’d cost a little more, 
but they would store more heat and re- 
duce the day-to-night temperature 
swings.” 

Tightness Counts 

The home’s cinder block walls are 
externally sheathed in four inches of 
foam insulation so the walls are enclosed 
within the home’s thermal environment, 
adding thousands of pounds of total 
heat storage capacity to the‘ building. 
Native poplar siding (covers the foam for 
weather protection and aesthetics. The 
ceiling is insulated and the entire living 
space is enclosed in a vapor barrier of 
heavy plastic sandwiched between the 
cinder block and the foam insulation. 

This tight, heavily insulated con- 
struction limits Jim’:; auxiliary fuel use 
to a trifle. In fact, the only source of 

Above: The backs of the louvers are painted a reflective white to allow 
light-and heat-to bounce deep into the Bier home. An added benefit of Jim’s 
design is the bright, spacious interior that makes the house both attractive and 
efficient. 

back-up heat in the house is a $35 sheet 
metal wood stove mounted in the middle 
of the second floor. “It’s not worth hav- 
ing a more elaborate stove,” J im said. 
“As it is, I burn only about a cord a 
winter.” 

I asked if the abundance of hard ma- 
sonry surfaces led to  problems with 
noise. ( I t  has in some other masonry 

homes.) “Not for us,” J im said. “The 
louvers are a t  an angle to  the rest of the 
masonry surfaces, and that  seems to  
eliminate any echoing effect.” 

Jim built his louvered wall freehand, 
using nothing more complex than a 
bubble level and a string (stretched 
across the floor a t  a 45 degree angle) as 
guides. J im did most of the work on the 

m 



Left: On winter mornings, the  sun  rises in the  southeast, and shines between 

house acts as  a solar energy collector. Right: Later in t h e  day ,  t h e  txii moves 
to  the  southwest s ky  and hits t he  louvers broadside, warming the  masonry and 
storing large amounts  o f  heat for t h e  night.  Th i s  solar design is so passive, 
t h e  s u n  i s  t h e  only moving par t .  

A.M. t he  louvers, deep into the  house. Temperatures rise very quickly, and the  entire P.M. 

house himself over a period of three 
summers, and the final cost for the fin- 
ished building and its louvers, including 
what little subcontracting was needed, 
was just $14,000. That’s less than $11 
per square foot-a rock-bottom price by 
any standards. 

“I think owner-built passive systems 
are the trend,” J im said. “Especially as 

fuel and interest rates continue to climb. 
I t  is the only way most middle-class 
people are able to  afford a new home, 
and then afford to run it. Passive de- 
signs, especially low-cost passive designs 
like mine, are the only way to  go.” 

J im is also looking into ways of mak- 
ing the louver concept even more flexi- 
ble: Oval water tanks to  simplify con- 

~~ 

struction and improve heat storage ca- 
pacity, or pillars of lightweight phase- 
changing materials for existing homes. 

If you have specific questions for Jim, 
you can write to him, c/o The  Whetstone 
Branch Living School, Route 2, Box 35, 
Ferrum, VA 24088. J im asks tha t  you 
enclose $1 to help cover his copying and 
mailing costs. w 

I The Insolarium: 

O n e  Way to Solarize a Mobile 

A mobile  h o m e  c a n  b e  a n  ove r s i zed  e n e r g y  e a t e r ,  
bu t  i t  does h a v e  advan tages .  For o n e  thing, i t’s  a 
manageab le  s i z e  and  s h a p e  f o r  insulat ion and  solar  
re t rof i t t ing .  H e r e  is  o n e  mobile  h o m e  dweller’s c r e a -  
t i v e  solut ion to his e n e r g y  problem. 
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The Insolariurn: 
One vvc[y TO Solarize A Mobile by Frederic s. mngu 

iting a brand-new mobile home for S permanence and beauty is one 
thing, but  what about the millions of 
mobiles already in place? Ken Kessel, a 
building designer in Sonora, California, 
thinks many of them could be converted 
into state-of-the-art passive solar 
buildings, and he’s showing how it can 
be done. 

Over the last s e w n  years, Ken has 
developed a three-part retrofit that  al- 
lows virtually any mobile home to make 
use of some widely differing elements of 
energy-efficient design: free solar 
warmth, constant earth temperature, 
and thermal mass. By blending these 
concepts together i n  an unusual way 
(and in a way unheard of in mobiles) 
Ken’s system can trim 30 to  40 per cent 
of an average home’s fuel bills. And if 
the  mobile has been weatherized and 
tightened (as it should before a solar 

retrofit), the  savings can top 85 per 
cent. 

The  first par t  of Ken’s system is sim- 
ple: Let in the sun. Ken’s preferred 

method is to  build a large solar-heated 
addition on the mobile’s sunniest wall. 
He calls his sunspace an “Insolarium,” 
and it simuhaneously gathers the s d a r  

insulated glass 7 

thermosiphoning pipes 
absorber plate 

insulation 

new foundation 
for lnsolar 

1. 

!i supports weight of pool 

--=zG - 
flow 
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warmth and  provides extra living 
space. 

The  second par t  is more sophisti- 
cated Use the earth. Ken has developed 
a way to isolate the ground beneath the 
mobile, transforming it into an insulat- 
ing device, and quite possibly a source of 
low-grade heat, as well. 

The  third par t  of the system: Use  
mult iple- funct ioning thermal  mass.  
Any thermal mass would work, but Ken 
chooses t o  temper the indoor climate of 
a mobile with a shallow open pool of 
water which stores and releases heat, 
humidifies the air, and provides visual 
appeal, all a t  the  same time. 

The  system works because it mimics 
nature. “Think of a summer night,” Ken 
says. “There’s no energy coming in from 
the sun, but it’s warm outside because of 
the daytime heat stored in the earth and 
in lakes and oceans. On a much smaller 
scale, that’s how my system works. The  
day’s solar warmth is stored in the earth 
beneath the mobile and in the indoor 

Left: T h e  pool is t h e  f irst  thing you 
notice about Ken’s “Insolarium” sun-  
space. I t  simultaneously stores and 
releases heat,  humidifies the home’s air, 

K e n  uses a plastic roll-out pool cbier to  
control t h e  amount  of humid i t y  in the  
home,  and adds a movable wooden 
plat form (seen at  t he  pool’s f a r  e n d )  t o  
t u r n  the  pool’s surface into useful floor 
space. Also shown: t h e  south-facing 
window wall, wi th  thermal drapes for 
night insulation; t h e  black-painted 
thermosiphon water heater o n  the  
window sill; floor vents below the  win- 
dows t o  allow air circulation through 
t h e  insulated p l e n u m  beneath the  
building; and t h e  back-up wood-burn- 
ing heater.  Th i s  building (Ken’s f irst  
design f o r  modular homes )  is  about 85 

per  cent solar heated. 

’ocean’ of the pool, where it can be re- 
leased as needed.” 

In all, it’s a simple system that  Ken 
says, “was specifically designed with 
do-it-yourselfers in mind.” But  it’s also 
an unusual system, especially in its use 
of unfamiliar, and untested, concepts 
such as earth heating: 

Heat From The Earth? 
The deeper you go in the earth the 

steadier the  temperatures become. 
While the top few inches of soil closely 
follow the air temperatures, rising and 
falling throughout the day, the earth 10 
to 20 feet below the surface changes only 
a few degrees from summer to  winter. 
“Deep earth temperatures here in So- 
nora average about 65’ F. year-round,” 
Ken explains. (He bases that  figure on 
the average temperature of well water in 
his area.) “Most buildings never get to  
use this heat, because moisture in the 
soil carries it away like a wick. But if you 
sheathe a building’s foundation to the 
frost line with an air- and watertight 
layer of insulation, you create a ‘bubble’ 
of dry, protected earth beneath the 
building.” Dry earth is a pretty good 
insulator, running as high as R-4 per 
inch. And because the “bubble” of dry 
earth beneath Ken’s foundation is itself 
underlaid with 65” F. earth, winter heat 
losses through the building’s floor are 
virtually nil. 

In addition to the insulative effect, 
Ken claims the earth could actually heat 
the house. “The earth under my foun- 
dation doesn’t dip below 60 degrees,” he 
says. Should the temperature of the 
living space drop significantly below 60” 
F., the “bubble” would begin “heating” 
the house because warmth always moves 
to cold until the two reach equilibrium. 
By the same token, when the house is 
kept warmer than the earth, the house 
loses a little heat to the earth. In the 
summer, the 60-65’ F. temperature of 
the earth helps cool the mobile. In sum, 
Ken says he tempers the living space by 
coupling it with the ground. 

Not every spot on earth has the same 
benevolent 65” F. deep earth tempera- 
ture, however. In colder climates the 
earth’s low temperature probably 
doesn’t produce any heating effect al- 
though the insulating value of the 
“bubble” remains the same. 

Mobiles and modulars are especially 
easy to retrofit for earth coupling be- 
cause they usually have a crawl space 
protected with skirting. By extending 
the skirting down to the frost line, in- 
sulating it and making it airtight, the 
crawl space becomes an insulated ple- 
num for collecting the earth’s moderate 
temperature. Also, because a mobile or 
modular home’s heating system idlost 
often uses air ducts beneath the floor, 

Above: J o h n  Stewart’s  10-year-old 
mobile home,  prior to  retrofitting. T h e  
home’s skirting will be made airtight 
wi th  insulation extending to  the  frost 
line, and t h e  existing porch will be en-  
closed to  create a sunspace. J o h n  ex- 
pects to do all the work himself, figuring 
on three to  four  mon ths  o f  part- t ime 
labor. 

Below: Believe i t  or no t ,  a n  ordinary 
porch deck like this can become the  
heart of a n  “Insolar” sy s t em looking 
much  like t h e  one shown in the photo 
at  l e f t .  T h e  porch will become the  sun-  
space, wi th  the  pool recessed into the  
floor. T h e  existing home’s doors and 
windows will be removed, opening the  
mobile t o  the  warm air collected and 
tempered inside the  sunspace. 
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it’s easy t o  arrange for the home’s air to  
circulate through the crawl space/ple- 
num, picking up  and releasing heat as 
needed. 

Multiple-Functioning Mass 
Ken’s “multiple-functioning thermal 

mass” is an open pool of water that  ab- 
sorbs heat when the house is warm and 
gives i t  back as the house cools. “Mul- 
tiple” refers to the pool’s other uses as a 
humidifying source and a pleasant focal 
point for the home. Ken used ordinary 
swimming pools in his early designs, but 
now opts for the least expensive and 
simplest pools he can find. “Right now, 
I use heavy-duty plastic bins which are 
normally used by farmers for crop 
transport. They’re one-piece, totally 
waterproof and corrosion-resistant, and 
the largest ones can hold up  to  4000 
gallons of water. Also, because I legiti- 
mately can call these ‘heat storage bins’ 
instead of ‘swimming pools,’ they qualify 
for the federal energy tax credit.” Ken 
recesses the pool into the home’s floor so 
the weight of the water rests on the 
ground in the crawl space/plenum, and 
so the plenum’s .air can flow around the 
sides of the pool for improved heat 
transfer. 

The r~l[nsolarium” 
Ken’s “Insolarium” uses a simple 

tried-and-true sunspace design, coupled 
with a built-in thermosiphon solar water 
heater to  help keep the pool warm. 
(Sunspace design has been thoroughly 
covered elsewhere. If you’re unsure of 
the principles, check the references a t  
the end of this article.) 

Almost any manufactured home can 
be retrofitted with Ken’s system. About 
the only ones automatically excluded are 
those lacking at least one sunny wall (for 
the sunspace), and those where the 
water table is too close to  the ground 
surface to  allow the creation of a “bub- 
ble” of dry earth. (If in doubt, talk t o  a 
local well driller, or dig a test hole. If you 
can strike water or very damp soil within 
a few feet of ground level, don’t try for 
deep earth heating.) If a home meets the 
basic requirements, it’s ready for the 
actual retrofit. 

The Retroflt 
First, remove the existing skirting, 

and pull off all ithe insulation beneath 
the floor of the h,ome. Then scrape away 
all debris from the ground in the crawl 
space, and lay down a layer of heavy 
plastic sheeting. (This plastic vapor 
barrier prevents residual moisture from 
finding its way into the home.) Work 
carefully around posts or jacks, and 

Above: Modular and mobile homes can 
be both efficient and beautiful ,  as this  
shot of a recently finished double-wide 
“Insolar” home clearly shows. 

overlap any seams to  be sure that  the 
soil beneath the house is completely 
sealed. Then, to prevent damage to  the 
plastic, spread about two inches of clean, 
dry sand on top. 

Next, dig a trench around three sides 
of the mobile. On the fourth side (the 
sunniest side), dig the trench where you 
want the foundation of the sunspace to  
be. The trench should be wide enough to  
accept the insulation method you plan 
to  use, and should reach down to the 
deepest frost penetration in your area. 
(The frost line in Ken’s area is two feet 
down, but  Ken dug his foundation t o  a 
three-foot depth.) When digging around 
a n  existing home, locate the trench di- 
rectly beneath the home’s outer walls, 
and provide extra temporary supports 
to  the undercarriage so the home’s 
footings are not disturbed by the  
digging. 

When the trenches are ready, install 
a n  airtight, insulated skirting in the 
trench around the three sides of the ex- 
isting home and construct a similar 
foundation for the new sunspace. The  
skirting can be fabricated easily from 
large sheets of blue polystyrene (Dow 
Styrofoam) tongue-and-groove insula- 
tion boards. Glue or tape all the seams 
for airtightness, and use a simple 2 X 4 
framework for support. Or attach a 
metal mesh such as chicken wire to the 
home’s undercarriage, letting one end 
hang down into the trench, and spray 
the hanging mesh with a heavy layer of 
foam insulation. 

The  foundation for the sunspace can 
be anything you want, as long as it in- 
cludes insulation down to the frost line. 
Ken’s favorite method is to  stake two 
parallel walls of polystyrene insulation 
a short distance apart. (Leave an open 
space equal to  the width of your sill 
board between the walls.) He then fills 
the space with poured concrete, elimi- 
nating the need for separate wooden 
forms, and produces a durable, insulated 
wall in one quick step. (The polystyrene 
must be well supportcd by wooden 
stakes and by the trench walls in order 

to  withstand the considerable weight of 
the wet concrete. Talk to a local concrete 
dealer for advice about your own par- 
ticular installation.) 

When the airtight, insulated skirting 
and sunspace foundation is complete, 
refill the  trenches with dirt. Then, if 
possible, contour a low embankment or 
berm t o  the bottom of the home’s origi- 
nal walls to  insure that  the newly- 
formed plenum area stays warm, stable, 
and draft-free. If berming isn’t possible, 
either the original or a new skirting can 
be installed to  cover the insulation. 

Next, build the sunspace of your 
choice. I t  doesn’t have to  be elaborate, 
as long as it contains a large, sunny 

or a system of movable window insula- 
tion, and space for the thermal mass. 

With the sunspace complete and 
weathertight, install your thermal mass. 
As Ken found, the best results come 
from an open pool, but if space or money 
preclude this, any thermal mass will 
do-water-filled glass or metal con- 
tainers; rocks, bricks, etc. Once the mass 
is in place, remove the doors and win- 
dows in the wall between the home and 
the sunspace to  let the sun-warmed air 
circulate freely. 

The  next step is to  open up  the crawl 
space so that  the home’s air can flow 
through. Work on opposite sides of the  
home: Cut  vents in the sunspace’s floor 
beneath the window wall, and in the 
floor along the wall farthest away from 
the sunspace. Install standard grills over 
the holes. Now, warm air should rise in 
the sunspace, circulate through the 
home to the distant vents, and return to  
the sunspace for reheating via the 
earth-tempered plenum. The  existing 
furnace is now the back-up heater, or 
you can install a more appropriate aux- 
iliary heat source, such as a wood 
stove. 

cos t s  
Like any addition to  a home, Ken’s 

retrofit package can be no-frills or 
gold-plated. If every effort is made to cut 
costs, a home could be equipped with 
the basic insulated plenum, a small 
plastic-glazed sunspace, water jar or 
barrel heat storage and floor vents for 
somewhere in the range of $500 to $900, 
depending on the size of the home itself 
and the specific materials used. On the 
other hand, a top-of-the-line addition 
with concrete foundation, glass win- 
dows, a n  open heat storage pool, and 
about 500 extra square feet of floor space 
for the home could easily cost $10,000. 

Is it worth it? We asked John Stewart, 
the Chief Building Inspector for Tuo- 
lumne County, California. He’s install- 
ing Ken’s system in a 10-year-old mobile 
that  may be the ultimate in retrofits: I t  

window wall with either double glazing -- 
- 2  

~ 
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was purchased a: salvage and rebuilt 
after it had rolled over twice in a 
windstorm. “Frankly, it sounded a little 
crazy to  me a t  first,” John said. “Here I 
was talking about remodeling, and Ken 
came up  and said, ‘Why not make it 
solar?’ I just didn’t think it could be 
done t o  a 10-year-old home that  had 
been this heavily worked on. But  now 

that  I’ve seen that  it doesn’t involve 
anything a person handy with a hammer 
and saw couldn’t do, and that  it doesn’t 
cost much more than a non-solar addi- 
tion of the same size and quality, I’d 
recommend it to anyone. Though there’s 
a lot of work, it’s pretty easy.” 

Ken agrees: “Easy? Why, it’s a lead- 
pipe cinch!” 

For further information on sunspace 
design and construction, see our Feb- 
ruary 1980 issue or read the following: 
The  Passive Solar Energy Book (Rodale 
Press) 
T h e  Complete Greenhouse Book (Gar- 
den Way) 
T h e  Solar Greenhouse Book (Rodale 
Press) 

‘ 
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I How to Site a House 

Windbreaks, proper  s i t ing and or ien ta t ion ,  a n a  
added-on outbuildings w e r e  a l l  included in t h e  house 
plans of colonial  builders.  When w e  learn  to t a k e  
a d v a n t a g e  of our n a t u r a l  env i ronmen t ,  we'l l  have  gained 
t h e  knowledge  t h a t  t h e y  a l r eady  had long ago. 

Q 
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HOW TO SITE A HOUSE 
When setting their houses on the land, early New England builders 
used certain techniques to help them cope with our climate. These 

guidelines are as valid today as they were 300 years ago. 

text and illustrations by Terry Hallock 

0 BEFORE THE E A R L Y  YANKEE BUILDER 
located his house on a plot of land, he 
studied the conditions of the site and 
carefully placed his house and out- 
buildings to  take advantage of any 
natural features that would help him to 
stay reasonably comfortable through the 
cold New England winter. With today’s 
need for energy conservation, we can 
learn from the earlier builders some 
ways that will help us site our new 
houses, or improve the site on which we 
presently live. 

Housewrights and homeowners had 
good reasons for their approach to siting 
a house. In fact, anyone who studies 
early architecture soon finds that many 
of their techniques have been incor- 

porated into the guidelines used for sit- 
ing a passive solar home today. Con- 
temporary residential design should 
embrace all of these basic rules. When- 
ever possible, a house should face the 
sun and turn its back to the cold winter 
winds. Location should take into account 
topography, existing vegetation, expo- 
sure to the sun, wind, early frost, and as 
many other conditions as the builder or 
designer can identify. 

What is referred to as passive solar 
technology is essentially an integrated 
approach to the design and construction 
of a house that can gather the sun’s 
warmth without power-driven mechani- 
cal devices. A simple example is the way 
a south-facing window will warm a room 

Copyright 0 1 9 8 0  by Yankee, Inc. Reprinted from the May 1980 issue with permission of YANKEE and Terry 
F. Hallock. All rights reserved. 
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during daylight hours even on a cold 
winter day. This integrated approach in- 
volves reinforcing the original design 
with heavy insulation, and, just as im- 
portant, correct orientation and siting of 
the structure. 

The  New England saltbox house 
(named for its similar appearance to the 
kitchen saltbox) is a shape that can be 
very energy-efficient when properly ori- 

ented. Placed in the correct location it is 
ideally shaped to deflect the New Eng- 
land winter's northwest wind up and 
over the low-pitched north-facing roof. 
This means that only one story faces 
north with few windows, while two sto- 
ries face south to catch the warmth of the 
sun.  

Evergreen trees are beautiful year- 
round, but when planted in the correct 

It is possible to orient the house so that all four sides of the house 
will receive some sun for almost the entire winter - and in the sum- 

mer the house will catch\ the early morning rays of the sun. 

3' ? T 9  
* I ' 'It "SUMMER 

Properly placed deciduous trees will shade the house 
from- the hot noon and afternoon sun. 

What were called the bride and groom trees . . . 

ever, it's always good to 

I I .  - 
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configuration they can also form a dense 
windbreak in winter, or deaden sounds 
of traffic at any time of year. I f  you’ve 
ever examined the drifts on the lee side 
of a snow fence, you’ll see the com- 
pound effect of a hedgerow planted near 
a house on the side from which pre- 
vailing weather patterns approach. A 
hedgerow interrupts a prevailing wind 
for a diljtance of 10 times the height of 

the protective vegetation. 
If you have the opportunity to site a 

house on a plot of land that contains 
trees, those that are growing to the north 
and northwest of the house location 
should be left standing as a buffer to the 
cold winter winds. The land to the south 
of the house site can be cleared, allowing 
the sun to warm the house and earth 
immediately in front of it. If possible, a 

Going back to the slopes and hills again . . . 
- - 

THE SUMMIT 
15 WIUDSWEFT 

Advantages of certain loca 
WEST SIDE OF THE VALLEY EAST SIDE OF 

. . . wiH catchthe early morning 
sun and the hillside will help to 
reflect the prevailing northwest 
winds of a New England winter. 

. . . 
sun 
ing slop 
western 

Advantages of a south face are obvious. 

n 
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deciduous tree or two shLould be left 
standing close to the house on the south 
-and southwest side to shade the house 
from the hot summer sun; after they lose 
their leaves, these trees allow the sun to 
shine through in winter. If no trees are 
growing on your site at the time of con- 
struction, then consider planting a dense 
hedgerow on the winter wind side. 

If you carefully examine the various 
orizntations possible for a rectangular 
structure, you will note thal: it is possible 
to place a New England house so that all 
sides of the basic rectangle will receive 
some sun during the day. This is true of 
both the southeast-  and southwest- 
facing houses. Even in winter the oblique 
rays of the sun will dry and warm the 
northeast and northwest sides. The 
south faces will receive the greatest 
benefits of the sun, but of most impor- 
tance is the fact that the properly ori- 
ented house will receive the sun on all 
four sides. 

In traveling through New England, 
one can often still see evidence of the 
“bride and groom” trees planted in front 
of many early houses. Now they may be 
only giant stumps or just twin mounds of 
earth covering the ancient root systems. 
Or perhaps the old trees still exist, cast- 
ing their canopy of shade over the house 
to protect it from the hot summer sun. 
The term “bride and groom trees” is a 
logical one, as it is likely that they were 
planted by the first inhabitants of the 
house. 

If your house is on a rise facing east, 
likely you will never be able to boast the 
lowest temperature in town on a bitter 
cold day. Because temperatures are at 
their lowest just before sunrise, if you 
face east, you’ll receive relief almost 
immediately, while those on the west- 
facing slope will not get sun until later 
(very much later if the mountains are 
steep). 

Although the western-facing slope is 
late to receive the early morning sun, 
this slope has attraction as a homesite. 
The warm rays of the afternoon sun melt 
the snow on a western slope. 

Living through harsh winters, early 
builders learned certain basic facts about 
placing houses in weather-wise locations. 
They avoided barren windswept sum- 
mits for the obvious reason that these 
locations are constantly bothered by the 
cold north and west winds. They also 
avoided the low, narrow valley areas that 
would collect the cold air descending 
from the slopes, the damp fog on fall 
mornings, and early, killing frosts. 

A clean sweep of a gentle slope, with- 
out swales or depression that catch the 
cold, is the ideal site. The cold night air 
travels down the slope to settle in the 
basin of low land below. During the day- 
time the reverse happens. Currents of air 
nearest the ground go up the hill as the 
sun penetrates the low lands, warming 
the earth and sending the currents of air 
rising up the hill. 

Another way of supplementing the 
protection, of the hedgerow or wooded 
area to the north is to build intercon- 
nected outbuildings off to the weather 
side, offering further protection from the 
blast of the cold winter winds. Properly 
placed, these interconnected structures 
adjoining the main living unit give a lot 
of protection to the family living area. 
The mass of the farthest barn, adjoining 
perhaps a milk house, wood shed, but- 
tery, summer kitchen, and workshop, 
placed in logical progression depending 
on protection desired, was a refined plan 
often found in houses of New England. 

In addition to considering the fore- 
going, there are other important factors 
to study in choosing a site. They include 
the condition of the soil and the ground 
beneath. The ground should be investi- 
gated to see if it will provide good bear- 
ing for the footings to support the weight 
of the house. The porosity of the soil 
should be checked to see if the site will 
have good drainage and leaching capabil- 
ities. The presence of ledge and large 
boulders should be determined, as this 
will affect the amount of excavation 
possible. The presence of water in the 
ground will have to be considered to 

avoid the possibility of a wet basement, 
interference with leaching, and ‘the re- 
duction of the bearing capacity of the 
soil. Wetlands and potentially flooded 
lands should always be avoided. 

The topography of the land has many 
effects on the success of the site, in addi- 
tion to the factors already pointed out. 
Does the contour help the site’s natural 
surface drainage? Is the slope gentle 
enough to easily accommodate the struc- 
ture, or is it too steep to build on eco- 
nomically? 

Existing plant life and vegetation are 
also important, as they can provide cool- 
ing shade and protection from storms 
and cold winds. Check to see if there are 
trees or buildings on adjacent land that 
will block the sun. 

Other practical considerations are ease 
of access from the highway and the prox- 
imity of utilities. Zoning regulations 
should be investigated and thought  
should be given to potential construction 
on adjacent sites, and how it will affect 
your immediate environment. Is there 
potential pollution from noise or at- 
mosphere? 

In choosing your home site, look at 
the characteristics that will assist in 
growing food for your family and ani- 
mals, and provide space for outdoor liv- 
ing, recreation, and privacy. 

If you already have a site on which you 
intend to build, or if you have a home 
presently located on a plot of land, many 
of the good features discussed here can 
be created on your existing site. Even 
the orientation of the house can possibly 
be changed to face south by constructing 
a greenhouse on that side, and by closing 
up selected north windows; or an un- 
heated storage addition can be built on 
the north side. Evergreens can be added 
to deflect the cold winter winds, and 
shade trees can be planted. 

No homesite is perfect, but by care- 
fully analyzing a potential building site 
with these thoughts in mind you are bet- 
ter equipped to make a decision that you 
will be happy with over a period of years. 

n 
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She I te rbe I ts 
H e r e  is all you need to know to plan a n  a t t r a c t i v e  

and energy-saving windbreak. 



Keeping the wind out Shelterbelt s and the fuel bills down 

by Fred 1. Nisbet 

R W I N D B R E A K S  
100' 

Evergreens 

*- 

- >  

Nmne Juniperus Juniperus Picea abies Picea glauca Picea ornorika Picea pungens Pinus nigra Pinus resinosa 

Common Chinese Juniper Red Cedar Norway Spruce White Spruce Serbian Spruce Colorado Austrian Pine Red or Norway 

chinensis virginiana 

Name Spruce Pine 

Mardlnou -20°F -5O'F - 5 O O F  -45°F -2OOF -5OOF -20°F -45'F 

Comnunt. Not as dense as Will tolerate dry, All spruces The weakest Hard to find. Varies widely in Fairly rapid in Rapid in growth 
red cedar. All rocky, poor need fertile soil wood of the Beautiful, but color, with the growth. Stiff for a pine. 
junipers have soils. Don't and good spruces. not too hardy. more blue in the needles. 
separate sexes,. plant near drainage. This foliage the 

apples because one retains its greater the 
of rust. lower branches beauty. Slower 

better than growing. 
most. 

(00' 

Declduou!B 

75 ' 

Nmno Acer ginnala Acor Acer rubrurn Acer Carpinus Crataegus Fagus Fagus sylvatica 
pla fanoides saccharinurn caroliniana phaenopyrurn grandifolia 

Common Siberian Maple Noiway Maple Red Maple Sugar Maple American Washington American Beech European 
Nmlm Hornbeam Hawthorn Beech 

Hardlnoss -50°F -35'F -35°F -35°F -45'F -2O'F -35°F -20°F 

comnnnt. Multi-stemmed, Very deep Will stand moist Only for long- Hard to Dense in habit, Dense and rapid All beeches 
shrublike, very shade, heavy soils, rapid term use. Slow transplant when fine flowers and growing, holds stand shearing 
adaptable. surface roots. growing for a growing but large. fruits but lower branches well. 

Difficult to grow maple, fairly tough. Needs subject to well and leaves 
other plants strong wood. space. several until late. 
nearby. Don't use silver diseases. 

maple, very 
rapid growing 
but intensely 
brittle. 

Repr in ted  by permission f r o m  BLAIR & KETCHUM'S COUNTRY JOURNAL. 
Coun t ry  Journa l  Publishing Co., Inc. All r igh ts  reserved .  

Copyr ight  @ S e p t e m b e r  1977 
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00 FEW H O ~ I E O \ V N E R S ,  in  the  T Northeast  especially, have given 
much thought t o  shelterbelts and 
windbreaks. As the  nation’s energy 
problems worsen it is t ime to  change 
our way of thinking; it is surprising 
what screens of plants can d o  to  save 
fuel and still keep us comfortable. 

W e  know of their value and abun-  
dant  use in the  Great  Plains, where, 
for the  survival of man and beast, it 

4 A N D  , S H E L  

has been necessary to  temper the  frig- 
id winter winds. In addition, plant 
screens trap enough snow to  supple- 
ment  the scant rainfall (12 to  14 
inches per year) and make a few 
crops, especially winter wheat, fea- 
sible. 

Up  to  the present, most research 
on the subject of shelterbelts has 
been conducted an the  Great Plains 
and on the  Russian steppes, under 

T E  R B ~ E  L T  

conditions qui te  dissimilar from those 
tha t  prevail in the  East. Despite all 
the  unknowns, however, one fact 
shines through: wind barriers can 
have a significant fuel-saving effect in 
our region of the country. 

O n e  favorable factor in the  North-  
east is plentiful rainfall: we can 
usually count  on 3 5 .  to 45 inches a 
year. This  not only speeds the  growth 
of the  plants b u t  also allows the  use 

IPS’ 

- 
S 
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Pinus rigida Pinus strobus Pinus sylvestris Pinus thunbergi Pseudotsuga Tsuga Tsuga Tsuga Name 

Pitch Pine White Pine Scotch Pine Japanese Black Douglas Fir Common Carolina Japanese 

- 20°F -30°F -45°F -20°F - 20°F -35°F -20°F -1OOF Hardinesm 

Fairly open; use Fairly fast in Rather open. A real beauty, if One of the most All hemlocks Denser, more Less hardy, Comment. 
only on soils too growth and one but will grow you can find it. beautiful of need moist, expensive, and slower in 
poor for other of the best. almost Does well near evergreens, but fertile soils, cool less hardy. For growth, but 
plants. Stands shearing anywhere. Much the coast. only hardy when locations. the ornamental thick and lovely 

well. used in Europe. from seeds of garden. 

taxifolia canadensis caroliniana diversifolia 

Common 
Pine Hemlock Hemlock Hemlock N.me 

high-altitude 
trees. 

Populus alba Populus nigra Ouercus Ouercus Ouercus Ouercus phellos Rhamnus Ulrnus purnila Name 
italica borealis irn bricaria palustris da vurica 

Poplar Name 
White Poplar Lombardy Red Oak Shingle Oak Pin Oak Willow Oak Buckthorn Siberian Elm Common 

-35°F -45°F -20°F -10°F -20°F -5OF -45°F -20°F Hardiness 

Poplars The better of Most rapid Leaves hang on Needs acid soil Not too hardy, Grows in almost Grows quickly, Cornmento 
withstand the two, but use growing of oaks, all winter, and added iron. but a fine tree. any soil. Fine even in dry soil, 
drought and as a last resort strong. stands shearing bird shelter and but short lived. 
poor soil. Rapid in poor areas. well. food. Best in the 
growing but West. 
wood is brittle, 
life is short. 

Drawings by Margot Apple 
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of many plants that are more effec- 
tive, more attractive, and longer-lived 
than those that are tough enough to 
withstand the harsher conditions far- 
ther west. Another fzctor is terrain. 
Although we do have areas where the 
winds are concentrated .and sweep 
down with considerable fury, we do 
not have, for the most pari:, the wide- 
open, flat country where no natural 

protection.is afforded. 
How much fuel can be saved by 

planting wind barriers depends on 
many factors, and research on the 
subject is so new and complex that 
no one answer can be given. But in 
general terms, if a good wind shelter 
is raised between your house and the 
prevailing winter winds, you can ex- 
pect an overall reduction of fuel 

needs of about 12  to 15 per cent. If, 
on the other hand, you have shelters 
on two sides (pick the worst two in 
your locality), the savings can soar to 
25  to 30 per cent. Interestingly, shel- 
ters on the northeast side of the 
house seldom increase the savings 
much further, unless the house is on 
or near the coast. (For special prob- 
lems of wind protection, get in touch 

"S-H R u B s F o R s H E L T ~ E  R B E L T s 

Mame Elaeagnus *Juni,oerus Juniperus Juniperus Pinus mugo *Taxus Taxus media *Thuja 
occidentalis angustifolia chinensis communis sabina mugo cuspidata 

Common Russian Olive Juniper varieties Common Savin Juniper Mugo Pine Japanese Yew Anglo-Japanese Shrubby American 
Arborvitaes Wame Juniper Yew 

Hardlness -45OF -15' to -20°F -50°F -20°F -45OF -20°F -2O'F -20°F 

Comments One of the best, 
stands shearing 
well. 

Varies widely in 
height but will 
grow in dry, 
infertile soils. 
Avoid Irish and 
Swedish 
varieties, which 
windburn badly. 

Also varies Varies widely in All are Varieties used Many fine 
widely in height height. Large handsome, more than the smaller varieties 
and will grow in plantings attract stand shearing hybrid. As lovely are available, 
poor soils. scale insects. well. Not fast as the above. but the naming 

growing. Pick is chaotic. 
mainly female 
kinds for their 
red fruits. @ 

20' 

15' 

- 
Viburnum Viburnum Name Philadelphus Physocarpus Rhamnus Rosa rugosa Salix purpurea *Syringa 

varieties 
species opulllolius frangula species and dentatum lentago 

Common Mock Oranges Eastern Alder Buckthorn Rugosa Rose Purple Osier Lilac Arrowwood Nannyberry 
Name Ninebark 

Hardlness -10" to -35°F -5O'F - 50°F - 50°F -35°F -10" to -50°F -50°F - 50°F 

Comments There are many A coarse, not Will grow rapidly Grow species or Dense in habit It is an 
mock oranges. very attractive in most soils, variety "alba" and with purple impossible task 
They tolerate shrub, but has yellow for best results bark in winter. to choose just a 
rnany soils, are extreinely autumn color. under poorest Will stand very few lilacs (avoid 
dense, and need hardy, has no conditions. Will moist soils. the Japanese 
little care. pests and will stand very tree lilac, which 

grow in almost sandy soils, is too tall and 
any soil. drought, and coarse). Any of 

even salt spray the Preston or 
along the coast Skinner hybrids 

are very hardy. 

'Many line varieties with a range of c:olor and shape are available Ask nurseries in your area for recommendations 

Grows rapidly in 
almost any 
situation, 
preferred to V. 
cassinoides. 
which has 
yellow fruits that 
stink. V. lantana 
is better for dry 
soils. 

Only for large 
areas, as the 
branches arch 
over and root, 
making big 
masses. Good 
for bird food 
and fall color. 

'I  

L 

n 
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with your local Soil Conservation 
Agent, the county foreman of your 
highway department, or the U. S. 
Army Cold Regions Research and 
Engineering Laboratory, Hanover, 
N.H.) 

Let us take an example. If you 
raise a shelter directly against the pre- 
vailing winter wind, the modifying ef- 
fect will be greatest on the shelter's 

lee side up to three to five times the 
height of the barrier (ob;viously, the 
protected distance increases as the 
plants grow). The effect will be mod- 
erate from ten to thirteen times the 
height of the shelter and will be de- 
tectable up to twenty times the 
height of the barrier. 

The desired density in your shelter 
is 50 per cent, which will reduce a 15- 

mph wind to about 5 mph for a dis- 
tance of approximately three times 
the height of the barrier. At 30°F 
this will amount to a fuel saving of 
about 20 per cent; at 0" the saving 
would be about 2 5  per cent. By esti- 
mating the wind reduction and 
checking your thermometer, you can 
check the savings quickly from the 
Wind Chill Chart. * 

.. . . . __.__._ -_ -. 
IS' 

O R  G A P S  I N  W I N D B R E A K S  
.-. ___.._ _ _ _ I  

c 
Declduous 

< .  

Acanthopanax Aronia 8erberis Cornus alba Cornus mas Kolkwitzia OLigustrum Lonicera Name 
sieboldianus arbutifolia thunbergii "Siberica " amabilis species species 

Five-leaved Black Japanese Siberian Cornelian Beauty Bush Privets Honeysuckles Common 
Aralia Chokeberry Barberry Dogwood Cherry Name 

- 20°F -20°F -20°F -50°F -2O'F -20°F -20" to -35°F -20' to -45°F Hardiness 

Needs shearing Not choice, Will grow almost Beautiful red Dense, early Very dense Select only the There are a Comments 
to be dense, good bird food. anywhere bark in winter. flowers. Fruits growth, fine bird hardiest. great number of 
stands heaw 
shade, full sun, 
poor soil. 

except in 
densest shade. 
Thorns make it 
a good barrier. 

good for birds shelter 
and humans. 

bushy 
honeysuckles, 
easy to grow 
and tolerant of 
many soils. 

Viburnum 
prunifolium 

Black Haw 

-35°F 

Will grow almost 
anywhere. Red 
fruits. 

WIND CHILL CHART 
When the wind blows at the listed speeds, your body-and heating plant-will react as if the temperature were: 
Temperature, 

degreesF calm Smph 10mph 15mph 20mph 2Smph 30mph 35mph 40mph 
50 50 48 40 36 32 30 28 27 26 

40 40 37 28 22 18 16 13 11 10 

35 35 33 21 16 12 7 5 3 1 

30 30 27 16 11 3 0 - 2  - 4  - 4  
25 25 21 9 1 - 4  - 7  -11 - 1 3  - 1 5  

20 20 16 2 - 6  - 9  - 1 5  -18  - 20 - 22 

15 15 12 - 2  -11  - 1 7  - 22 - 26 - 27 - 29 

10 10 7 - 9  - 1 8  - 24 - 29 - 33 - 35 - 36 

5 5 1 -15  - 25 - 32 - 37 - 41 - 43 - 45 

0 0 - 6  - 22 - 33 - 40 - 45 - 49 - 52 - 54 

- 5  - 5  -11  - 27 - 40 - 46 - 52 - 56 - 60 - 62 

-10  -10  - 1 5  - 31 - 4 5  - 5 2  - 58 - 63 - 67 - 69 

-15  - 1 5  - 20 - 38 - 51 - 60 - 67 - 70 - 72 - 76 

- 20 - 20 - 26 - 45 - 60 - 68 - 75 - 78 - 83 - 87 

- 25 - 25 - 31 - 52 - 65 ~ 76 - 83 - 87 - 90 - 94 
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SHELTERBELT 

V 1  . .  

DAMA,GING TURBULENCE - 

WINDBREAK 

The sheltering effect of a windbreak 
is evident from this simplified 
drawing. Wind speed drops 
considerably more on the leeward 
side of the shelter than on the 
windward side. 

n 

n 

The turbulence that develops on 
both sides of a solid barrier may well 
create wind problems instead of 
solving them. 

n 

A typical windbreak using trees and 
shrubs of varying heights 
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I r  

T h e  density of the  screen requires 
a bit of explanation. W i n d  shelters 
are effective not  because they stop 
winds, b u t  because they slow them 
down. A screen with a density of less 
than 50 per cent does not give maxi- 
mum benefit. On the  other hand. 
greater densities, which block rather 
.than filter the wind, create turbu- 
lence on the lee side of the barrier. In 
fact, a solid board fence will create 
much higher velocities in the  range of 
one to  five times the  height of the  
barrier than will exist o \ w  a n  open 
field and can often cause enough 
“swirl” t o  be destructive 

A point often overlooked is that  a 
good windbreak decreases the wind 
velocity appreciably for two to  three 
times the height of the  barrier on the  
windward side of the  barrier as well. 
Because of this effect, snow drifts 011 

the windward side will be fewcr than 
on the  lee. This  can be a fine way of 
diverting heavy snow accuniulation 
from well-traveled areas. But i f  your 
shelter is on your property line, it 
most certainly could cause strained 
relations with your windward-side 
neighbor, especially i f  the  drift zone 
includes his driveway! Fuel-cost re- 
ductions from this effect are ap t  t o  be 
on the  slim side, i n  any event. 

A tvpical shelterbelt consists of two 
(sometimes three) rows of trees, LISU- 
2llv with the  taller ones on the wind- 
ward side. Two or even three rows of 
fairly large, dense shrubs are then 
placed on the  windward side of the  
trees. I f  sufficient space is available, a 
row of tall shrubs is placed on the  lee 
side as well. Staggering the  plants in 
adjoining rows increases the  efficiency 
of the  planting. 

I f  there is not enough space for 
such a wide planting, you can use a 
windbreak that  consists of only two 
rows of trees. This  is less efficient bu t  
far better than nothing. l h e  rows are 
planted close together, trees stag- 
gered in  the  rows. 

Evergreens are most efficient i n  
slowing winds, especially during the 
winter when they are needed most. 
Unfortunately, they are much slower 
growing than many deciduous trees, 
which are most effective-and least 
needed-when in  full leaf. Because of 
this, many windbreaks are planted 
with evergreens on the  lee side and 
faster-growing deciduous varieties on 
the other. As the evergreens gain suf- 
ficient size, tlie deciduous row is cu t  
ou t .  l h e  two-row protection can lie 
salvaged to some extent by replacing 
tlie cu t  trees with dense shrubs tha t  

grow fairlv high, or other evergreen 
trees. These plants must be strong- 
growing varieties as they will have to  
compete with the established trees. 
They will need extra attention in wa- 
tering, fertilizing, and weed control 
for two or three years until they are 
well enough established to  make it on 
their own. A mulch is a big help here. 

Russian olive is one of iny fa\.orites 
i f  shrubs are indicated, bu t  if trees are 
to  be used it is hard to  beat tlie bet-  
ter pines. I f  space is available, grow 
the replacement evergreens somc- 
\vhcre nearby while the main wind- 
break is becoming established. W h e n  
the fastgrowing trees are cut,  tlie re- 
placements will be  qui te  large. An ex- 
perienced backhoe operator can dig 
the  holes and move the  balled re- 
placenients very quickly--burlapping 
is not necessary for such a short, 
quick niovc. 

Choosing the deciduous trees must 
be a coinpromise. T h e  faster-growing 
varieties, to  a great extent, have more 
brittle wood, increasing the  danger of 
damage by wind, ice, or snow. This is 
especially true of poplars and willows. 
Red maple, though, is relatively fast 
growing and very strong, while sugar 
iiiaples and oaks are too slow growing 
to  consider. 

N FIRST ix.-\x-rixc a windbreak, the  I rows must be properly spaced so 
that  the evergreens can attain an ef- 
fective size without crowding from 
the deciduous ’ trees; otherwise the  
lower branches will die. If this hap- 
pens, the actual wind velocity under 
the remaining branches will be great- 
er than that  in open fields, and the  
desired effect will he lost. Spruces are 
especially bad in this respect, as they 
often lose their lower branches as 
they grow older. Pines and red cedar 
are much better choices. W h e n  loss 
of lower branches is first seen it can 
be mininiized by heavy pruning of 
the deciduous trees on the  side facing 
the evergreens. Columnar trees re- 
duce this problem; even Lombardy 
poplars may be used, in spite of their 
other faults. 

Spacings between trees or shrubs i n  
a wind barrier are much closer than 
for ornamental plantings, bu t  those 
who suggest planting trees four to  six 
feet apart i n  rows only three to  four 
feet a p r t  are overdoing it. l h e  rows 
i i i  a shcltcrticlt should tic at  l a s t  fixe 
to  seven feet apart. 

Even uiider the best of circum- 
stances, plaiit screens take a back scat 
to  fiber glass or rock wdol insulation 

in the walls af your house: they take 
t ime to  become effective. But  there 
are ways of reducing this t ime lag. 
First, start with the  largest plants you 
can afford. State forestry nurseries 
1iai.e plenty of very cheap plants, b u t  
they are generally qui te  small. Larger 
plants froin commercial nurseries cost 
inore b u t  call cu t  years from your pro- 
gram. I f  you are now living i n  your 
home year round, your budget will be 
the limiting factor. If you have a sum- 
mer honie to  which you expect t o  re- 
tire in  a few years, you can make sub- 
stantial savings by starting with 
smaller (and cheaper) plants. Either 
way, give your plant screeiis plenty of 
attention so that  they will a t ta in  
~n;ixiniuni growth. Plant trees or 
shrubs in  large holes with sollie super- 
phosphate dug into the  bot tom.  
‘17ien fill around the  roots with a 
conibinatioii of equal parts of good 
topsoil, compost or peat nioss, and  
sharp sand. Firm this with your fin- 
gers until there are no air holes left, 
then water well and add soiiie soluble 
fertilizer. A good, fluffy mulch is al- 
\\lays a help in getting the  plants 
growing rapidly and keeping them in 
good shape later. Prune heavily the  
first few years to  make the plants 
bushy a t  the base 

If rainfall doesn’t average an inch a 
week, water thoroughly once a week. 
After the  plants have made some root 
growth-in about  six weeks or s o -  
fertilize lightly with a chemical fertil- 
izer, such as 8-8-8 or 10-10-10. Fer- 
tilize again about  six weeks later, b u t  
not after the middle of June. Foliar 
fertilizers can be used until t he  first 
of September,  especially if they are 
not too high in nitrogen. 

O n e  final word 011 pruning. De- 
ciduous plants and scaly-leaved ever- 
greens are normally pruned in late 
winter or just as growth starts. 
Needlc-lea\~cd evergreens, which have 
a single terminal leader, should not  
lie pruned until the  new “candles” 
are half to  two-thirds grown, depend-  
ing 011 how close you wish the  whorls 
of growth to  be. 

If you make good selections for 
your area froni the accompanying ta- 
bles, get strong, healtliv plants, and 
give them the best of care, your sav- 
ings in  fuel will evcntually pay off 
and you will bc  more comfortable ill 
tlie meantime. 0 
FKI;II N I S H I , I  has had a long association 
\\ i t l i  gartlciiiiig ant1 1;indscapiiig. I le  is 
thc ;irithor of inore tha i i  3 hruidretl ar t i -  
clcr o i l  thc siihlect, ki i r t l  co-arithoi of The 
( ;olden Guide To Flowers 

9 
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Life in the Greenhouse 
Despi te  growing i n t e r e s t  in so la r  greenhouses  and 

sunspaces,  many po ten t i a l  owner s  discover  appa ren t  
conf l i c t s  be tween  what ' s  bes t  fo r  ene rgy  savings and 
what ' s  bes t  fo r  plants .  The  au tho r  sugges ts  a t o t a l  plan 
to enhance  both  h e a t  ga in  and hor t icu l ture .  . \  

n 
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Life in the Greenhouse 
What Plants Want in Solay Deskns 

By Miriam Klein 

great deal of information on the 
construction and design of solar A greenhouses is now available. but. 

to date, little of it has been directed 
towards horticultural management and 

even less towards this topic on a regional 
basis. This article focuses on the relation- 
ship between the perforniance and the 
design of the greenhouse. 

A solar greenhouse requires consistent 
attention and care. Time and time again, 
greenhouse crops suffer because no one is 
there to open the vents, night curtains are 
not lowered, plants are over-watered. or 
pests a re  permit ted to reproduce 
unchecked. The commitment of time is 
not a large one but must be consistent. sun 
u p  and sun down. Most growers spend 
from one to two hours a day on general 
maintenance. recording temperatures. 
opening m d  closing vents and night cur- 
tains. watering. pest control. and fertiliz- 
ing. Planting and harvesting can require a 
[otiil of two to three days per month, de- 

pending on the size of the greenhouse, the 
experience of the grower, the crops being 
raised, etc. Most people choose to spend 
more time in the greenhouse because i t  is a 
pleasant place to be and growing is such an 
appealing activity. 

There is always a trade-off between op- 
timization of thermal performance and 
horticultural performance. Until recently, 
the scales have been tipped towards ther- 
mal performance, because most designers 
have been solar engineers rather than 
growers. Now that our experience in this 

This a r t i c l e  f i r s t  a p p e a r e d  in t h e  J u n e  1980 issue of SOLAR AGE. Copyr ight  0 1980 SolarVision, Inc., 
Harrisvil le,  New Hampshi re  03450 USA. Al l  r igh ts  reserved .  Repr in ted  and  published by permission. 
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area has increased, growers are beginning 
to influence design and to suggest 
modifications that make the structure a 
greenhouse rather than a sunspace. Con- 
sider the plant's needs before you build a 
solar greenhouse, The design of the build- 
ing must recognize certain basic hor- 
ticultural requirements: light, humidity, 
carbon dioxide, and temperature. 

The following discussion deals with 
each requirement separately because it is 
convenient to do so, hut there are no easy 
divisions among them. 

Similarly, vents, fans, storage, back-up 
heat, insulating curtains, the angle of glaz- 
ing, and other design factors do not affect 
only one of these basic horticultural needs. 
I t  i s  beyond the scope of this discussion to 
detail all the inter-relationships. Simply 
keep in mind that no one factor operates 
independently. 

Light 
The major difference between a solar 
greenhouse and a conventional green- 
house lies in the attempt to capture and re- 
tain heat. North walls and usually at least 
part of east and west walls are insulated. 
Since heat is rapidly lost from a 
transparent surface (glazing), designers 
tend to try to minimize the square feet of 
glazing and maximize the square feet of in- 
sulated surfaces. But a greenhouse is for 
growing plants, and plants require light to 
live and grow. The lesson has been learned 
by many greenhouse managers. Don't 
sac.rifke Iicyht to minimize heot loss. 

Morning light seems to be most 
beneficial for vigorous plant growth. If you 
have to choose between east and west glaz- 
ing. choose the east. The west side is often 
subject to westerly winds that contribute 
greatly to heat loss, while the east side pro- 
vides early heat and morning light. 

Shading in the prime growing area is 
affected by the number and size of glazing 
bars on the south side. The prime growing 

7his grecnhorise has g m l  li,qhi levels. 7hr south side com(7.s up high io meet ihr soliclnwih roofso light is 
rwnlv (htr ibi i i rd. East and w s t  walls are partially ,qlaxl.  Commimii v Greenhoiise. Fall Rivrr, Mass. 

area is right u p  against the glazing. Try to 
avoid using very wide rafters if the glazing 
material is not too heavy. If the glazing re- 
quires large rafters, he sure to paint the 
rafters white for better reflection of 
sunlight into the greenhouse. 

AN interior siirfaces h [lie greenhoiise 
slioirll be painted white to reflect cliffiise 
light back onto the plants. 

(A technical note from S.A. editors-bhre 
and red ofyer the reflected range of light the 
plants need, so white, painted sirrfbces are 
not essential.) 

If your greenhouse is built with a solid 
kneewall, be sure to bring your bed or 
bench up to the level of the glazing. If  the 
bed is below the glazing level the front por- 
tion of the growing area will be in shade. 

Studies done at Brace Research Institute 
in Quebec, Canada, have shown that the 
use of reflective materials in the green- 
house can contribute to larger yields and 
higher nutrient content in greenhouse 

Rrc:vrlecl storm windows pose some problems i /  
placed on an angle. 7he manji cross pieces rol1ec.i 
dirt. snow, anrlmoisiiire and also coniribiiie io 
shading on the front bed Sonia Wallman. 
North w m l  N H 

Shading 

*_  

. L  
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In May the back osthis greenhouse is in total 
shade. The sdid roof keeps the greenhouse cool in 
summer but limits the growing space because of 
low light lewls in the back ofthe peenhcuse. Len 
and Nancy Meservo, Westmoreland, N.H. 

vegetable crops. There are two types of 
reflective materials used to increase the 
amount of available light to the plants. 

A diffuse reflector, such as flat white 
paint, scatters light uniformly throughout 
the greenhouse. All interior surfaces are 
usually painted white to provide this 
diffuse light that plants prefer. Snow on 
the ground outside also acts as a diffuse 
reflector. 

A specular reflector, such as aluminum 
foil, provides direct beam reflection. This 
is less beneficial than diffuse light and can 
also cause “hot spots” of concentrated 
sunlight that can burn plant leaves. Reflec- 
tive foils can be used in the greenhouse but 
take care that the foil is not too close to the 

This greenhaise has a wry narrow solid rwp 
section against the north wall. The glazed r w f  vent 
allows light topenetrate to all parts opthe 
greenhouse. Action Inc., Gloucester, Mass. 

plants. Reflective paint serves the same 
purpose and will not bum the plants. 

If you want to use the greenhouse to 
grow plants in the summer, be sure that 
your design permits light to penetrate to 
the back of the greenhouse. Often this 
means having a partly glazed roof. Even in 
the winter, when the sun is low in the sky, 
if there is a large solid roof section, some 
shading may occur in the back of the 
greenhouse, particularly higher up on the 
north wall. 

Humidity 
The ideal relative humidity (the actual 
amount of water in the air compared with 
the total possible amount) in the 
greenhouse should be about 60 percent. 
Humidity is closely related to temperature. 
The colder the air, the less water it can 
contain. Since high relative humidity (75 
percent plus) leads to pest and disease 
problems, a cool greenhouse should be 
kept quite dry. When the relative humidity 
is too low, plants dry out. This problem 
can be controlled by watering down the 
walkways and misting the plants. High 
relative humidity is generally more 
difficult to control but can be handled with 
good ventilation. 

Condensation is a result of hot humid 
air being cooled so the air can no longer 
hold the moisture. Usually, the glazing is 
the coldest thing in the greenhouse. Thus, 
water condenses first on this cold surface. 
This presents three problems: water 
droplets on the glazing reduce the amount 
of light that enters the greenhouse; water 
may drip onto plants, creating humid con- 
ditions that lead to pest and disease prob- 
lems; and water drips onto sills. This leads 
to rot. 

Be sure the seal between inner glazing 
and frame is tight so condensation doesn’t 
form between the double glazing. 

Bevel the sills on both the outside and 
inside of the greenhouse. Water should be 
shed off the sills rather than forming pud- 
dles that will eventually rot them. 

Carbon Dioxide 
Without enough carbon dioxide (CO,), as 
without enough light, plant growth will be 
stunted. Fresh air must be introduced and 
circulated around the plants. When air 
conditions are stagnant, a boundary layer 
of air forms around plants’ leaves. This 
boundary layer can be deficient in CO, 
even though there is plenty of CO, in the 
surrounding air. Plants take in carbon 
dioxide and give off oxygen. Composting 
in the greenhouse provides extra CO,. You 
can also talk to your plants, or do your ex- 
ercises in thegreenhouse. It can’t hurt, and 
the greenhouse is by far the most pleasant 
place to be on a sunny winter day. 

It is acritical design mistake to skimp on 
venting area in order to cut down on heat 
loss through air infiltration. Adequate 
ventilation is vital for reducing tem- 

perature and humidity and increasing CO, 
availability. Air infiltration can be cor- 
rected by caulking or weatherstripping 
vents during the winter months. Don’t 
sacrifice ventilation. If no fans are used, 
the rule of thumb is that the total square 
feet of openings to the outside should 
equal from 1/5 to 1/6 of the total floor area 
of the greenhouse. For example, in a 150- 
square-foot greenhouse, the vent area 
should equal from 25 to 30 square feet. 

Cross venting is an effective way to pro- 
vide good air circulation. This can be 
achieved by placing vents on both east and 
west walls. The windward vent (the side 
most exposed to wind) should be lower 
and approximately half the area of the 
leeward vent (the side most protected 
from the wind) to create a good cross- 
draft. One vent should be lower than the 
other so they do not pull against each 
other. 

In many cases vents are situated at the 
ridge and kneewall of the greenhouse. The 
rising hot air at the ridge pulls the cooler 
air from below, providing good air circula- 
tion. The size ratio of the top and bottom 
vents should be 55 percent and 45 percent, 
respectively. 

Unless the vents are automatically oper- 
ated, the greenhouse grower controls ven- 
tilation. In the Northeast, in an attached 
greenhouse, vents are only operated dur- 
ing the warmer months-May to October. 
From November to April, excess heat 
from the greenhouse is vented into the at- 
tached house rather than to the outdoors. 
In a free-standing greenhouse, however, 
the vents must be operational 12 months a 
year. Without ventilation the greenhowe 
will overheat even on a cold sunny day in 
January. One Vermont free-stanc!ing 
greenhouse overheated to 140°F on 
Christmas Day, when no one remembered 
to open the vents. The outside tem- 
perature was 20°F. 

Be sure to vent adequately. In the sum- 
mer this will mean leaving all the vents 
open most of the time. In the fall, spring, 
and winter, someone must open and close 
vents in the early morning and evenings. 
Sometimes it may be necessary to operate 
the vents during the day. You learn to be 
very attuned to changes in the weather. 
Many greenhouse operators noticed that 
they had much greater sensitivity to their 
environment, seasonal changes, sunny 
periods. cloudy periods, etc. Gardeners 
share this sensitivity; the greenhouse 
enhances it. 

If your situation does not allow you to 
be present to operate vents, fans may be 
the answer. They can be used in three 
ways: assisting air exchange from the 
greenhouse to the outside; assisting air ex- 
change between the greenhouse and the 
house; and mixing air within the 
greenhouse. 

A thermostatically controlled fan can be 
a greenhouse-saver for people who work 
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far away from home, or in community 
greenhouses where weekend duties are 
difficult to coordinate. The fan automat- 
ically turns on when the maximum tem- 
perature setting is reached and turns off at 
any point below that setting. 

A small fan placed at the ridge of the 
greenhouse will help to move air into the 
house and to mix air within the green- 
house. Without a fan, you will need two 
openings into the attached house; one at 
the top of the greenhouse and one at the 
bottom. If this is impossible, a door will 
work to some extent. Windows used to 
vent excess heat into the house should be 
opened from the top to bring the warmer 
air into the house. Do not w, an unheated 
cellar as the cold air opening if the tem- 
perature in the greenhouse i!j permitted to 
fall below freezing. One such case resulted 
in frozen cellar pipes. 

Temper at we 
Most plants prefer no more than a lo" to 
15°F change from day to night. Since the 
temperature in a solar greenhouse can 
fluctuate by as much as 30" to 40°F be- 
tween sunny days and clear nights, some- 
thing must be done to reduce this fluctua- 
tion. 

In a solar greenhouse, most of the heat 
is lost at night and on cloudy days through 
the glazed south side. To reduce this heat 
loss, insulating curtains or shutters are 
placed against the glazing at night and are 
removed during the day to admit light. 
Styrofoam brand sheets that fit against the 
glazing at night are a simple solution as 
long as you have somewhere to store them 
during the day. Curtains may be a major 
expense. The most effective curtains cost 
between $3 and $5 per square foot. A 

Jw White iises two circiilating. fans 24 hairs a day 
in his pit greenhoiise. He nins un herb bisiness 
nine months out of the year and finds that the,fans 
reduce his pest disease prohkm. particiilurly iri 
the case of white. fly. Yearb cast, fir merating the 
,fans i.s esslimatedat $10.00. Jw White, Brentwood. 
N. H. 

blanketkurtain rigged over the plants on 
very cold nights may be more sensible 
than insulating the entire south side of the 
greenhouse. Of course, this will not keep 
the air temperature of the greenhouse 
from falling, and if there is a succession of 
cloudy days the plants will suffer from the 
low temperature. 

More experience is needed to come up 
with a low-cost night insulatkg curtain to 
solve the problem of low nighttime tem- 
per a tures. 

In an attached greenhouse in the winter, 
vents and doors to the outside should be 
insulated and sealed to cut down on air in- 
filtration. Greenhouse operators in Fall 
River, Mas. ,  just stuff the vent with 
fiberglass insulation. The insulation 
doesn't get wet since the vent is louvered 
on the outside. Styrofoam or other insulat- 
ing material can be cut to fit the vent and 
sealed around the edges to prevent infiltra- 
tion of cold air. The idea is to stop heat 
from escaping during the cold winter 
months and still have enough vent area to 
keep the greenhouse from overheating 
when outdoor temperatures are high. 

Some form of supplementary heat can 
be used in the greenhouse to prevent tem- 
peratures from falling too low. If your 
greenhouse is attached to your house, you 
can vent excess heat into the house during 
the daytime (using the house as part of 
your storage) and put some heat back into 
the greenhouse at night and on cloudy 
days. 

Gail and Joe White let the snow build up 
against the south slope of their pit 
greenhouse in Brentwood, N.M., during 
cloudy spells. The snow acts as an insulat- 
ing blanket,and the plants are fine without 
light for those few cloudy days. When sun 
is forecast, they shovel the snow away 
early to make sure that the plants get the 

This peenhouse is drsigned,fbr,fbod andseedling pmduciim. Anpie storage is provided by SS-gallm 
dnrm stackrd two high almg the north wall and deep soil beds ninning thmiigh the middle ofthe 
greenhouse. &ins almg the soiith side aN less effectiw at picking u p  heat since they donot receive any 
direct siinlight. Convniinity Gremhoiise. Fall River, Mass. 
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benefit of the niorning sun and heat. 
Attached greenhouses are often built at 

a lower level than the adjoining house. 
Unless you have a circulating fan. cold air 
settles and stays near the ground. This 
means that some plants will always be sit- 
ting in the coldest air in the greenhouse. 
For this reason, plant benches and beds 
should be as high or higher than the floor 
of the adjoining building. The plants have 
enough to put  up with in the winter with- 
out being in the coldest spot in the 
greenhouse. 

Thermal Storage 
Thermal storage in solar greenhouses 

keeps temperiiturcs Poni fluctuating too 
much. 

Water storage sysrenis are simple and 
require no parts be$Tond the containers 
themselves. Here are some examples. 
Consider how long they'll last and how 
much room they'll take up. 

55-gallon drums are usually used 
because they are inexpensive (free to $5 
second-hand) and easy to locate. Check 
the yellow pages under drums. Problems: 
they take up ii lot of space: they rust after a 
few years and start to leak; and once filled, 
they are very hard to move. 

Honey tins are small (five-gallon), 
square metal containers. They can be 

stacked very efficiently to any height. 
They take up less room than the round 
drums. Problems: they are expensive; they 
are difficult to find in quantitiy unless you 
are associated with a coop or some place 
that consumes a lot of honey; and they 
rust a t  least as quickly as the drums. 

Dork tolots ohsorb lieot best. Paint con- 
tainers any dark color. dark green, dark 
blue, dark red. You can paint pictures if 
you like, as long as they are dark. 

Cider jugs are small (onegallon) plastic 
containers. Problems: they're not strong 
enough to stack and are fairly expensive. 
They can be very useful as extra storage 
that can be popped in wherever there is 
some spare space. 

Sonar buoys are five-gallon containers 
used by the U S .  Navy. They are easy to 
stack and take up less room than drums. 
Problems: unless you have connections 
with the Navy, they are expensive ($1 to 
$5 each). 

Anything that holds water can be used 
as extra storage on sunny days. Look 
around for other containers. 

Rock is also ii good storage medium but 
you need to use a fan to push warm air 
through the rock. This is more expensive 
and complex than water storage. It re- 
quires more parts, and there are more 
break-down problems than with a water 
system. 

Soil is an excellent storage medium. 
Most people use it without realizing that it 
is acting as storage. Wet soil, in particular, 
has the capacity to hold a lot of heat and to 
release it very slowly. 

I f  you have a masonry wall on the back 
of your greenhouse, or would like to build 
one, paint it a dark color and use it as 
storage instead of or in addition to water. 

How much storage? In the coldest parts 
of the Northeast, 3 to 5 gallons of water 
per square foot works very well. In a 150- 
square-foot greenhouse, (10 by 1 3 ,  eight 
or nine 55-gallon water drums would be 
about right. This is only a general formula. 
You will need less storage if :  the 
greenhouse is tight and well insulated; the 
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plant varieties you choose can withstand 
temperature fluctuations and fairly low 
nighttime temperatures; you are willing to 
put some heat back into the greenhouse 
from the attached house at night and on 
cloudy days; or nighttime insulation is 
used to cut down on heat loss at night. 

There is always a trade-off between 
placing the storage where it will pick up 
the most heat and having the most space 
for growing plants. 

Since every greenhouse is different, 
there is no set formula for where to place 
the storage containers. Here are some 
general rules. 

Try not to shade storage with tall plants 
growing in front of the containers during 
the winter months. The more direct sun 
the storage is exposed to, the better it is at 
storing heat. 

Nothing should block the flow of air 
from the greenhouse into the attached 
house. Don’t place the storage where it will 
block a door or window used to vent heat 
into the house. 

Try to balance the storage t:hroughout 
the greenhouse. Don’t place all the con- 
tainers on one side (east or west) of the 
green house. 

Storage is often placed along the north 
wall. The angle of the south side: is usually 
designed to allow direct sun 1.0 hit the 
north wall in mid-winter. A shelf for start- 
ing seedlings can be run along the top of 
55-gallon drums stacked two high. Since 
warm air rises. this takes advant.age of the 

warmer air at the top of the greenhouse. 
Storage can be placed under beds or 

shelves on the south side. The advantage 
to this is that the storage will pick up a lot 
of heat when placed against a glazed south 
side. The disadvantage is that you must 
then work with raised containers instead 
of ground beds, which are preferable for 
growing. 

Place storage so that the largest surface 
area is exposed to the sun. The efficiency 
of the storage at picking up heat will make 
a big difference to the temperature’s 
stability, and in turn, how well your plants 
will grow. 

When filled with water, each 55-gallon 
drum weighs 450 pounds. Make sure the 
drums are securely placed, one on top of 
the other. Placing 2 by 2’s between the two 
drums or staggering the drums allows air 
to move more freely between them. 

The way you lay-out your greenhouse 
will depend on what you want to grow. 
Potted plants can be grown on benches, 
shelves, or suspended from the ceiling. 
Most vegetable crops will grow best in 
deep soil beds that can be at ground level 
or elevated and adequately drained. 

(Ed. note-For a discussion of the pros 
and cons of using thermal storage in solar 
greenhouses and for more information 
about actual experiences with attached 
greenhouses, see “Riding the Learning 
Curve” by Jeremy Coleman, Solar Age, 
June 1979.) Q 

This article has been excerpted, 
condensed, and edited from a 
manual entitled, “Horticultural 
Management of Solar Greenhouses 
in the Northeast.” The manual was 
written in order to share the suc- 
cesses and failures that solar 
greenhouse growers have been en- 
countering and to provide basic in- 
formation on how best to use these 
structures to produce food. The 
manual  was produced  a n d  
published by The Memphremagog 
Group, P.O. Box 456, Newport, Vt. 
U5855. Newport is located on 
Memphremagog, which means 
“Lake of the Beautiful Waters.” The 
group is a non-profit corporation 
formed to provide services and con- 
duct research on the way com- 
munities can become more self- 
reliant in meeting basic human 
needs of food, shelter, education, 
and meaningful work. The manual 
can be obtained from The Mem- 
phremagog Group or from the 
Center for Ecological Technology, 
74 North Street, Room 610, Pit- 
tsfield. Mass. 01201. Price: $4.00 for 
one copy; $3.50 for two to five 
copies; $3 for six to 19 copies; and 
$2.50 for 20 copies or more. 

c 
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The "Other" Energy Crisis 

The  na tu ra l  thermosiphoning  effect of h e a t e d  a i r  
can ,  paradoxical ly ,  be  used to bring abou t  passive 
cool ing  for  ho t  s u m m e r  days.  This a r t i c l e  t e l l s  how. 



The  pr inciple  behind a na tura l ly  cooled house i:j 
upward a i r  flow. By day,  cool a i r  e n t e r s  th rough a cool 
t u b e  in to  t h e  b a s e m e n t  or ,  by night ,  through basemen t  
and upper leve l  windows. This a i r  is t hen  drawn up 
through and o u t  of t h e  house by t h e  pulling ac t ion  of 
t h e  whole house f a n  or  a t h e r m a l  chimney.  T h e  
componen t s  a r e  in te rchangeable ,  b u t  t h e  resu l t s  a r e  the 
same:  cool s u m m e r  comfor t .  



20 4 

1 

The ecOthergg Energy Crisis 
nergy is usually portrayed as the E stuff tha t  keeps our teeth from 

chattering on a winter’s night. And when 
we think of alternate energy, it seems as 
if the heating season has a monopoly on 
exciting solutions: A hundred beautiful 
contraptions for burning wood . . . a 
thousand homes of striking design, 
made almost entirely of glass and green 
plants . . . people calling for a new har- 
mony with the sun. 

How are those things going to help 
you come summer, when you’re looking 
for shade? The cooling season presents 
an energy crisis of its own. Those 
Northerners who move to the Sunbelt, 
thinking to  escape energy’s high price, 
find it comes back to haunt them with 
the first electric bill after the air condi- 
tioner is turned on. 

Just as winter is fended off with pas- 
sive solar heating, summer can be sub- 
dued by something called “passive 
cobling.” Passive cooling is a lot like 
passive heating, in tha t  it works its 
magic by using the laws of nature and a 
minimum of moving parts. In a way, it’s 
the mirror image of passive heating: 
Whereas the first commandment of 
passive solar is to do everything possible 
to  prevent heat loss, passive cooling’s 
mandate is first to reduce heat gain. 
Then passive solar collects heat from the 
sun, whereas passive cooling gets rid of 
it. 

There’s one more parallel to draw. 
Like passive solar heating, passive 
cooling is “ninety per cent common 
sense and good design,” according to Dr. 
Donald Elmer, chairman of the Passive 
Cooling Standing Committee of the In- 
ternational Solar Energy Society 
(American Section). 

Elmer notes that there are four factors 
affecting human coolness: (1) air tem- 
perature (2) the  temperature of sur- 
rounding objects (3) air movement, aqd 
(4) humidity. Accordingly, Dr. Elmer’s 
definition of passive cooling is use of the 
structure (home, office, whatever) to 
reduce heat gain to the interior, or in- 
crease air flow, or reduce humidity. 
There is more than one way to get cool, 
and you choose your weapons according 
to  your site and climate. 

As you might guess, our ancestors 
knew more about passive cooling than 
we do. For instance, the adobe houses of 
the Southwest had such thick and 
slow-to-heat walls that the human body 
would radiate its warmth to them 
throughout much of the day (that’s 
cooling factor #2). At night, of course, 
the process would reverse and walls 

Reor in t ed  f rom t h e  Ju lv /Aueus t  1980 

would heat bodies. In the Southeast, 
where high humidity makes air move- 
ment crucial to  evaporation of perspi- 
ration, “dog run” houses took advantage 
of a central hallway to funnel prevailing 
breezes through the hall and into ad- 
joining rooms. In coastal Georgia and 
South Carolina, the oldest houses are 
positioned to catch onshore/offshore 
breezes. Tall ceilings-10 to 12 feet 
above the floor-allow the warmest air 
to  rise above the inhabitants. Double- 
hung windows, nearly as tall as the 
rooms, can be opened a t  top and bottom 
so breezes strip heat off the ceiling and 
dump i t  outside. 

If you ever visit Thomas Jefferson’s 
home, Monticello, in southern Virginia, 
take note of his design: thick masonry 
walls, plenty of tall windows and 
breezeways to capture hilltop breezes, a 
two-story-high central hallway, and 
cellar-level passageways leading to  
outbuildings. These passageways may 
have acted as rough cool tubes, drawing 
the earth’s coolness into the main 
building. 

So we have much to re-learn, and 
much to  borrow from other, less en- 
ergy-intensive cultures. For the last ’30 
years or so, we have been able to make 
our homes into giant summertime re- 
frigerators. But as the cost of electricity 
rises, we’ll use our air conditioners less. 
Other solutions will fill the gap. We can 
draw from the past; we can also use 
modern technology to be naturally cool 
as  never before. 

The solutions, both old and new, fall 
into these categories: 

Preventing heat gain This is simply 
the hiding of your home’s interior from 
sun and heat. If you’re designing a new 
home, it means positioning it so your 
shortest walls face east and west, and 
keeping west-facing windows to a mini- 
mum. I t  means overhangs so your win- 
dows are shaded. If you already have a 
home, preventing heat gain means all 
manner of shading devices, from trees 
and trellises to bamboo screens. If you 
can, use those screens to shade your 
windows from the outside, not from in- 
side. Inexpensive little solutions like 
that  are remarkably effective. Insulation 
and weather stripping are also passive 
cooling devices, believe it or not. They 
slow down the invasion of heat and hot 
air into your home. A well-insulated 
house with windows closed and shades 
drawn should keep you cool for the first 
half of a hot summer day. 

Earth cooling Eight feet down, the 

earth is cooler thali summer air. If 
household air is brought in contact with 
the earth, it will give up some of its heat. 
This idea is put to use in cooling tubes, 
underground homes, and systems tha t  
pump well water through coils in the 
house, whereupon a fan blows air over 
the coils to  achieve cooling. 
Sky cooling In the clear, cool nights 

of the Southwest, massive materials ra- 
diate their heat to the nighttime sky. 
The most well-known design to take 
advantage of this effect is Harold Hay’s 
patented roof pond system. By day 
during the summer, a pond of water on 
a flat roof is covered by insulation while 
it absorbs household heat. By night the 
pond is uncovered, the heat is released 
to  the sky, and by next morning the 
pond is ready to  cool the house again. 
During the winter the process is re- 
versed: The pond is covered by night 
and uncovered by day. 

Ventilative cooling This includes all 
the old ways to capture prevailing 
breezes and let them move through the 
house by means of hallways, transoms, 
windows and louvered shutters. I t  also 
includes new ways to  induce a breeze 
when there isn’t any. These ways take 
advantage of the “stack effect”; tha t  is, 
as air warms i t  rises, seeking a way out 
and drawing cooler air from below to  
replace it. A thermal chimney is a prime 
example of naturally induced ventila- 
tion. 

Desiccant cooling In the Southeast, 
high humidity can be a bigger demon 
than temperature. The body’s natural 
cooling mechanism, perspiration, can’t 
work effectively because the moisture- 
laden air has a hard time evaporating it. 
In such a condition, any air movement 
is welcome, even if it comes from a 
sluggish ceiling fan. Even more welcome, 
however, is something that  dries the air. 
Air conditioners and dehumidifiers do 
this wonderfully, but a t  great expense, 
so researchers are exploring new tech- 
niques. Fuller Moore, an architect and 
educator a t  Miami University in Oxford, 
Ohio, has designed a two-chamber box 
that looks like a solar collector attached 
to a house. On one side, humid air flows 
over trays of activated charcoal before 
entering the house. In the other cham- 
ber, saturated trays sit under glass to dry 
out. 

Evaporative cooling Air’s temper- 
ature is actually lowered when it absorbs 
water because the evaporative process 
uses up heat-1,000 BTUs, in fact, for 
every pound of water added to  the air. 
This is used most effectively in hot, dry 

issue wi th  permission of RODALE’S N E W  SHELTER Magazine.  
1 ,  ” 
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climates. Incoming breezes are cooled in 
passing over jars of water, through 
fountains, across pools and around trees 
(which transpire water pulled up from 
their roots). Though its effect in humid 
climates is much reduced, it may be of 
some comfort. 

Flywheel cooling This is the cooling 
effect achieved by the massive adobe 
houses of the Southwest. The sheer mass 

acts like a thermal flywheel, taking a 
long time to “get rolling” (heat up) but 
also taking a long time to “slow down” 
(cool off). The long delay in heating the 
mass causes interior air and inhabitants 
to be cooled by mass walls on hot after- 
noons. In houses with insulation on the 
exterior side of mass walls, this effect is 
heightened. The walls soak up only in- 
terior heat and can be “discharged” a t  

night by drawing cool nighttime air 
through the house. 

Some of the applications of these 
cooling methods are still very much in 
the experimental stage. Some may turn 
out to be impractical. But  the overall 
concept of passive cooling will, in the 
end, probably prove much more practi- 
cal than the air conditioned summers we 
live in now. L.R.S. 

Cool Tubes 
Makina use of all  the 
mild w% a t her 
by Julie Lalo 

t’s so hot, it’s stifling. You seriously I consider setting up camp in the 
basement. Why is the basement so cool? 
T h e  answer lies in the earth. Just  a few 
feet below the surface, the earth main- 
tains a fairly constant temperature 
which, in the summer, is cooler than the 
air. 

In order to take advantage of the vast 
uncharted cooling resource beneath our 
feet, a few innovative home builders are 
now developing ways to channel air un- 
derground and then circulate it through 
the house. These naturally cool channels 
are called cool tubes. 

The  bad news about cool tubes is, 
nobody yet knows exactly how well they 
work. Because so few examples have 
been built, tested, and lived with, there 
are no rules of thumb for constructing 
them. N e w  Shelter contacted more than 
a dozen builders of the tubes; each had 
a different way of doing things, and all 
wanted to  hear about everyone else’s 
method. How long should the tubes be? 
What width? Of what material? These 
are the kinds of question:; that  need to 
be answered. 

The  good news is, builders and de- 
signers are getting a handle on these 
problems, and work being done across 
the nation should lead cool tubes beyond 
the experimental stage in the next cou- 
ple of years. So we took a. look a t  some 
pioneering installations to see what’s 
happening now and what t.he future may 
hold. 

In a suburb of Atlanta, Georgia, Terry 
and Andrea Schneider are spending 
their first summer in a solar home they 
Right: Terry Schneider and the  house 
he’s built in suburban .4tlanta. T h e  
thermal ch imney ,  which provides t h e  
driving force for t h e  coo/ tubes,  is a n  
integral portion of t h e  sloped glazing 
y o u  see a t  rear. 

down under 
built themselves. Their cooling system 
consists of four cool tubes, each 100 feet 
long, and a thermal chimney. 

The cool tubes are made of eight-inch 
diameter galvanized duct material, the 
same ducting commonly used to dis- 
tribute hot and cold air through houses 
with conventional HVAC systems. A 
price of 23 cents per linear foot certainly 
makes this material “low-cost.” The four 

tubes stretch out under the earth on the 
eastern side of the house. The east wall 
of the house is bermed, so the tubes are 
buried under 12 feet of cooling earth 
before dipping under the house’s con- 
crete slab and up through it to  exit a t  
floor registers. The  floor registers are 
standard 3 X 14-inch louvered vents 
that  would fool you into thinking the 
Schneider house has a conventional 
central air conditioning system. The  
registers open and close, so the house 
can be shut off from the tubes when the 
cooling isn’t desired. 

The  tubes themselves are only half 
the total cooling operation. Air doesn’t 
move through them by itself; it needs 
something to pull it through. The driv- 
ing force to  do this is a thermal chimney 
on the west side of the house. Atlanta 
architect Richard Sibly, who designed 

n 
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the  Schneider house and its cooling 
system, says the cool tubes and thermal 
chimney are “the natural equivalent of 
a one-ton air conditioner. We tested it 
earlier this year and we’ve gotten a good 
draft through the system.” Sibly has 
confidence in his system because he 
based it on measured performance of 
other thermal chimneys, and consulted 
the ASHRAE (American Society of 
Heating, Refrigeration and Air Condi- 
tioning Engineers) Handbook to figure 
out how much friction the cool air would 
encounter when dragged through 100 
feet of eight-inch metal tube. “I t  wasn’t 
a guestimate,” says Sibly. “We had some 
sanity in our design.” 

Just  how well the system will func- 
tion, especially during the hot sticky 
month of August in Atlanta when the 
earth’s temperature gets its warmest, is 
something that  Sibly hopes to find out 
this summer. 

T h e  four cool tubes a t  the Schneider 
residence were wrapped in polyethylene 
before being buried in the earth, and all 

Below: Here are two of the SchneLders’ 
four cool tubes.  T h e  photo shows t h e m  
as t h e y  were thLs spring, before land- 
scaping wa,s complete.  The), are now 
completely buried. Their inlets, 100 feet  
away from the  house, draw cool shaded 
air from a wooded spot. 

four tubes slope upward from their in- 
lets to the house. The polyethylene seals 
the tubes from disease spores and in- 
sets that  can inhabit the soils of the 
local region, and the slope insures that  
any moisture in the tubes drains away 
from the house, rather than toward it. 
The  Schneiders want to keep their tubes 
as dry as possible because a number of 
cases of Legionnaires’ Disease have been 
traced back to cool, wet environments 
such as the central air conditioning 
systems of office buildings. (Andrea 
Schneider works at  the Center for Dis- 
ease Control in Atlanta.) 

Moisture within the cool tube is 
something that  should be happening if 
the tube is working well in a humid cli- 
mate. As you know, hot air can hold 
more moisture than cold air. As hot, 
humid air is cooled on its way through 
the tube, some of its moisture condenses 
on the sides of the tube, just as if the 
tube were the outside of a glass of iced 
tea. So cool tubes should dehumidify air 

Cooling Tube 
Ckaringhouse 

The Southern Solar Energy Center 
currently is establishing an Infor- 
mation Exchange Group to  aid the 
advance and development of this 
state-of-the-art passive cooling con- 
cept. 

If you are actively involved in the 
design, construction or evaluation of 
earth cooling tubes, the SSEC would 
appreciate your input and partici- 
pation. Information or queries can be 
sent to D. W. Abrams, P. E., South- 
ern Solar Energy Center, 61 Perim- 
eter Park,  Atlanta, Georgia 
30341.-K.A.M. 

as well as  cool it. 
That’s the effect Ohio builder Ray 

Baker is really counting on. He has in- 
stalled two cool tubes as part of a natural 
cooling system a t  a new house in subur- 
ban Cincinnati. “If we can just de- 
humidify the air, we don’t have to  cool 
it tha t  much,” he says..“Here in the 
summer, it’s the humidity that  kills 
you.” 

T h e  two cool tubes a t  the suburban 
Cincinnati residence are each 40 feet 
long. They are 12-inch galvanized cor- 
rugated metal buried seven feet deep. 
Like the Schneider residence in Atlanta, 
the driving force pulling air through the 
tubes is a thermal chimney. A test run 
late last year, when cool tube inlet tem- 
peratures were in the 50s and thermal 
chimney stack temperatures were in the 
 OS, produced a 200 cfm (cubic feet per 
minute) air flow in each tube. 

But  how well will they work through 
a Cincinnati summer? “I don’t know 
what’s going to  happen to  these things; 
nobody knows,” says Baker. “We’ll 

Below: Skeet Stokes kneels next to the 
inlet  f o r  one o f  two tubes tha t  cool his 
Canton,  Georgia, home. T h e  20-inch 
diameter aluminum cool tube is covered 
by a n  a luminum screen to  keep  frogs, 
mice,  and other l i t t le creatures f rom 
paying a uisit. 
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Mike Ondra’s 1 li Cool Tube 
Mike  Ondra is a n  architect and partner Over head view 
of Shelter Design Group, S tony  R u n ,  

height is at or near top of slab. Cool 
enters approximately 1’ above floor. 
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know for sure this summer, but frankly, 
I’m not that  concerned. If common sense 
is anything a t  all, they’re going to  work. 
If the earth down there is 60°F. in Au- 
gust, which is what it will be, and you 
bring in heavily moisture-laden aib 
you’re going to  wring out moisture. 
You’ll just have to.” 

One source of inspiration for Baker’s 
cool tube work has been Richard 
Strayer, an architect and energy con- 
sultant in Dublin, Ohio. Str,syer recently 
built a home in Ottawa, Ohio, that  has a 
series of cool tubes and the e f f ec t  of a 
thermal chimney. Tha t  is, all ceilings in 
the home are vaulted toward a high 
point, where an operable vent allows 
rising hot air to  escape. This draws air 
through the cool tubes, which vary in 
length from 20 to 30 feet. All are made of 
concrete. They enter the home through 
the basement wall, and feed (through 
metal duct work) directly into the 
home’s forced air heating system. So the 
cool summer air enters through ordi- 
nary-looking registers, as in the  
Schneider home. But  unl ike  the  
Schneider home, Strayer designed his 
cool tubes to run downward into the 
basement, rather than uphill. Water 
accumulation in the tube!; so far has 
been “almost nothing,” Strayer 
claims. 

The  cost of the cool tube system in 
Strayer’s Ottawa home came to  $1,000. 
“Of course, that’s much cheaper than an 
air conditioning package,” he says. “And 
here is a method of cooling in which you 
won’t be paying for the energy ever af- 
terwaid.” 

ILLUSTRATIONS BY KATHI EMBER 

Mike Ondra, a Pennsylvania designer 
of energy-efficient homes, has a little 
different approach. He takes advantage 
of the perimeter drain he installs around 
his houses to  do  double duty as a cool 
tube. (See Illustration) The  plastic 
tubing, six inches wide, runs around the 
perimeter of the foundation. Picture a 
“U” with the house a t  the elbow and you 
have a birds-eye view of Ondra’s design. 
The  tubing ($1 per linear foot) is perfo- 
rated for drainage as it circles the house. 
Ondra packs it in gravel with a layer of 
straw on top and earth covering that. 
Then, as the tube stretches out beyond 
the house, it is not perforated and it’s 
packed only in earth. 

A small, low-wattage blower at the 
cool tube’s basement outlet pushes the 
cool air up, into and through the house. 
Ondra says he places the fan at the cool 
tube outlet rather than where the hot air 
is vented out the top of the house for a 
very good reason. “One disadvantage of 
having the fan a t  the hot air outlet is 
that  you’re drawing air through all the 
leaks in the house (in addition to  the 
cool tubes), creating a negative pres- 
sure.” 

Winter use, Ondra says, depends on 
the home owner’s wishes. Duct work can 
be added to  connect the cool tube to  a 
wood stove, so combustion does not 
burn up already-heated house air. Or a 
damper a t  the inlet can be closed to  
discontinue its use during the cold 
months. 

Like Baker, Ondra sees cool tubes 
partly as a dehumidifying device. He 
likes to  compare their effect to  that  of 

squeezing a wet sponge. “As you squeeze 
the sponge, water drips out. When you 
release it, the sponge returns to  normal 
size and air has taken the place of the 
water.” Similarly, as warm air cools on 
its way through the tube, the tempera- 
ture differential acts as the hand 
squeezing the sponge. The  cooler the 
cool tube, the more water is squ’eezed 
out, which condenses on the side of the 
tube. As long as some provision is made 
for the water to  drain out, the system 
can work effectively, he says. And he 
hopes for good things to happen with the 
cool tubes in the homes he built this 
spring. “I am expecting a 15 to 20 degree 
temperature drop in the tubes as well as 
a 30 per cent relative humidity drop,” he 
says. 

So much for builders and designers. 
Do the owners of tube-cooled homes 
enjoy their low cost method of cooling? 
Sistie Howie of Raleigh, North Carolina, 
says of her cool tubes: “Last summer, 
even though our house wasn’t finished 
completely, our house was definitely 
cool. I am confident that  we will have an 
enjoyable temperature in here this 
summer.” Mr. and Mrs. Roger Brahler 
of Milford, New Jersey, are also happy 
with their system. They had a cool tube 
installed last May and they say, “We 
didn’t specifically monitor the cool tube, 
but from a comfort standpoint, the tube 
performed very well.” 

What Mike Ondra had to  say about 
moisture drainage rings true with Bob 
Mastin, the owner of an Ekose’a de- 
signed Rhode Island home. Mastin says 
his cool tube, completed in March of 
1979, took 92’F. outside air last summer 
and effectively cooled it to  68°F. But his 
tube, 50 feet of 24-inch diameter corru- 
gated aluminum culvert pipe, was in- 
stalled without perforations. “It  was n 2 constantly soaked, so I literally had to  2 
crawl through the pipe and drill holes in $ 

P the  corrugations.” 
Another home owner is Paul Hansel 2 

of Dalton, Minnesota. In April 1979 & 
Hansel installed four 125-foot-long e ? pipes underneath his yard, spending P 

A 

n 

Above: T h e  low T- shaped  wooden 
bench in t h e  foreground is Ray  Baker’s 
attractive way of camouflaging his cool 
tube  inlet  in t h e  yard. T h e  uppermost  
portion of t he  slanted glazed uall  serves 
as t h e  thermal chimney. 
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Above: T h e  outlet: Now you see i t ,  now 
you  don’t. T h e  photo  above shows the  
tube’s floor-level hookup in a suburban 
Cincinnati  house built by Ray  Baker. 
Below you  see the  tube disguised as a 
mild-mannered forced air vent.  

$608 in doing so. T h e  pipes are plastic 
drainage pipes, “ the cheapest you can 
buy,” he says. “If they make pipe so 
water can be carried away by it, well, the 
same thing will happen if condensation’s 
in there.” Hansel says his pipes don’t fill 
up  with condensating water because 
they are perforated for drainage, and the 
only place such perforations would be a 

1 ., 
. I  

problem is in places with a high water 
table. In that  case, “the pipes would be 
full of water and wouldn’t do any- 
thing.” 

Hansel is happy with the performance 
of his cool tubes. “Our house tempera- 
ture now is always more than 10 degrees 
below the outside temperature, and 
usually 15 degrees below.” The humidity 
is also lower inside, he says. Hansel’s 
inspiration for installing the tubes came 
not from architects or solar homes he’d 
seen, but “from Encyclopedia Britan- 
nica. They did this stuff in Persia in 6 
B.C.” He took on the project without 
benefit of formal engineering back- 
ground or calculations. “The only thing 
I set out to  d o  was stay cool,” he says. 

Doug Nordham, a researcher a t  the 
Solar Energy Research Institute in 
Colorado, says about Hansel and his cool 
tubes: “I asked him how he decided what 
depth to  put  it a t ,  how long to make it, 
and all that, and he just said, ‘Well, I dug 
down far enough until the earth felt cool, 
and I stretched it out far enough to make 
sure it would work.’ And, you know, he 
probably got pretty close to  what the 
optimal specifications of a cooling tube 
should be. It’s like solar collectors. You 
can spend lots of money on fancy arrays 
that  are highly efficient, but basically, 
if you put a black hose on your roof and 
run water through it, you’re going to  get 
heat. And basically, if you put  some- 
thing in the ground and run air through 

it, you’re going to  get cool air.” 
That  was good enough for experi- 

menters like Hansel, but many builders, 
designers and home owners want to  
know the very best way of doing some- 
thing. Thus, more site experiments and 
computer simulations have to  be done. 
Soil characteristics, tube material, 
drainage and cost vary greatly from site 
to  site. These and a multitude of other 
variables have to be shaped into finite 
“rules of thumb.” Harold Hill, a pro- 
fessor of architecture a t  Virginia Poly- 
technic Institute, says a definitive sys- 
tem for calculating variations is possible, 
and he is working to  develop such a 
system. Others, such as the Princeton 
Energy Group, an architectural firm in 
New Jersey, are conducting experiments 
this summer to  determine optimal cool 
tube specifications. And still others are  
doing research into the cool tube’s po- 
tential as a pre-conditioning tube for 
warm air intake in winter. 

When the answers emerge, we’ll let 
you know. 

F u r t h e r  reading: 
Paul Hansel has written a five-page 

report containing plans and details of his 
cool tube system. He is selling copies for 
$8.50 each. His address is: Paul Hansel, 
Dalton, MN 56324. 
Ekose’a Homes, Ekose’a, 573 Mission 
St., San Francisco, CA 94105 $24.95 

The Thermal Chimney 
an 

A new device cools 
old house on 100-degree 

California afternoons 
by John Buptosl and Jeff  hiss 

n a summer afternoon, Sacramen- 0 t o  is a baked-out sack of toma- 
toes. Temperatures sometimes exceed 
110°F. On days like that, people in 
Sacramento and throughout California’s 
Central Valley s tar t  reaching for their 
air conditioners in unison. 

But when the sun goes down, the land 
cools off. Sea breezes from the San 
Francisco Bay begin to pour through the 
Carquinez Straights, and by early 
morning it’s not uncommon for our 
outdoor thermometer to have dipped 
below 50°F. These cool and breezy 
nights offer a near perfect opportunity 
for natural cooling. Ventilation, rather 
than air conditioning, could purge 
overheated air from our house. 

So early last summer we built a ther- 
mal chimney to achieve cooling with 100 
per cent natural ventilation. 

A thermal chimney uses the sun’s heat 
to  take away the sun’s heat. I t  is placed 
a t  the highest point of the house, where 
hot air collects, and it lets the air escape 
t o  the outdoors. T o  give the air a little 
“push,” the chimney has glazing over a 
dark surface-like all solar collectors- 
to  further heat the air on its way out. 
This  makes the air rise faster, and the 
faster you get hot air to  leave, the 

Right: T h e  finished chimney, glazed 
and flashed, awaits i ts  first coat of 
paint.  PHOTO BY JEFF REISS 
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Reiss Home: Induced 
Ventilation System 

32‘ 

west - Diagram A - east 

quicker you get cool air coming into the 
house to  replace it. [It serves the same 
function as a whole-house fan, but 
without moving parts-Ed.] 

The thermal chimney, B very old idea, 
is being rediscovered by architects and 
builders of new passive solar homes. But 
as far as we know, we’re the only ones to 
have retrofitted one onto an existing 
home. 

Ours is a modest one and one-half 
story 1300-square-foot Spanish style 
house built in 1932. The house is in a 
typical older tree-lined residential 
neighborhood in downtown Sacramento. 
An attached solar greenhouse and pas- 
sive solar water heater facing onto the 
backyard were installed on the south 
wall of the house in 1978. 

The  thermal chimney looms above the 
roof a t  the northwest end of the house. 
The  chimney glazing faces 30 degrees 
west of south and west. This location is 
fully exposed to the sun during the af- 
ternoon and until just before sunset in 
the summer. The chimney is exposed to 
light winds and occasional gusts because 
it is above all neighboring housing and 
vegetation. 

T h e  layout of our house has many 
features that  contribute to the practi- 
cality of a thermal chimney retrofit. A 
compact, stepped, three-level floor plan 
including a large crawl space under the 
house provides a good volume of air in- 
side a relatively small exterior shell. The 
crawl space (connected and open to  the 
lower basement level) provides a good 
thermal contact with the ground. The  
middle (living, dining) level of the house 
is on the east side and well insulated 
from the hot afternoon sun. The outside 
of the house has thick, white stucco walls 
that  help to  keep summer heat out. A 
large deciduous Catalpa trlee and a large 
pine tree provide shade. Other additions 

Right: T h e  wood skeleton of t he  Reiss 
thermal chimney.  Pieces of plywood 
form the sides; four vertical 2 X 4s serve 
as corner posts.  T h e  le f t  front side 
with barely a s tub of plywood faces 
west; t h e  right front  side faces south.  

t o  the house that  contribute to keeping 
the house cool during the summer in- 
clude the installation of ceiling insula- 
tion to  an R-25 value and shade screens 
on all solar exposed windows throughout 
the summer. 

Chimney Placement 
The chimney should be placed where 

the overall air flow does the most good. 
Our chimney was placed above the 
northwest corner of the upstairs north 
bedroom. As shown in Diagram A, this 
placement allows cool air from below the 
house to  be drawn up  the stairwell, and 
into and across the north bedroom as the 
heated air is vented out the chimney. In 
this way, the thermal chimney is de- 
signed to  work in conjunction with the 
architecture of the house. The entire 
house becomes part of the ventilation 
cooling system. 

Starting in the basement, the cool air 
intake from the 1,590-cubic-foot crawl 
space was placed in the center of the 
house below the staircase. This position 
insures that  the air most isolated from 
the warm outside air a t  the perimeter of 
the house, is used first. As this cool air is 
being drawn up into the house it spreads 
throughout each floor. During the day 
the cool air in the crawl space is the 
primary source on which we can draw to 
replace air in the upper stories of the 
house on summer afternoons. 

T o  a large extent, the resulting size 
and shape of the chimney was based 

simply on very practical considerations 
and constraints. In order to  keep down 
the cost of materials, standard dimen- 
sions were used. This gave us 2 x 2 x 
8-foot dimensions. (This also made ef- 
fective use of standard 4 X 8-foot ply- 
wood sheets.) We knew that  a taller 
chimney would have a stronger drawing 
effect but  we needed to  consider the 
overall height from different perspec- 
tives: structure, wind load, how it would 
be visually suited to  the house’s exterior 
and how easily it could be built. The  
resulting chimney, which extends about 
seven feet above the roof, seemed to  be 
the structural and visual limit. The  
square chimney fit well with the con- 
ventional visual expectations and al- 
lowed construction with standard ma- 
terials. 

Chimney Glazing 

n 

n 

Glazing on the south side of the 
chimney was limited to  the top four feet 
to prevent sunlight from shining directly 
below into the bedroom and thereby 
causing an unwanted heating effect. 
(The sun is virtually straight overhead 
in the summer.) We first discovered this 
while we were constructing the chimney 
and figured that  the easiest way to 

prevent sunlight from entering the 
house was t o  install a “baffle shade” in 
the center of the chimney. This “baffle 
shade” allowed south and low western 
sun to strike all the glazed surfaces (the 
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maintain maximum south glazing yet 
n 
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Right: This view looks u p  from the 
bedroom through the half-finished 
chimney. The dark horizontal bar 
across the opening is the silhouette of 
a ceiling joist. A baffle shade was later 
nailed to the joist to prevent noontime 
sun from shining directly into the bed- 
room. During cooler seasons the inside 
shutter is closed and sealed to prevent 
heat loss. 

2 ;  

western side of the chimney was com- 
pletely glazed) but  shaded the inner 
base of the chimney when the midday 
sun rose to  almost directly overhead. 
(See Diagram B) Finally, an 18-inch 
diameter wind turbine vent with a cus- 
tom-made cap was installed on the top 
of the chimney to  keep moisture (and 
birds) out of the house and to catch wind 
which enhances the induced ventilation 
effect. 

Building 
The Chimney 

Construction of the thermal chimney 
itself was fairly simple. We had to  find 
an appropriate location in the ceiling to  
cut a hole for the chimney. So, the ceil- 
ing joists and rodf rafters in the attic 

Below: Once completed, John and Jef f  
place the turbine vent atop the com- 
pleted chimney. The turbine spins in a 
breeze to help pull hot air out of the 
house, while keeping rain from getting 
in. 

were measured (with a tape measure and 
some tapping on the ceiling) and we 
found a location that would tie in to the 
vertical chimney (2 X 4) members and 
have minimal disruption to  the roof 
structure. After clearing away the ceiling 
insulation, the hole was cut through the 
ceiling and then through the roof. 

Blocking then was installed to tie into 
joists and rafters and frame the hole for 
the chimney. Care was taken so that  the 
ceiling and roof blocking were plumb. 

The plywood (2 X 8-foot for north and 
east sides, 4-fOOt for south side and 2- 
foot for west side) was cut’and secured 
into place against the blocking. Then 
four 8-foot vertical 2 X 4s were nailed 
into the corners of the hole and blocked 
a t  the top and bottom. This formed the 
basic structure of the chimney. The  2 X 
4-fOOt baffle shade was secured to  an  
east-west ceiling joist which ran through 
the center of the chimney opening. 

Reflective-backed foam insulation 
board was cut, painted flat black and fit 
snugly inside all the plywood. (Reflec- 
tive-backed was used to  retard disin- 
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tegration from exposure.) All other ex- 
posed areas on the inside of the chimney 
were painted flat black. Flashing was 
carefully installed around the chimney 
at the roof interface to  provide weath- 
erproofing. Lascolite glazing was cut, 
caulked with silicone and nailed on the 
south and west chimney faces. White 
paint (to match the house walls), vertical 
flashing and careful sealing around the 
roof flashing completed the outside 
construction. The  final step was setting 
the turbine vent on top of the thermal 
chimney. 

The  chimney opening was accessed 
from the house by a tight-fitting, ply- 
wood door which was framed and 
flush-fitted into the bedroom ceiling. In 
winter and cool days this would be 
closed to  keep in the house’s warm air. 
All cracks were filled either with caulk- 
ing (for inside the chimney) or plaster 
(for the ceiling around the chimney 
hatch). In the attic, the insulation was 
replaced around the chimney. 

To allow our chimney to  draw cool air 
from the crawl space, we built a 2 X 3- 
foot vent in the basement wall. We also 
built a plywood cover to  keep out cold 
winter air. 

How It Works 
At night, the thermal chimney and 

the basement vent are left open to  draw 
in cool air and release the heat accu- 
mulated from the day. In the morning, 
all the vents and other external windows 
or openings are closed to  hold the cool 
air inside. Around midday, when exter- 
nal heat passing into the house begins to  
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heat the upper floor, just the solar 
chimney vent is opened. All other ex- 
ternal doors and windows are kept 
closed to allow the chimney to induce 
ventilation of cool air up from under the 
house. 

One to  two hours after sunset, when 
the inside temperatures have reached 
equilibrium with the outside, all oper- 
able external windows are opened. Doors 
inside the house are also left open (if 
possible) to allow better circulation of 
the cool night air. The next morning the 
house is closed up to keep the cool air 
inside and this begins the process over 
again. 

Based on the limited monitoring of 
the system, operation of the induced 
ventilation cooling system keeps the 
temperatures within the house notice- 
ably cooler than outside temperatures, 
and holds the average indoor tempera- 
ture just a few degrees belo’w the average 
outdoor temperature. We estimate the 

solar chimney addition keeps the up- 
stairs about 5-10 degrees cooler on 
summer afternoons than before. 

The 18-inch wind turbine gives a net 
increase in the drawing power of the 
chimney when winds are available. Un- 
fortunately, the hottest temperatures 
and thus the need for cooling often occur 
when there is very little air movement. 
The  sea breezes usually pick up just 
after sunset. These breezes help the 
turbine vent exhaust hot air out of the 
upstairs rooms. 

Cool Savings 
It  is difficult to determine the exact 

dollar cost on this or any of our projects 
because we always have leftover mate- 
rials and lots of odds and ends in the 
wood pile that lower the actual cost. The 
total cost for someone (exclusive of 
labor) could be calculated to be about 
$180.00. 

The  California state tax credit a t  55 
per cent equals $99. That  leaves an ac- 
tual cost of $81.00 for the entire induced 
ventilation cooling system. The instal- 
lation took both of us a full weekend and 
another day or so to  finish i t  up. (Fin- 
ishing up always seems to take the lon- 
gest.) So labor, including the vents and 
finishing details amounted to  about six 
person days. 

Since we had no existing cooling sys- 
tem, there were no dollar savings real- 
ized. However, there was a considerable 
increase in our comfort level. And if you 
compare what we spent to what we could 
have spent buying and operating an air 
conditioner, the savings from our “nat- 
ural” cooling system are substantial. 

The peak electric load in the Califor- 
nia Central Valley occurs during the hot 
summer afternoons when the demand 
for cooling is the highest. This creates a 
tremendous draw on the electrical gen- 
eration capability, forcing people often 
to lower or turn off their air conditioners 
completely. Our thermal chimney com- 
petes against this expensive peak elec- 
trical energy and gives us “free 
cooling.” 

The system works as well as we ex- 
pected. We feel tha t  the increased 
comfort was certainly worth the effort. 
Obviously, an air conditioner could 
provide cooler temperatures but the 
costs-economic, environmental, and 
social-make this passive cooling option 
our preference. 

In Retrospect 
An improvement on the existing solar 

chimney would be to install a light metal 
grate material in the chimney behind 
the glazing. The grate, painted flat 
black, would increase the efficiency of 
solar heat transfer to  the air within the 
chimney. Another possibility would be 
to  install bricks pr another form of 
thermal mass inside the chimney to help 
the draw later in the evening after the 
sun has set and there is still a need for 
cooling. 

This winter we experienced some 
storms with over fifty-mile-an-hour 
winds. The thermal chimney is still 
standing, having weathered the storm 
well. However, we did have some minor 
leaking (apparently water being blown 
in through the chimney). This fall we’ll 
take the turbine vent off and cap the 

Left: You’ll f ind  most  thermal  
chimneys incorporated in to  the  design 
o f  new homes, rather t h a n  added onto 
old ones. This  is a new house i n  Iowa 
City,  Iowa, wi th  a towerlike thermal  
chimney a t  i ts  side. T h e  house was de-  
signed by Iowa archi tect  J a m e s  
Schoenfelder. Shown frolicking with his 
trusty dog is the  house’s owner, Gregory 
luerson. 

n 
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chimney until it’s time to put  the tur- 
bine vent on again for another season of [ B c r c k  operation To The Fan 

Bringing in Deciding On A 
Thermal Chimney 
Now, what about your house? If you 

have a cool air resource (intake) such as 
a crawl space or basement area, the ad- 
dition of a solar ventilation cooling 
chimney should be effective-especially 
if you have a multi-story floor plan. The  
appropriate size and number of solar 
chimney vents will be related to  the ex- 
tent of the cool air resource. Can the cool 
air resource be replenished by the 
available temperatures overnight? 

Chimney location relative to  the cool 
air intakes will affect the extent of cool 
air circulation within the house. Things 
to  consider include: Which parts of the 
house need cooling? Where can the 
chimney be placed t o  get good sun and 
wind exposure? Where will cool air in- 
take vents provide the most efficient use 
and distribution of the resource? What 
measures are needed to  provide good 
circulation of air within the rooms and 
corridors of the house? Finally, what 
combination of answers to  the above 
questions provides for the simplest and 
most effective system? 

The  actual design and construction 
details of the solar chimney itself can 
vary greatly. Other possible chimney 
designs include the use of a standard 
vent pipe painted flat black. T h e  same 
vent pipe surrounded by a Kalwall tube 
should be even more effective. Wind 
turbine caps seem to provide the best 
combination of weather protection and 
utilization of local winds to  increase 
draw. T h e  juncture of the  chimney and 
the roof must be waterproofed well. This 
should he carefully considered with a 
planned construction method before 
cutting any holes. 

Building codes normally d o  not ad- 
dress this type of ventilation cooling 
system and may present some problems 
if you get into a discussion with the  
building officials. Be sure you have a 
structural1y sound design and that  no 
undue hazards exist (such as fires from 
drafts) before approaching building of- 
ficials. It is your responsibility t~ do your 
homework as  most building officials 
think only in terms of conventional 
construction. 

The  chimney design described in this 
chapter is simple, low in cost and effec- 
tive for the conditions and environment 
in which it was placed. Variations on our 
chimney design and ventilation cooling 
retrofit strategy hold promise of pro- 
viding effective cooling in diverse 
structures and environments. There is 
more than one way to  beat the heat. 

those 
summer 
breezes 

by Tony Birch 
y mother picked me up in her M arms so I could reach the  

switch. At the top of the stairs a distant 
rumble came from behind a frame of 
louvers set  in the ceiling. In a few sec- 
onds a fan got up to speed, popping open 
those louvers. Cool air was suddenly 
coming from nowhere. Growing up in 
surburban New Haven in the early 
1950s, this was par t  of my bedtime 
ritual. 

Thirty years later, whole-house fans 
have gone the way of soda shops and 
bobby socks. Although magazine articles 
of the late 40s and early 50s extolled 
their virtues, by the middle of the pros- 
perity-crazed 50s the newly developed 
residential air conditioners had caught 
the fancy of the public. Now it seems we 
are never more than 10 feet from artifi- 
cially chilled air. The  American Venti- 
lation Association estimates that almost 
half of the nation’s 50 million residences 
have some form of electricity-eating, 
refrigerant-type air conditioning. 

But  the  energy crisis has brought re- 
newed interest in what used to  be called 
the attic fan, now re-christened with the 
more exact term “whole-house fan” be- 
cause it cools the house, not the attic. 
T h e  term “attic fan” is reserved for fans 
of smaller capacity (1000-1500 CFM) 
t h a t  ventilate the  attic only. 

That distinction can save you money. 
Some manufacturers of attic fans claim 
their products help cool the entire house 
and  reduce the running time of an air 
conditioner because the  fans prevent 
heat buildup in the attic. But  research 
to the contrary was presented at a 
workshop held in July 1978 at the Na- 
tional Bureau of Standards (NBS). 
First, attic heat buildup is not a major 
problem. A Florida Power Corporation 
study of attic temperatures in 30 Florida 
homes on 90°F.-plus summer afternoons 
showed that the hottest attic was 108”F., 
and the average was 96°F.; a far cry from 
the 130°F. to 150°F. teniperatu:es 
sometimes quoted by attic fan ven- 
dors. 

Second, if your attic is properly insu- 
lated, the heat that  does build up in the 

Above: A whole-house fan ,  in posit ion 
and ready to  cool. 

attic has a tough time migrating down- 
ward through the insulation. So forced 
venting of the attic space doesn’t d o  
much t o  cool you. Tests conducted by 
the Center for Building Technology 
(part of the NBS) showed that in houses 
with three or more inches of attic insu- 
lation, the slight reduction in air condi- 
tioner use due to  an attic fan was offset 
by the cost of the electricity to run the 
fan. So an attic fan is a risky cooling in- 
vestment. 

A whole-house fan, on the other hand, 
was lauded by the researchers as a 
cooling device with “substantial” en- 
ergy-saving potential. I t  costs about 
$400 to $600 installed (half of that if you 
d o  the  work yourself) and it runs on 
one-tenth the energy of an air condi- 
tioner. T h e  reason for its success is dis- 
armingly simple: At night the outdoor 
temperature usually falls 10-20”; the fan 
draws in the outside air, producing a n  
artificial breeze t o  cool occupants and 
house t o  within a few degrees of the 
outside air temperature. 

A Midsummer’s Eve 
During the  day a well-insulated, unoc- 
cupied house with the  windows and 
drapes closed gains heat a t  the rate of 
about one degree per hour, when outside 
temperatures are 85-90°F. The  inside 
temperature is a few degrees lower than 
outside. Then comes a crossover point, 
usually about 6 p.m., and the situation 
is reversed. The  ceiling, floor, walls, and 
furnishings of the house radiate the 
day’s heat. Even if all the  windows are 
opened, the thermal mass of the house 
causes it to cool about half as fast as the 
outside air. T o  make matters worse, 
cooking dinner adds more heat to  the 



Figure C)ne This graph shows indoor and outdoor temperature fluctuations registered 
during a typical 1942summer day in Atlanta, Georgia. A whole-house fan brings 
cool nighttime air into the house. 
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the house is occupied during the day, the 
heat gain rate will be slightly higher and 
it may be necessary to  operate an air 
conditioner during part of the afternoon, 
bu t  the whole-house fan can be used 
exclusively any time the temperature 
falls below the 82-85°F. range. 

Figure One shows the actual inside 
and outside temperatures for an Atlan- 
ta, Georgia house in an experiment 
performed by the American Society of 
Heating and Ventilation Engineers 
during a typical summer day in 1942. 
Notice that  the fan should have been 
shut  off a t  6 a.m. when the outside 
temperature began to rise, but was left 
running till 9:30 a.m. The  earlier shut- 
off time would have kept the house a few 
degrees cooler all day. Also, the fan was 
turned on again a t  3:30 p.m., just when 
the outside temperature was hitting its 
peak. Why that  was done, I don’t know, 
but it’s interesting to note that the 85°F. 
house temperature did not rise when the 
fan began to  draw in 89°F. outside air. 
At any rate, you can see that  the whole- 
house fan pulled house temperatures 
into the 70s by 9 p.m. 

There are very few areas of the United 
States that  do not have comfortable 
nighttime temperatures, which fre- 
quently is when the home owner needs 
cooling most. Climates such as those in 
Virginia, southern Ohio, Iowa, Colorado, 
and coastal California are ideal for 
whole-house fans. But even in Texas, 
Florida, and Louisiana, where the cool- 
ing season lasts five to  six months, YOU 
can save money. A home owner in 
Houston told me she saves two full 
months of air conditioning bills by using 
a whole-house fan exclusively a t  the 
beginning and end of the season. The  
more you substitute whole-house fann- 
ing for air conditioning, the more you’ll 
save. 

Sizing T h e  Fan 
Fans are rated by the number of cubic 

feet of air they deliver per minute 
(CFM). The  size you need is based on 

Actual 
(not free air) 

CFM of the fan 
6000 
8000 

10,000 
12,000 
14,000 
16,000 

Figure Two 
MINIMUM SIZES FOR 

DISCHARGE OPENINGS 
(in sq. ft.) 

Wood Louvers Metal Louvers 
with ’I2” with ’/2” 

wire mesh wire mesh 
19.2 15.2 
25.6 20.3 
32.0 25.4 
38.4 30.5 
44.8 35.6 
51.2 40.6 

Plain Openings 
with ’I2“ 

wire mesh 
9.6 

12.8 
16.0 
19.2 
22.4 
25.6 

the volume of your house and a n  air 
change rate. In areas where tempera- 
tures are moderate, use 40 air changes 
per hour. In the South, you’ll need 60 air 
changes per hour. 

Calculate the floor space of your 
house (exclude basement, closets, etc.), 
multiply by the ceiling height to  get the 
volume, then multiply by the number of 
air changes per hour and divide tha t  by 
60 to  get the CFM. 

HOUSE VOLUME X AIR CHANGES 
60 

Example 1: 

=CFM 

A house in Ohio: 
1200 sq. ft. floor area; 7‘ 6” ceiling 
1200 x 7.5 = 9000 cu. ft. 

Example 2: 
A house in Arkansas: 
1800 sq. ft. floor area; 8‘ 0” ceiling; 
1800 X 8 = 14,400 cu. ft. 

Most manufacturers list their fan ca- 
pacities in terms of their “free air de- 
livery.” This is not the  actual CFM the  
fan will deliver when it is installed. 
Knock off about 25 per cent of the free 
air figure to  obtain the correct value. In 
the Ohio house example above, the fan 
would have to  be rated a t  about 8000 
CFM free air delivery. Also, don’t sell 
yourself short on the physical size of the 
fan. A larger fan is more efficient and 
quieter because it can deliver more air a t  
a slower speed. I recommend 36” as  the  
minimum blade diameter size, 42“ pre- 
ferred for most applications. 

Sizing 
The Discharge 

In most cases, you have to increase the 
size of the attic ventilation openings in 
order to  insure proper operation of the 
fan. Multiple openings totaling the 
correct area are preferable and work 
effectively regardless of the prevailing 
wind direction. If a single opening is 
used, it should be placed on the leeward 
side. Openings may take the form of 
wood or metal louvers installed in the 
gable ends of the attic, or holes backed 
with %-inch wire mesh in the soffit. If 
you make these modifications yourself, 
calculate the required square feet of free 
area by dividing the actual CFM by 750. 
Wood louvers are about 50 per cent free 
area, metal louvers about 63 per cent 
free area, depending on how they are 
constructed, and %-inch wire mesh is 80 
per cent free area. (See Figure Two for 
minimum sizes.) T h e  wire mesh bird 
screen should always be placed on the 



back of louvers, but  insect screening 
should be avoided since it. requires that  
opening sizes be again doubled and may 
easily become clogged. 

Installatiton 
The fan should be placed in a central 

location-in a hall or stairwell ceiling. 
Alternatively, the fan can be mounted 
vertically on an attic wall. This ar- 
rangement, however, allows outside air 
to be drawn in through cracks in the roof 
and attic side walls, so it is apt .to require 
a fan of increased capacity. 

Installation of the fan is not difficult, 
and you can do it yourse1:f by following 
common sense and the manufacturer’s 
instructions. But  if you lack tools and 
experience you are probably better off 
having a qualified professional do the 
job. 

Insulation should be placed over the 
fan opening in winter. (See how in “The 
Tighter House,” this issue.) Some 
manufacturers provide an insulative 
winter seal which attaches directly to  
the exterior of the shutters. 

Operation 
The fan should be turncbd on between 

late afternoon and sunset and turned off 
early in the morning before the air 
temperature begins to  increase. An in- 
side/outside thermometer is useful for 
determining the best times. A timer 
switch is a good idea. A low cutoff ther- 
mostat could also be used in case i t  gets 
too chilly in the early morning. It would 
be a dangerous idea, however, to  have 
the fan come on automatically by a 
thermostat. In the event of a fire, the 
thermostat would be triggered and your 
fan would start fanning the flames. The  
fan should never be operated without a 
door or window open, unlesjs you want to 
draw soot out of the chimney and blow 
out your pilot lights. 

The  motor should have a thermal 
overload protector. A fusible link tha t  
shuts off the motor and/or closes the 
louvers in the event of fire should also be 
provided with the unit. 

If your house has a basement, the 
basement windows and basement door 
should be left open. This way the fan 
draws in air where i t  is the coolest-at 
ground level-and the air comes into 
contact with the cool basement walls 
before it enters the house. If your sum- 
mer heat isn’t accompanied by high 
humidity, you might even try hosing the 
lawn outside your basement windows a t  
night for an additional cooling boost 
through evaporative cooling of the air as 
it passes over the lawn. When the fan is 
running, doors to  unused rooms should 
be shut to increase air velocity in the 
room you’re using. 

Those slow-turning bladed objects that  hit their public peak in Casablanca, 
and sent hundreds of home owners scurrying to  give their living rooms the 
sleepy romance of tropical hangouts are still popular. Now, however, their 
merits are promoted by both romantics and energy-conservers alike. 

In winter, the old-time fan recycled rising warm air back down into the 
room. In summer, unfortunately, i t  did the same thing. The  room just  fe l t  
more comfortable because the air movement caused evaporative cooling 
against the skin. 

Some modern-day manufacturers have improved upon the Casablanca-era 
fan by designing models with adapters to  alter the angle of the blades: 
downward to  return rising heat in winter, upward to  pull up cool air in 
summer. 

Ceiling fans can’t replace the cooling efficiency of a whole-house fan but  
a large, well-designed one can considerably increase comfort in an otherwise 
hot, stale room. And you never know what it can do for your piano 
playing. 

Like most energy-saving devices, the 
whole-house fan involves a change of 
habits. The  first thing most people do  
when they feel a “scorcher” coming on 
early in the morning is open everything 
they can get their hands on. You could 
get away with this if you were simply to  
flip on an  air conditioner come after- 
noon, but not if you have a whole-house 
fan. The  morning coolness should be 
“conserved” in the house as long as 
possible and sunlight should be kept out. 
Insulation, by the way, holds in your cool 
summer morning air the same way it  
holds in your warm winter air. Whole- 
house fans should work even better in 
today’s well-insulated homes than they 
did thirty years ago. 

A whole-house fan also asks you to  
become reacquainted with greater 
temperature fluctuations. Some people 
may not be bothered by a range between 
70-80’F.; just as they wouldn’t be 
bothered by swings from 65-75’F. that  
are wintertime norms in passive solar 
houses. But others can’t seem to live 
without the year-round 72’F. provided 
by air conditioning and fuel-intensive 
heating. 

“You can have a much lower cooling 
bill with a whole-house fan, but  i t  takes 
more participation on your part,” says 
Dr. Gautam Dutt ,  a researcher for the 
Center for Energy and Environmental 
Studies a t  Princeton University. A 
whole-house fan asks you to be sensitive 
to  when and how heat builds u p  inside 
your house, whereas air conditioning can 
be turned on anytime-and is most 
likely left on, often even when it’s cooler 
outside than inside. Dr. Dutt  cools his 
Princeton, New Jersey, home with a 
whole-house fan. “Except for two or 
three days a year, we are quite com- 
fortable,” he says. “What do  I do about 
those two or three days? Well, I find 
somewhere else to  be.” 

Let i t  not be implied that  a whole- 
house fan is great only because i t  uses 
less electricity than an  air conditioner. 
T o  me, there’s something sterile, stuffy 
and metallic about being in an  air-con- 
ditioned room too long. By contrast, I 
remember with fondness my childhood 
nights back in New Haven. The  cool 
breeze throughout t he  house felt 
healthful and good. It brought into the 
house the natural fragrances of nearby 
trees and other smells of a summer 
night. 

So if you’re looking for a more down- 
to-earth way to  get cool, consider going 
back to  the fan. 

Manufac t urerrs 
Whole-house fans are available a t  

many of the big chain stores, including 
Sears, J. C. Penney, Ward’s, and K- 
Mart. Some other suppliers of fans and 
equipment are: 

Aspen Aire 
Triangle Engineering Co. 
P.O. Drawer 38271 
Houston, T X  77088 

Cool Attic Corp. 
P.O. Box 11558 
Fort  Worth, T X  76110 

Fasco Industries, Inc. 
P.O. Box 150 
Fayetteville, NC 28302 

Hunter Division 
Robbins and Myers 
2500 Frisco Avenue 
Memphis, T N  38114 

Lau Industries 
Div. of Philips Industries 
2027 Home Avenue 
Dayton, OH 45401 
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The Fundamentals 
of Site-Built Col lector Design 

Here 's  a comprehens ive  survey  of t h e  cho ices  
involved in designing and  building a hot  a i r  so la r  sys- 
t e m .  The  au tho r s  base  the i r  r ecommenda t ions  on the i r  
f i rst-hand exper ience .  
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lthough the design of a hot air solar system is concep- 
tually quite simple. there are, in fact, many factors :hat A must be considered if  the final system is to be buildable. 

durable. reliable. efficient, attractive, and cost-effective. For the 
past two and a half years the authors and other staff at Total En- 
vironmental Action, Inc. ( E A )  have been involved in the design 
and development of a site-built system. The following discussion 
presents many of the alternatives that were considered in design- 
ing this system. 

Flow Over Framing 
Vs Flow Between Framing 
Site-built collectors can eithlsr be mounted on top of the framing 
members or between the framing members. Mounting the collec- 
tors between the framing provides a low profile installation, and 
may be aesthetically advantageous when the collector area i s  
small in comparison with the roof area. Several nianufacturers 
offer factory-built components, or modules, approximately 22411- 
ches wide, designed to be site-built between the framing. Collec- 
tors mounted between the framing are always vertical flow units 

Joe Kohler and Peter Temple are research engineers at Total En- 
vironmental Action, Inc. in tlarrisville, N H. 

AIR FLOW BETWEEN 
FWlti6 MEMBER5 

Flow Over Framing Vs Flow Between Framing 
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in conventional construction. I t  is important to ensure that there 
is sufficient blocking, bracing, or structural integrity of the collec- 
tor to provide racking resistance usually provided by the 
sheathing, and also to protect the glazing from damage due to 
twisting rafters. 

Mounting collectors over the framing provides more flexibility 
in design. The collector can be either horizontal or a vertical flow 
design. and is not constrained to a 22-inch wide module. Since the 
sheathing is left in place, no special provisions for bracing are 
necessary. Retrofit is somewhat simplified because i t  i s  not neces- 
sary to remove the sheathing. Mounting collectors over framing 
is probably essential if the roof is finished on the inside (cathedral 
ceiling) in order to have sufficient space in the rafters for insula- 
tion. 

Horizontal Vs Vertical Flow 
As previously mentioned, collectors with flow between the fram- 
ing are always vertical flow collectors. The primary advantage of 
vertical flow collectors is that they are adaptable to convective 
venting in the summer to protect them from stagnation. The ma- 
jor disadvantage is that i t  is necessary to connect every vertical 
collector bay to manifolds running horizontally along the top and 
bottom of the collector. This increases the potential for leaks and 
adds to labor costs. If the collector is located on a roof or wall adja- 
cent to the living space, the manifolds protrude into the living 
space and must be boxed in or otherwise incorporated into the 
design of the interior space. 

Horizontal flow collectors must be mounted over the framing. 
They have the advantage that the manifolds can be located ver- 
tically between the framing at each end of the collector. The 
manifold can be formed by inserting a metal pan into the space 
between the framing, thus creating an integral manifold. The con- 
nection between the collector and manifold is achieved by over- 
lapping the absorber plate over the manifold. A disadvantage of 
horizontal flow collectors is that they are difficult to vent by 
natural convection. 

Flow Over Absorber 
Vs Flow Behind Absorber 
Most air collectors are designed such that the flow is behind the 
absorber plate, in channels formed by the absorber plate and the 
collector back plate or sheathing. It is possible to design collectors 
such that the flow is between the absorber plate and the glazing. 
This allows for the elimination of the conventional absorber plate. 
with absorption of solar radiation occurring directly on the collec- 
tor back plate. In essence,  i t  would be possible to  add glazing 
directly over sheathing painted black. considerably reducing both 
materials and labor costs. However, this requires that the glazing 
assembly be air-tight and that it withstand the air pressure forces. 
It would be prudent to test carefully such designs for leakage and 
durability on a small scale before planning large scale installa- 
tions. In TEA'S experience, it is very difficult to obtain such an 
air-tight seal over a long period of time. 

Matrix Collector Vs Flat Plate Collector 
In a matrix collector, solar radiation is absorbed on several layers 
of wire mesh, perforated metal lath. or other material with a high 
surface area that is in intimate contact with the air stream. "Beer 
can" collettors. and designs incorporating fins or perforated 
plates to maximize surface area could loosely be considered a type 
of matrix collector. The collector i s  designed so that the air passes 
through the matrix absorber material. The advantage of the 
design i s  that the heat exchange is very good because of the high 
surface area of the matrix in contact with the air. This advantage 
is somewhat offset by the fact that  air flow rates in matrix collec- 
tors must generally be lower than  in flat plate collectors to pre- 
vent excessive pressure drop. Lower flow rates lead to higher 
average collector temperatures and greater losses to ambient. par- 

Iuslrations bv Barbara Putnam 

Horizontal Vs Vertical Flow 

HONzONTPL M,ANIFo 
INSIDE BUILDIN6 

Flow Over Absorber Vs Flow Behind Absorber 

Matrix Collector Vs Flat Plate Collector 
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ticularly in long collector ruris. 

Matrix collectors are probably more difficult and expensive to 
build than other flat plate collectors. Several layers of mesh must 
be carefully installed in a framework that prevents the air from 
by-passing the matrix. Most matrix collectors would be flow 
through framing, flow over absorber designs and share the prob- 
lems previously ascribed to those design approaches. including 
structural considerations. manifolding, and providing air-tight 
glazing. 

Flat plate collectors can be designed in a wide variety of ways. 
Actually, most site-built flat plate collectors are not flat, but use a 
corrugated metal roofing or industrial siding. The ribs are desira- 
ble because they add structural strength to the plate and provide 
room for expansion. A true llat plate will buckle when subject to 
the pressure and temperature: in a solar collector. In some designs, 
the ribs also form channels for the air flow. 

Staanation Protect,ion Vs Venting 
During the summer, when there is no heating load, the energy ab- 
sorbed by the collector must be dissipated. I f  the blower is stop- 
ped, and the collector is allowed to “stagnate,” its temperature 
will increase until the convective and radiative losses equal the 
solar gain. For a typical single-glazed roof collector, stagnation 
temperatures may exceed 350°F. Temperatures of this magnitude 
can have deleterious effect:; on collector materials. There are 
basically three approaches to the stagnation problem: ( I )  cover 
the collector, (2) build the collector with materials that withstand 
stagnation,or (3) vent the collector during the summer. Covering 
the collector is an effective approach for a lean-to collector on the 
ground. but is probably impclssible for most roof-mounted collec- 
tors. Building a collector to withstand stagnation temperatures re- 
quires careful selection of materials. Wood and plastic should not 
be used, and caulking materials and rubber seals must have high 
temperature ratings. Even with these precautions, problems could 
occur due to the large thermal cycling that the collector undergoes 
(expansioncontraction due to temperature extremes). I t  is also 
apparent that no matter what caulks and sealants are used, their 
lifetime will be shorter than if the collector were not subject to 
stagnation. 

Venting the collector in the summer is the surest and most 
general approach to assure long-term durability of the collector. 
Air from outdoors is drawn through the collector to cool it and 
then the hot air is exhausted (after passing through a coil to pro- 
vide domestic hot water. ifdesired). Flow may be by natural con- 
vection or it may be fan-powered. The principal advantage of 
natural convection is that it requires no power consumption or 
sophisticated controls. To cool a collector, it is necessary that an 
intake be provided in the ductwork near the bottom of the collec- 

agnation Protection Vs Vsenting 
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tor and an exhaust be provided in the ductwork at the top of the 
collector. Two potential problems exist. First, the ductwork must 
be engineered to have a low resistance to flow or the convective 
flow rate will be insufficient to cool the collector. Second, the ex- 
haust vent must be located somewhere near the top of the collec- 
tor (which presents access problems) and must seal very tightly to 
prevent unwanted leakage during winter. Natural convection 
cooling is impractical on horizontal flow collectors. 

Fan-forced ventilation is easier to design, but requires electrical 
power and additional control logic and dampers. A sensor, located 
on the collector plate, turns on the blower when the temperature 
exceeds a set limit (typically 160°F). Electrical consumption 
would run $50 per year, and the controls and logic would cost 
several hundred dollars for a typical system. It is easier to accept 
the idea of running a fan in the summer if the system is designed 
to provide hot water as well as stagnation protection. 

Wall collectors do not experience nearly as high stagnation 
temperature as roof collectors due to reduced incident and 
transmitted radiation on the vertical surface in summer. As long 
as high temperature caulks and sealants are used and plastic glaz- 
ing avoided, wall collectors should not need to be vented. 

Single Glazing Vs Double Glazing 
TEA’S experience indicates that double glazing increases the efli- 
ciency of a typical site-built air collector by approximately 20 per- 
cent in most areas of the country. It also increases the cost by a 
similar amount. Thus, a single-glazed design 20 percent larger 
than a double-glazed design will provide the same amount of 
energy at the same cost. Since more roof is typically available than 
is necessary for collector area, and since it is much easier to install 
single glazing than double, it makes sense to use a single-glazed 
system on roofs. On the other hand, since wall area is usually 
limited, and doubleglazing can easily be handled on theground, it 
makes sense to use double glazing on the wall. 

Since this decision depends on costs and performance of dou- 
ble- and single-glazed collectors, it is difficult to generalize for all 
collector designs. It is also important to note that single-glazed 
collectors are more cost effective than double-glazed collectors in 
many southern cities. 

Glass Vs Plastic Glazing 
A wide variety of plastic glazings is available. The advantage of 
plastic glazings is that they are usually less expensive than glass, 
and they may be easier to install. However, most plastic glazings 
do not have as good a resistance to thermal or ultraviolet degrada- 
tion as glass. In addition, most have a relatively high coefficient of 
expansion which must be accommodated in the design. 

Glass is an ideal material for solar collectors. It is not affected 
by ultraviolet or thermal degradation and has a low coefficient of 
expansion. However, it does require that the collector be carefully 
designed to allow for expansion. (The April 1979 issue of Solar 
Agp provides a detdcd discussion of plastic and glass glazing 
systems.) 

Silicone Vs Urethane Caulks 
Silicone caulks possess ideal physical properties for solar applica- 
tions: long life, excellent ultraviolet and thermal resistance, and 
excellent adhesion and elongation. They are ideal for caulking 
glazing assemblies. However, they tend to set or “skin-over” 
rapidly. This presents a problem in site-built applications where 
layered construction is used because the bead of caulk sets up on 
the first layer (e.g., the sheathing), before the second layer (e.g.? 
the absorber) can be tightly screwed down. This, of course, results 
in leakage. 

Urethane caulks have physical properties that are nearly as 
good as those of silicone caulks. Because they do not “skin-over” 
as rapidly. they are recommended for use in layered joints. 

Other caulks, such as acrylics, latexes. butyls, and oil-based 
caulks will have limited service life in site-built collector applica- 
tions, and it is strongly recommended that they not be used. 

n 
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Wall Collector 

Wall Collector Vs Roof Collector ~~ 

The decision of whether to use a wall-mounted collector or a roof- 
mounted collector depends primarily on the architectural charac- 
teristics of the building. 

A wall collector requires an uninterrupted section of wall at 
least 12-feet long. Wall collectors are generally simple to construct 
because work is done from the ground. A wall collector system is 
also generally less expensive because there is no need to vent the 
wall system. If the wall collector is small. storage can be omitted, 
further reducing costs. Wall collectors are also ideal for retrofit 
applications. The major disadvantage of wall systems is that it is 
frequently difficult to incorporate more than a couple of hundred 
square feet of collector on the south side of a building without 
compromising the arc hi tecture or eliminating desirable passive 
features. In order to achieve high solar fractions using wall 
systems, buildings generally have to be designed around the col- 
lector. 

Roof collectors offer more flexibility to the designer. Most 
roofs have sufficient area to accommodate a reasonably sized site- 
built collector (generally 300 to 600 square feet on a typical tight. 
well-insulated house). Although the optimum slope for space 
heating is approximately “latitude +IS”,” roofslope can be as low 
as 35 to 40 degrees without sacrificing much performance. Roof 
collectors are more difficult to build than wall collectors simply 

because of their location. The system is more expensive because 
there is the need to provide summer venting. However, roof col- 
lectors are more suitable for the production of domestic hot water 
than wall collectors because their sun angle is more favorable in 
summer. 

Storage Vs No Storage 
Storage is usually required with collector areas greater than 100 to 
500 square feet to collect excess energy during the day and return 
it to the house at night. Typically, from 0.75 to 1.0 cubic feet of 
rock storage should be provided per square fJot of collector area. 
More than 1 .O cubic feet of storage does not significantly improve 
the system efficiency. Washed stones or crushed rock %-inch to 
lV2-inch in diameter should be used. The type of stone does not 
affect performance as long as the density is similar to granite and 
proper void fraction is obtained. 

If a small wall collector is installed. as might be the case in a 
retrofit, such that the total south-facing aperture (including win- 
dows) does not exceed roughly 150 square feet, storage is not 
necessary. Heat provided by the collector will be stored directly 
by the normal mass in the building and used to supply the 
daytime heating load. 

Thermosbhon Vs Fan-Forced Systems 
Thermosiphon collectors do not require the fans and controls re- 
quired in an active air, or fan-forced system. However, without 
fans it is somewhat difficult to design a system with storage 
because the storage must be located above the collector. In addi- 
tion, the efficiency of thermosiphon collectors is usually lower 
than that of active collectors because the heat transfer and heat 
removed is poorer at lower velocities and lower flow rates. If 
storage is required. fans and controls are required in most in- 
stances. I f  storage is not required, the cost of a small fan and a 
simple thermostat is more than justified by the resulting increase 
in collector efficiency. 

Air Handler Vs Components 
There is a choice as to whether to use a commercially available air 
handler or to build one on site using components. The decision is 
somewhat akin to buying a packaged home entertainment center 
or assembling one from components. 

A packaged air handler is generally simpler to install. All 
blowers and fans are installed in a sheet metal cabinet, and in 
some products prewired controls are also included. 

Building a system with components requires familiarity with 
available equipment and the knowledge and ability to put it all 
together correctly. In this way, a more efficient and flexible layout 
can be accommodated, and possibly, better components can be 
selected. However. experience is required and the resulting 
system is not likely to be less expensive if labor costs are included. 
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Our Down-to-Earth Series 
on Solar Hot Water 

The  f i r s t  of a s e r i e s  of a r t i c l e s  publistied in 
Rodale 's  New She l t e r  on  so la r  ho t  w a t e r  sys t ems ,  t h i s  
a r t i c l e  explains  t h e  major  t y p e s  of sys t ems ,  and t h e  
advan tages  and  d rawbacks  of each .  
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Part 1 

Introduction 
Our down- to - ea r t h series 

onsolar hot water 
ree hot water,” the ads said. 

“ F “We put ’em up, and old Sol 
does the rest!” The year was 1897, and in 
Pasadena, California, “Climax” solar 
water heaters were the answer to a local 
shortage of low-priced fuels. Climax 
heaters were offered in a range of prices 
and sizes from the basic $25 32-gallon 
model, up to a $380 700-gallon version 
designed to heat swimming pools. “Re- 
duce your fuel bills by forty per cent- 
the  sun’s rays utilized!” read the bro- 
chures. “You simply open a cock, and 
instantly comes the hot water!” 

By the turn of the century, almost one 
out of every three homes in southern 
California was equipped with a solar 
water heater, and similar solar booms 
were taking place in Arizona and Flori- 
da. By 1918, the “Day and Night” 
Company alone claimed more than 4,000 
installations of their bargain-priced $100 
40-gallon units. (Today, that  $100 Day 
and Night unit would cost just $650- 
still a bargain.) “Sunshine, like salva- 
tion, is free!” proclaimed the ads. “No 
expense for fuel, and it can’t explode or 
start  a fire!” Solar water heating was a 
common and reliable answer to high fuel 
bills. 

Almost a century has passed since the 
granting of the first solar water heating 
patent. A hundred years of progress, 
technological advancement, and re- 
finement of solar know-how has led to 
this; taken from a Department of Com- 
merce report: “The growth of the solar 
industry . . . has been accompanied by 
. . . poorly designed systems, installation 
mistakes, and fraudulent business ac- 
tivities. Warrantees presently offered by 
the solar industry give consumers little 
protection against these problems.” 

by Frederic S. Langa 

What happened? How could a proven 
technology devolve into unworkable 
designs, installation errors, and down- 
right fraud? If solar water heating was 
reliable and economical before the years 
of wartime metal shortages and the era 
of cheap fossil fuel, it should once again 
be reliable and inexpensive now that  
those price constraints are history. But 
it’s not. T o  quote again from another 
federal report, “Solar energy systems are 
generally viewed as uneconomical and 
risky investments with little practical 
use.” 

T o  find what’s keeping many modern 
solar heating systems expensive and 
impractical, we have to  look a t  an issue 
tha t  runs deeper than the economics of 
an old war. It’s something tha t  almost 
every industry has to contend with a t  
one time or another, and when it strikes, 
it has been known to send otherwise ra- 
tional designers and engineers rushing 
down the blindest of alleys. It’s our na- 

Climax Solar-Water‘ Heater 
- O n W u I w I - -  

THE SUNS HEAT(EZ%Z%E%%I? 

Above Advertisement for Climax solar 
water heater, 1892. The price of this, 
the smallest unit, had j u s t  dropped 
from $25 to $15. Courtesy of A Golden 
Thread, Cheshire Booksffan Nostrand Reinhold Co 

tional mania for complex gadgetry. 
Back in the fifties, for example, cars 

began sprouting wings and fins and 
mock-rocket tubes, power windows, 
power seats, and power ashtrays. These 
chromium geegaws and power gizmos 
seemed compelling a t  the time, but now 
they look rather silly. 

Something similar appears to be 
happening in the solar industry. Instead 
of refining proven, reliable, low-cost 
designs, more and more manufacturers 
are competing in terms of high-tech 
plumbing, computer-assisted tracking 
devices, and “black box” control panels 
encrusted with flashing lights and digital 
readouts. When you’ve finished in- 
stalling some of these systems, your 
cellar looks like the control room of 
Three Mile Island. 

I t  wouldn’t be so bad if this com- 
plexity produced results, but so far 
that’s not the way it has worked. An 
experimental study in New England 
looked a t  100 professionally installed 
solar water heating systems that had an 
average price of just over $2,000. For this 
substantial investment, home owners 
were led to  expect about a 50 per cent 
reduction in their water heating bills. 
Instead, the first-year average savings of 
all the  tested systems were just 21 per 
cent-less than half the design value- 
and 15 of the systems delivered less than 
a five per cent savings! (The payback on 
a $2,000+ system delivering a five per 
cent savings is about 170 years. All you 
have to  do is keep your solar heater 
working for seven generations to  break 
even.) Admittedly, these were the 15 
worst systems, but  even the 15 best 
systems averaged only 39% savings, still 
less than the design value. 

Reprinted from the July/August 1980 issue with permission of RODALE’S NEW SHELTER Magazine. 
Copyright@ 1980 Rodale Press, Inc. All rights reserved. 
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If you want to  buy a commercial sys- 

tem, use the references listed a t  the end 
of this article to  find some reputable 
ones. If you want a system that’s even 
more reliable and a lot less expensive, 
you can build your own. According to a 
report published by the Delpartment of 
Energy, owner-built systems fail 13 per 
cent less often than prolfessionally- 
constructed systems. The report doesn’t 
say why, but  it’s a safe bet tha t  the 
owner-built systems are (1) simpler, 
hence more reliable; and (2) owner- 
builders are often motivated to work 
more carefully than a solar contractor’s 
crew. (This isn’t a blanket condemna- 
tion of solar installers. Good ones exist, 
but they can be hard to  find.) If you 
carefully build your own system using 
designs known to work, and using ma- 
terials known to be reliable and cost- 
effective, you can eliminate almost all 
the risk of solar water heating. You’ll be 
dealing only in degrees of success. 

And that’s where “Sun On Tap” 
comes in. N e w  Shelter’s research staff 
has built, installed, and monitored all of 
the most popular types of solar water 
heaters, choosing designs that can be 
used anywhere in the country (including 
freezing climates), and designs that can 
be built easily by home owners. Rather 
than test isolated components, we 
looked a t  entire working systems. And 
instead of testing these systems in lab- 
oratories, our units have been installed 
on homes where they experience real 
weather conditions and i,he varying 
patterns of water usage by real families. 
In as many ways as possible, our solar 
water heaters are meant to represent 
systems as they would be installed in a 
home like yours. 

In fact, about the only way our solar 
heaters might differ from one you would 
construct yourself is in thie extensive 
monitoring we’ve incorporated. We’re 
keeping track of more than 30 variables 
which can affect the performance of the 
systems, so we can see not only how each 
heater works by itself, but  how it com- 
pares to the others. 

That’s really what “Sun On Tap” is all 
about: detailed comparisons of how 
these systems work so you can see how 
much they cost, how they’re assembled 
and installed, and how they rate in terms 
of relative efficiency and reliability. 
We’ll be talking about these do-it- 
yourself systems in the next eight issues. 
By the end of the series, you’ll be able to 
select the one system that  best fits your 
budget, your skills, and your hot water 
needs. And you’ll be able tlo build tha t  
system with confidence that  it will 
work. 

Here’s what we’ll be covering: 

Conservation 

There’s a rule of thum’b that  says 
nothing will save you more money in less 

time than conservation. Everyone who 
wants to solarize a home should write 
tha t  rule a hundred times, or repeat i t  
until it’s unforgettable, because putting 
a solar water heater on inefficient 
plumbing is like gold-plating a rusty tin 
can. 

Fortunately, it’s easy to tune up your 
existing water heating system, and you’ll 
see how to turn about $80 and one 
weekend into a permanent 25 per cent 
savings on your annual water heating 
bills. Flow restrictors and pressure re- 
ducers, pipe and tank insulation, 
point-of-use (tankless) water heaters, 
automatic timers, tempering tanks, and 
voluntary reductions in water temper- 
ature and volume are just a few of the 
options we’ll discuss. (For a head start, 
see “Easy Ways To Save Water,” in this 
issue.) 

Solar Basics 

Next, we’ll look a t  the underlying 
concepts that  make our solar water 
heaters work. We’ll talk about the dif- 
ferences between active and passive 
systems, open and closed loops, and all 
the other specialized terminology tha t  
is used to describe just what makes 
things “tick.” We’ll cover everything 
from where to mount your collectors to  
how to deal with local building codes. 

Batch Heaters 

Once we’ve pinned down the basics, 
we’ll move on to actual systems, starting 
with the simplest: batch heaters. 

Batch heaters are really nothing more 
than insulated, weather tight boxes that  
contain one or more black-painted water 
tanks. The south wall of the enclosure is 
clear glass or plastic, so the sun can shine 
directly on the tank, warming the 
“batch” of water within. This sun- 
warmed water is then fed either directly 
to the home’s taps, or to the existing 
water heater. 

It’s hard to imagine a simpler design. 
Batch heaters need no pumps, blowers, 
differential thermostats, or other ex- 
ternally-powered devices. Instead, batch 
heaters are powered solely by the sun 
and by the existing water pressure in the 
home’s plumbing. As sun-warmed water 
is drawn off the top of the tank (having 
risen there by natural convection), cold 
water automatically enters the tank 
through the bottom. This extreme sim- 
plicity makes batch heaters very reliable 
and inexpensive. 

We’ll discuss three designs. One costs 
just $180 and is meant to fi t  inside an 
unused south-facing window. You can 
build it in two weekends and it will trim 
about 15 per cent off your water heating 
bills. The second model is designed for 
use in a greenhouse or sunspace and is 
larger than the window-mounted yer- 
sion. I t  still costs just $180, but the extra 
size means it can provide as much as 35 

\\\\\Batch Heater \\\\\\ Section Cross 

cusp-shaped reflectors IL ‘ insulated enclosure 
Above: A cusp is a point  where two 
curves intersect. A cusp-shaped 
reflector accurately focuses sunlight 
on to  t h e  batch heater’s tanks  
regardless of  the direction f r o m  which 
t h e  sunlight is coming. This  t y p e  o f  
reflector operates almost as 
efficiently as a sun-tracking device 
but  at a fract ion o f  the  cost. 

per cent of your hot water. Finally, our 
top-of-the-line model is a superinsulated 
freestanding unit that  can be mounted 
almost anywhere in your yard (see I1- 
lustration A). I t  uses a sophisticated 
“cusp” reflector to focus all the incoming 
sunlight on the water tanks, giving the 
advantages of a sun-tracking collector 
without the added cost and complexity. 
(For all its sophistication, our cusp re- 
flector is made with a string and a pen- 
cil.) For about $400 and three or four 
weekends, you can build what may be 
the most advanced, efficient, and fool- 
proof batch heater currently available to 
do-it-yourselfers. 

n 

n 

Thermosiphons 

There’s another kind of solar water 
heater tha t  uses‘ no pumps, controls, or 
other external power sources: It’s the 
thermosiphon,  which relies on warm 
water’s natural tendency to  rise (see 11- 
lustration B). Unlike batch heaters, in 
which a tank simultaneously collects 
and stores solar heat, thermosiphons 
have a collector which absorbs solar 
warmth, and a separate, heavily insu- 
lated water tank mounted above the 
collector tha t  stores the sun-warmed 
water. You’ll see plans for a $600 unit 
you can build in about four weekends 
tha t  should perform as well as $1,200 
commercial models. 

n 



Right: Our top-of-the-line batch 
heater  is a freestanding, highly- 
insulated box containing two black- 
painted water tanks.  It’s mounted in 
a s u n n y  spot in t h e  yard,  facing 
south,  wi th  insulated pipes  carrying 
water t o  and  f rom the uni t .  A “cusp” 
reflector (see i n s e t )  focuses incoming 
sunlight onto t h e  tanks,  heating the  
“batch” of water wi thin T h e  sun-  
warmed water is t h e n  fed to  the  
home’s existing water heater. T h e  
pictured un i t ,  wi th  32 square f e e t  o f  
collection area, costs about $400, and 
should t r i m  about 35 per cent o f f  our 
tes t  home$  water heating bills. Illustration A 
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Illustration B 
Thermosiphon 

Above: Our  batch heater  features  
large, insulated doors to  he lp  hold in 
t h e  heat at  night or during cloudy 
weather. Opening and closing the doors 
takes less t h a n  a minute ,  and helps the 
heater t o  operate a t  peak efficiency. 

Left: I n  a thermosiphon, water 
heated i n  t h e  collector rises by 
natural convection to  a heavily 
insulated storage t a n k ,  mounted 
above t h e  collector. As warm water 
leaves t h e  collector, cold water is 
automatically drawn from t h e  storage 
tank  into the  base of t he  collector, 
where i t  heats,  rises, and continues 
t h e  convective cycle. Because 
thermosiphons have no moving parts ,  
t h e y  are highly reliable. T h e  pictured 
27-square-foot unit can be built f r o m  
scratch fo r  about $600, or purchased 
as a commercial k i t  for about $1200. 
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Illustration C 
Drain Down 

drain down 
valve 

Above: A drain 

\ 

1 

down sys tem p u m p s  
Dressurized taD water f r o m  a n  

ot water to taps 

cold water supply 

solar energy t o  collect, 
and opening electric down sys tem p u m p s  

pressurized t a p  water f r o m  
insulated storage tank  through 
collectors for heating. An electronic 

valves to  drain the  sys tem in 
e event of freezing weather or 

mechanical failure.  T h e  illustrated 

-7‘ 
k 

control panel  monitors the  system, 
turning on the  p u m p  when there’s 

32-square-foot sys tem can  be built for 
about $950. 

Below: A drain back sys tem uses two 
separate f luids: One is ordinary t a p  
water, t h e  other i s  purifi,ed or 
distilled water (chosen because i ts  
very low mineral content reduces the  
chances of clogging t h e  t h i n  p ipes  i n  

. 

our collector). T h e  cold distilled 
water (green)  is p u m p e d  to  t h e  
collectors fo r  heating (yellow),  and 
t h e n  f lows back to  a holding tank  by  
gravity. T h e  holding tank  empt ies  
f n t o  a spiral heat exchanger wrapped 
around t h e  Dressurized storage tank ,  
and  as t h e  warm distilled water flows 
through t h e  heat exchanger, i t  gives 

Illustration D 
Drain Back F-L 1 u p  i t s  heat t o  the  t a p  water inside the  1 

A- t ank .  T h e  two fluids never mix ,  which zk 
,, - 1 

to taps 

P 

9 

Above: Thermosiphons are well suited 
t o  homes in which a tank  can  conve- 
n ien t ly  be mounted higher t h a n  t h e  
collectors. Some models use built- in 
tanks;  others, like t h e  one shown here, 
moun t  t he  collectors low on  a roof and 
place t h e  tank  i n  t h e  attic. 

Active Drain Down 

Moving into the  “active” systems- 
systems tha t  rely on electrical power to  
operate-we’ll examine a drain down 
system, which pumps pressurized tap  
water through collectors for heating. 
Valves open automatically a t  a preset 
low temperature to  drain the system in 
the  event of freezing weather (see Illus- 
tration C). Because the  system has 
electric controls, sensors, valves, and a 
pump, it costs more to  build and operate 
than  batch heaters or thermosiphons. 
Even so, a drain down system can be the 
best choice in freezing climates where 
the  collectors and storage tankmust  be 
widely separated. We’ll show you a de- 
sign you can build in three to  four 
weekends for about $950. 

Active Drain Back 

n 

Next, we’ll look a t  a drain back sys- 
tem, whose primary difference from a 
drain down system is that  the water 
flowing through the collectors never 
reaches your taps. Unpressurized water 
is pumped from a small holding tank 
through the collectors-where it is 
warmed-and then through a heat ex- 
changer where the solar warmth is 
transferred to a large storage tank filled 
with pressurized tap  water (see Illus- 
tration D). A drain back system doesn’t 
need electric valves, because gravity 
automatically drains the collection loop 
back into the holding tank whenever the 
pump stops. Our drain back system uses 
a variety of easy-to-work-with plastic 
components, and should take about four 
weekends t o  assemble. a t  a cost Der 
square foot comparable t o  the drain 
down unit. 



Above: Drain back systems use collec- 
tors which can be mounted out of sight 
on a roof. Externally, they look almost 
identical to drain down systems, but 
there a re  significant internal differ- 
ences in  cost, complexity, and  building 
ease. 

Above: Drain down systems show little 
to the passerby. Often, the rooftop col- 
lectors are all that are visible, which can 
be a n  important consideration in areas 
regulated by strict building codes. 

Phase Change 

Finally, you’ll see some state-of-the- 
a r t  phase change systems; the most 
technologically advanced solar water 
heaters in our tests. 

A “phase change” is an alteration in 
physical form, such as from liquid to  gas 
or solid to liquid. A material undergoing 
a phase change absorbs and releases far 
more heat than a substance that merely 
heats up  or cools down without physi- 
cally changing. The  systems we’ll be 
testing use a phase change material 
called Freon, which as a liquid has a 
boiling point in the 70’ to 90’ F. range 
(see Illustration E). Liquid Freon boils 
in the solar collectors, absorbing large 
amounts of heat as it changes phase 
from a liquid to a gas. The hot Freon gas 
then enters a heat exchanger, where it is 
condensed back to a liquid. releasing the 
solar heat into the home’s water supply. 
Phase change systems should be more 
efficient collectors of solar energy than 
standard systems, but  they’re also five 
to  ten per cent more expensive, and re- 
quire a higher level of assembly skill. 
Whether they’re worth this extra ex- 
pense and bother is one of the more im- 
portant questions we’ll answer. 

Comparisons 

Once we’ve looked a t  the five afore- 
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mentioned system types, we’ll compile 
our year-long test results in one article 
for easy side-by-side comparison. Here 
you’ll see exactly what each system cost; 
how much conventional fuel was saved; 
what the payback time was; how easy or 
difficult each was to construct; how each 
rated in terms of efficiency and reli- 
ability; what the strengths and weak- 
nesses of each design were (best for large 
families or small? warm or cold cli- 
mates? etc.); and finally, as the bottom 
line, what was the “Btus per dollar” 
rating of each system. Like “miles per 
gallon,” Btus per dollar lets you compare 
different systems in similar terms, and 
is invaluable in helping select the system 
that’s best for you. 

Grand Finale 

We won’t leave you guessing. Along 
with each system, we’ll include lists of 
parts and suppliers, information on 
basic assembly, and sources for addi- 
tional inform‘ation. With ordinary 
handyman skills, you should be able to  
read our coverage, then head for the 
workshop. But  we’re going one s tep 
further for those of you who may be 
unfamiliar with construction tech- 
niques, or who are hesitant to  launch a 
major project on the  basis of one maga- 
zine article. When all the test results are 
in, we’ll select the one system we feel has 
the most going for it, and present highly 

Below: I n  this phase change system, liquid Freon (green) is 
pumped to the collectors, where it boils into a hot gas (yellow). 
The hot gas passes through a heat exchanger which contains a 
coil of the home’s t a p  water piping. The hot gas condenses, 
turning back into a liquid a n d  giving u p  its heat to the home’s 

water supply. Phase change systems 
should be highly efficient, but they 
require unusual materials a n d  a higher 
level of construction skill than other 
systems. The illustrated system, with 
about 80 square feet of collector, costs 
about $2500 in kit form. 

s, @ = shutoff valve 

IllUStKltiOn E 

Phase 
Change 



227 

Above: Our phase change sy s t em uses 
yard-mounted collectors, wi th  buried 
insulated pipes  carrying Freon to  and 
f r o m  the  home’s basement.  Keeping 
long runs o f  outdoor piping warm is 
dif f icult ,  and can severely limit t he  
performance o f  a n y  system.  

Left: T h e  heart of a phase change 
system is t he  two-tank heat exchanger. 
The t o p  tank receiues hot ,  gaseous 
Freon, and condenses it t o  liquid. A coil 
of ordinary copper p ipe  inside the  top  
tank carries t a p  water, which is warmed 
by t h e  condensing Freon. Liquified 
Freon collects in the  lower t a n k ,  until 
it’s p u m p e d  out t o  t h e  collectors t o  be 
reheated. 

detailed step-by-step plans for that  
system. You’ll see the right way to  do 
everything from buying the components 
to  trouble-shooting the finished prod- 
uct. Clear photos and diagrams will help 
make things simple to  follow. 

Whether you build the system in our 
Grand Finale, or one of the other four 
we’ll cover-or even if you only follow 
the no-cost/low-cost conservation sug- 
gestions in our next issue-you’ll be on 
your way to  a more economical, more 
independent future. 

I t  was done eighty years ago in Cali- 
fornia pnd Florida. It’s about time we 
did i t  better. 

n w 

For more information on selecting an 
efficient, economical solar water heater 
from commercial sources, here are some 
suggested books: 
Solar Age  Catalog (Solar Vision, 
1977) 
How T o  Buy Solar Heating Wi thou t  
Get t ing Burn t  (Rodale Press, 1978) 
Solar Energy Util ization (Van Nos- 
trand Reinhold, 1980) 
T h e  S u n  Catalog (Solar Usage Now, 
1979) 
Low Cost Sources O f  Energy For T h e  
Home (Garden Way, 1975) 
or call the National Solar Heating And 
Cooling Information Center a t  1-800- 
523-2929 (in Pennsylvania, call 1-800- 
462-4983; Alaska and Hawaii call 1- 
800-523-4700). n 

n. 
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~ New Heat Collectors 
Harness More Energy from the Sun 

Many of t h e  p rocesses  t h a t  consurne  ene rgy  in th i s  
coun t ry  don't  r equ i r e  high t e m p e r a t u r e  heat .  Gra in  
drying is one such process, and farmers who use the sun 
to do t h e  job a r e  reaping  dividends in both  costs and  
quality.  
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Curved solar collector 80’ tall on 
the side of a Harvestore warms 
air 1 2 O  to 1 5 O  for Carl Behme, 
Macoupin County, 111. He directs 
it to a dryer (above) to cut fuel 
costs, or diverts it into under- 
ground ducts that go to two 
20,000-bu. bins where he dries 
late corn with solar heat only. 

A heat collector on a 
glass-coated steel silo cuts 
corn-drying costs to the bone 
for Carl Behme (photos). 

“We burned 500 gal. of 
fuel to help dry the first 
15,000 bu. iast fall,” says 
Behme. “Solar did the rest.” 

He figures his solar collec- 
tor almost paid for itself the 
first year. 

Aluminum strips and 
brackets attach a wood-fur- 
ring-strip frame to the silo to 
hold the fiberglass out about 
6 ”  from the wall. 

A plenum chamber at the 
base of the silo encloses the 
same volume of air as the col- 
lector surface and delivers air 
either to the dryer or directly 
to underground ducts leading 
to two 20,000-bu. bins. 

Small fans on the bins pull 
warm air from the plenum. 

Behme designed his grain 
handling and drying system 
himself, with help from Mar- 
vin Hall, area Extension ad- 
viser at Macomb, I l l .  He in- 
stalled i t ,  including the grain 
leg and underground ducts, 
with help from four mer, who 
work regularly in his corn- 
hog-beef farm operation. 

He starts combining corn 
at 22O10 to 26% moisture and 
runs the earliest corn through 
a multi-stage dryer. 

Last fall, after moisture 

Reprinted from FARM JOURNAL,  August 1980, with permission of Farm Journal, Inc., copyright 01980 .  All 
rinh+c r D c n r ~ r n A  



dropped to 21 ‘7’0 in the field, 
Behme put corn directly into 
the bin and dried i t  to 16% 
using only solar-heated air. 

A big solar collector built 
by dairy farmer Hubert Stoll 
(photo, right) delivers warm 
air through an overhead duct 
and a fan house that also cap- 
ture the sun’s  rays. 

“The top of the duct has 
the same pitch as the machine 
shed roof,” explains Stoll. 
“This made the joint easy to 
seal and makes the duct 6’ 
high on the north, 4 ‘  high on 
the south. It’s 6 %  ’ wide.” 

Twin 15-hp. fans, housed 
beside a 16,000-bu. bin in 
clear fiberglass, pull air from 
the duct and off the 120‘ 
machine shed roof and wall. 

Stoll plans to start harvest 
at 28% moisture and expects 
to dry the fir5t binful in 
about seven days, then sell i t  
and refill the bin. 

“Solar heat dries faster 
early in the fall,” he ob- 
serves. “Air is warmer then, 
and so is the sunlight.” 

In Macoupin County, Ill., 
Don Colburn (below) built a 
solar collector roof over his 
farm scales and grain dump. 
Black-painted plywood under 
clear plastic traps the heat 
from the sun’s rays. 

Like Behme and Stoll, Col- 
burn got help on fan and duct 
size from Marvin Hall. 

Hall recommended a 10- 
hp. fan and a 4‘x4‘ air duct. 
The duct, 20‘ long, has clear 

plastic sides and roof, and a 
painted plywood floor to trap 
more heat. 

Low-cost dryers built by 
Robert Metz and Chuck Har- 
ley (lower right) are made 
from lumber, metal and sal- 
vage materials. 

Metz mounted his 12’x24’ 
collector on an old wagon 
frame. He put steel railroad 
car wheels underneath and 
can switch to rubber-tired 
wheels from a pickup truck 
to tow i t  over the road. 

Most farmers drying corn 
with solar heat say they’re 
impressed with the high 
quality of the grain. 

“Corn I took out of the 
drying bin at 16% moisture 
last fall was beautiful,” says 
Metz. “None of it stuck to 
the bin walls, and there was 
no dust. And I cut  fuel bills 
in half.” 

Double-duty solar collector. Don Colburn, Macoupin 
County, Ill., will warm air to dry grain with a sloping, 
clear plastic roof over his scalehouse (below). In the 
spring, Mrs. Colburn plans to use it as a greenhouse. 

Photo C F Marley 

An overhead duct delivers warm air from a solar 
collector on the machine shed to a grain bin on 
the other side of a driveway for Hubert Stoll, 
Logan County, 111. Clear fiberglass covers a 1 6 ‘ x  
120‘ wall on the machine shed and the 34’xIZO’ 
south half of the roof to boost air temperature 
by IOo. A rock bed under the machine shed 
floor will store solar heat for the farm shop. 

Solar collectors that cost $600 dry corn for 
Robert Metz (above), Logan County, Ill., and for 
Chuck Harley, Jackson County, Ohio (below). 
“ I  got the plans for $ I  from the University of II- 
linois, ” says Metz. Harley financed his with a 
farm facility loan from the USDA’s ASCS. Both 
collectors are portable. Harley’s moves on 
skids, while Metz’s rolls on old rail-car wheels. 



w SOWR DRYING IDEASE MRMERS 
hen the sun stays bright, J o h n  and  W Hank Brandt  heat air 30” to dry 

corn from 25% moisture down to  
15.5% in eight days inside a n  18,000 
bu.  bin they hooked u p  to  a big solar 
collector on a machine shed (above). 

A portable  36’x12’  solar  panel 
captures the sun’s rays for Gene  
McMillan ( top  photo ,  opposi te  page), 
after a tornado left only the floor and  
running gears of his mobile home. H e  
dries corn to between 20% and  22% 
moisture wit’h a gas dryer, then fin- 
ishes the j o b  with solar-heated air .  

And  Steve Funk (center, fa r  right), 
added a sloping solar  jacket t o  a “re- 
tired” storag,e building where he’s 
putting in a Fuel alcohol still. “ I t  
dries corn in the fall and  will help 
heat the  still af ter  tha t ,”  he says. 

In Michigan, Lavern Bivens (pho-  
tos, lower right), designed a “solar- 
assist” system to  warm air going into 
electric dryers on his 20,000-bu. bins. 4 

’ 

A duct 108‘ long (top photo)’de- 
livers warm air to a drying’ bin from 
a big solar collector that covers half 
the roof and all the south wall on a 
60‘x135‘ machine shed. John and 
Hank Brandt, Logan County, Ill., 
used no dryer fuel in 1978, filled the 
tank only twice in 1979. White build- 
ing near bin houses a 25-hp. fan. 
Photos C F Marley 

Low-cost solar collector on a 42’x 
60‘ machine shed pre-heats air 
ahead of a gas bin dryer for Wayne 
McBride, McHenry County, 111. 
(above). He nailed Celotex to the 
rafters under a corrugated metal 
roof, built a duct and draws the sun- 
warmed air through with a 10-hp. 
fan. Total cost: $1,208. 



Heat collectors on wheels, 
on roofs and on walls 
speed up drying, cut costs 

Solar collector on a mobile home chassis warms 
air 10' to 1 5 O  to finish Urying 50,000 bu. of corn in 
the fall for Gene McMillan, Sangamon County, 111. 
(top photo). He dries corn at two bin sites, then 
uses the collector to warm his farm shop in winter. 
Photo C F Marley 

A corrugated metal wall angled 60° (above) raises 
air temperatures 1 6 O  inside. Steve Funk, McLean 
Countv. Ill.. nailed DlVWOOd on a vertical frame in- 

' 

. side and added a du&. so the dryer fan on an ad- 
joining bin can pull air from the A-shaped space. 
Pnolo C F Mariey 

A machine shed roof (left) warms air going into two 
bins (inset) for Lavern Bivens. Barry County. Mich. 
A ZO'x120' roof area of 3/8" black plywood COV- 
ered with Lascolite, a corrugated fiberglass, warms 
air 1 2 O .  Solar panels on the duct also collect heat. 
Pnolos horm Reeder 



What's In Store for Phase Change? 
PCM's (phase  c h a n g e  m a t e r i a l s )  s t o r e  l a r g e  

a m o u n t s  of t h e r m a l  ene rgy  in t h e  p rocess  of changing 
f r o m  solid to liquid or  liquid to gas. Expe r imen t s  in 
phase  change  m a t e r i a l s  o f f e r  hope f o r  p rac t i ca l ,  com-  
p a c t  h e a t  s t o r a g e  in solar  sys tems.  

I 
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Dow Chemical Company’s thermal energy 
storage compound, calclum chloride hex. 
ahydrate, crystallizes from the liquid phase. 
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Whatb in Store 
for Phase Change? 
Thermal Storage Materials for 
Active and Passive Solar Applications 

By David Eissenberg 
and Charles Wyman 

hermal energy storage plays an im- 
portant role in both active and pas- T sive solar heating systems, absorbing 

surplus thermal energy during sunny 
periods and releasing it when there is insuf- 
ficient solar gain to meet the load re- 
quirements. In active solar heating systems, 
lower-cost energy can be provided with 
storage than without it. Storage is vital in 
passive systems to prevent the building 
from overheating during the daytime or 
cooling off excessively at night. 

Most active solar heating systems store 
thermal energy as sensible heat by raising 
the temperature of water or rocks. In 
passive applications, sensible heat is fre- 
quently stored in concrete structural 
materials or drums of water. Water, rocks, 
and concrete are usually chosen for storage 
because they are inexpensive and reliable. 
However, the large space required for these 
storage media may not be readily available 
in many applications, particularly for 
retrofits. In addition, if the temperature 
swings allowable for energy storage and 

David Eissenberg, a chemical engineer, 
was formerly manager jor the Thermal 
EnergV Storage Program at Oak Ridge Na- 
tional Laboratory (ORNL). Oak Ridge, 
Tenn.. m d  is currently group leader of a 
coal conversion group at ORNL. Charles 
Wyman is group manager<for the Thermo- 
chemical Sciences Section, Solar Thermal 
Research Branch. Solar Energy Research 
Institute. Golden. Colo. 

recovery are limited, as in passive building 
heating, the quantities of storage materials 
and the space needed to store them become 
very great. 

For some time, storage materials which 
undergo a change in phase, called phase 
change materials (PCM’s), have been 
viewed as an attractive alternative to sensi- 
ble heat storage media. These materials ab- 
sorb a large quantity of heat during the 
phase change and then release it at a con- 
stant temperature as the process is re- 
versed. The phase transitions generally 
occur over a narrow temperature range 
which, in principle, can be matched to end- 
use requirements. Any reversible change of 
phase can be used for thermal energy 
storage, but because of volume considera- 
tions liquid/gas transitions are not general- 
ly considered practical, while solid/solid 
transitions tend to have smaller heats of 
transition. Solid /liquid transitions (melt- 
ing/freezing) have been the focus of all 
practical investigations and will be the only 
phase change storage mode discussed here. 

Storage material selection 
Considerable effort has been spent in iden- 
tifying and testing candidate solid/liquid 
K M ’ s  for both passive and active solar ap- 
plications beginning with the early work of 
Maria Telkes, now director of solar thermal 
storage development at the American 
Technological University, Killeen, Texas. 
Candidate materials should have these 
characteristics: 

appropriate melting points 
little or no subcooling 
high heat of transition 
chemical stability (no loss of storage 
capacity over time) 

This article first appeared in t h e  May 1980 issue of SOLAR AGE. Copyright @ 1980 SolarVision, Inc., 
Harrisville, New Hampshire 03450 USA. All  rights reserved. Reprinted and published by permission. 
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low cost 
non-flammable and non-toxic pro- 
perties. 

Other desirable characteristics include a 
small volume change on transition, a high 
thermal conductivity, a low vapor pressure, 
and a rapid rate of crystallization. 

Two general classes of storage materials 
are considered most attractive for both 
passive and active solar use: organic com- 
pounds and salt hydrates. &[any organic 
compounds are potential PCM’s, based on 
their melting points and heats of transition. 
However, the list of compounds is rapidly 
reduced when those that are either unstable 
or too costly are excluded. Paraffins 
(saturated hydrocarbons), some crystalline 
polymers (plastics), and some naturally oc- 
cumng organic acids are the most practical 
compounds for thermal storage systems, 
because they are relatively inexpensive. The 
organic PCM’s do not have to be pure 
chemicals if the mixture ptoperties are 
within the desired range and do not change 
over time. Mixtures of organic compounds 
tend to have broader meliing ranges, 
however, spreading the heat of transition 
over a large temperature range. 

In general, organic PCM’s have three 
limitations-low thermal conductivity, 
flammability, and high volume changes 
during melting. Appropriate engineering of 
the complete storage system can resolve 
these difficulties, although it may increase 
system cost compared to salt-hydrate based 
systems. 

The phase change behavior of salt 
hydrate PCM’s is more complex than that 
of organic compounds because hydra- 
tioddehydration occurs, rath’er than sim- 
ple melting/freezing. Salt hydrates exhibit 
three general types of phase-change 
behavior: congruent, incongruent, and 
semi-congruent melting. The desirable 
behavior is congruent meltinj:, which oc- 
curs when the solid phase composition 
(ratio of salt to bound water) is the same as 
the liquid phase composition. In that case, 
the hydratioddehydration prccess appears 
identical to the melting/freezing process. 

Semi-congruent melting occurs when a 
material has two or more hydrate forms 
with differing solid compositions and 
melting points. The material can be 
transformed into other hydrate form(s) 
before either complete melting or freezing 
occurs, resulting in a broadened melting 
point range similar to that pbtained with 
organic mixtures. In addition, there is a 
temporary ioss in thermal storage capacity. 

Incongruently melting materials yield 

Ken Eigsti’s house, 9,OOO feet above sea level in 
the Colorado Rockies, uses Thennalrod-27 
phase change storage tubes in an attached 
greenhouse. 

two distinct phases upon melting: a saw- 
rated solution and a precipitate of insoluble 
anhydrous salt. If the precipitate settles to 
the bottom of the container, the anhydrous 
salt will not hydrate completely upon cool- 
ing and some thermal storage capacity will 
be lost with each freezing/melting cycle. 

Unfortunately, the congruently melting 
hydrated salts that have suitable melting 
points are either too expensive or have 
other undesirable characteristics for solar 
storage applications. On the other hand, 
semi-congruent salt hydrates such as 
calcium chloride hexahydrate and in- 
congruent salt hydrates such as Glauber’s 
salt (sodium sulphate decahydrate) are in- 
expensive (Table I). Because of their low 
cost, these materials have been the most 
thoroughly studied in spite of their complex 
melting behavior, and many approaches to 
resolving semi-congruent and incongruent 
melting problems have been developed. 

Salt hydrates cool below their normal 
freezing point without solidifying and the 
heat of fusion will not be available from 
storage. Methods have been devised, 
however, for reducing or preventing this 
subcooling in the commonly used hydrated 
salts. Heat must also be removed through 
the frozen PCM, which impedes transfer, 
and various approaches are available to im- 
prove the heat transfer. 

Active solar storage system 
components 
PCM’s must be incorporated into suitably 
designed containers and heat exchangers 
for active solar thermal energy storage. 

Table I: Salt Hydrate Phase Change Materials 

Name 
Phase Change Latent 
Temperature Heat Type 

Sodium Sulphate Decahydrate 
(Glauber’s salt) 

Calcium Chloride Hexahydrate 
Sodium Thiosulfate 

890F 
81 OF 

116OF 

120 Btu/lb incongruent 
75 Btu/lb Semicmgruent 
90 Btu/lb Semicongruent 

Usually the cost of these components far 
exceeds the cost of the storage materials 
themselves; so the key to successful PCM 
application lies with the economical design 
of the entire storage system. The functional 
requirements for active storage systems in- 
clude containment, heat transfer, and me- 
chanical devices to reduce loss of storage 
capacity. 

Containment 
The phase-change materials must be 
housed in suitable containers so that the 
melt remains in place. Materials may be 
contained directly in tanks, or in many 
small containers that are enclosed in a large 
insulated tank. The primary container 
must not react with the storage material, 
and expansion during phase change must 
be allowed. The size, shape, and material 
selection for the PCM container is dictated 
by heat transfer efficiency, corrosion 
resistance, and cost. Metals and plastics 
have both been used. 

Heat transfer 
Heat transported from the solar collector by 
either liquid or air is transferred to the 
PCM by either indirect (heat exchanger) or 
direct (immiscible fluid) heat transfer 
mechanisms. Sufficient surface area keeps 
the temperature difference between the 
wLrking fluid and the PCM to a minimum, 
to take advantage of the constant storage 
temperature. The rate of heat transfer is 
determined by the design of the solar 
system, but should generally be large 
enough to fully charge the storage medium 
during one day. 

To maintain the overall heat transfer rate 
to and from organic-based PCMs at the 
desired level, the PCM must be contained 
in relatively thin layers between heat 
transfer surfaces. The heat transfer prob- 
lem is less severe for the water-based salt 
hydrates because their thermal conductivity 
is greater. To minimize cost, the same fluid 
and heat transfer mechanism is often used 
for both heat removal and addition, al- 
though the rate of heat removal will usually 
be less than that of heat addition. 

Design of salt hydrate systems 
The design of active solar storage systems 
using salt hydrates includes techniques for 
preventing performance loss from melting 
and subcooling problems. To minimize 
subcooling, two approaches to nucleation 
have been tried-the addition of small 
quantities of a chemical nucleating agent to 
the PCM and the use of a cold finger. 

Nucleating agents are substances upon 
which the PCM crystal will deposit with lit- 
tle or no subcooling. Crystals with shapes 
and spacings similar to the PCM, but with 
a higher melting point, are used to nucleate 
the hydration reaction. Borax, for example, 
is an excellent nucleator for sodium sulfate 
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decahydrate. Other chemical nucleators 
may also work, but it is difficult to predict 
their capabilities since all of the 
mechanisms for nucleation are not well 
defined. For example, claims have been 
made that the impurities present in 
technical grade sodium thiosulfate pen- 
tahydrate may act as a nucleator for that 
hydrate. 

When the PCM is stored in bulk form, a 
simpler nucleation method is the use of a 
cold finger. A surface within the storage 
container is maintained at a cooler tem- 
perature than the maximum subcooling 
temperature needed to promote nucleation, 
so that some PCM crystals are always pre- 
sent to initiate the solidification of the re- 
maining PCM. 

With semi-congruent salt hydrates, the 
concentration of the solution must be con- 
trolled to prevent crystallization of the 
lower hydrates that have a higher melting 
point. In the event that such hydrates form, 
the solar system must be capable of pro- 
ducing sufficiently high temperatures to 
melt them. 

Incongruent melting (precipitation in the 
melt phase), as observed with sodium 
sulfate decahydrate. is a more serious prob- 
lem because it can result in a continual loss 
of latent heat storage capacity. Three 
methods have been tried for preventing this 
loss of storage capacity: forced circulation 
mixing of the precipitate, addition of 
thickeners, and the use of thin containers. 
All three methods have been investigated, 
and success has been achieved at least in 
bench-scale and prototypes. 

Forced circulation of the precipitate has 
been accomplished by stirring with an im- 
miscible fluid and by rotating a horizontal 
cylindrical drum, containing the PCM, on 
its axis. (Figure I) With the immiscible 
fluid stirring method, the working fluid 
(generally a natural or synthetic oil) is bub- 
bled through the PCM, stirring it and pro- 
viding direct heat transfer. (Figure 2) 

Thickeners help prevent settling of the 
precipitated anhydrous salt in the melt, so 
that during subsequent freezing the salt 
more cornoletelv recrystallizes as the 

tives have been used as thickeners for this 
application. 

The third approach to prevent storage 
loss from incongruent melting is to package 
the PCM in very thin horizontal trays. If 
the settling distance is sufficiently short, 
then the redissolving/recrystallization pro- 
cesses can proceed to near-completion. 

Status of PCM systems for 
active solar 

At present, PCM storage technology has 
been developed to the point where systems 
can be built for residential active solar 
heating applications; their reliability will be 
demonstrated over time. Such systems may 
not be cost-effective, however, compared to 
water or rock sensible heat storage, so at 
present PCM storage applications may be 
limited to situations where space is at a 
premium. This situation will change as 
more attention is paid to the engineering of 
those systems that can be mass-produced at 
low cost or constructed with low-cost . -  

hydrate. Both clays and silica gel deriva- materials. 

Figure 1. Forced circulation mixing of the precipitate is accomplished by rotating the storage cylinder on its axis. 
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Passive solar storage systems 
A significant challenge for passive solar 
heating is the storage and control of the 
heat to maintain suitable comfort stan- 
dards within the building. One approach to 
reconciling storage with the building com- 
iort requirements is to use such a large 
mass of building material that its tempera- 
ture does not vary widely. .4 second ap- 
proach is to locate the storage so that it is 
directly heated by the sun (e.g., a Trombe 
wall) rather than indirectly heated by 
sunlight that has already been absorbed 
within the building space. In either case, 
however, more storage mass is required for 
a passive solar heating system than for an 
active one. 

Smaller building temperatua: excursions 
are possible with phase change than with 
sensible heat storage, provided the melting 
point is suitably matched to the applica- 
tion. Containers of PCM’s can be located in 
the heated space for indirect heat storage. 
Directly heated PCM’s are expected to pro- 
vide greater comfort since i:he interior 
temperature does not have to cycle above 
and then below the melting temperature for 
heat to be stored and released. When 
directly exposed to solar radiation, the 
storage container must not degrade signifi- 
cantly. 

Maria Telkes is developing a Trombe 
wall system that incorporates a phase 
change material, to which thickeners and 
nucleating agents are added. The wall is 
located approximately one-half inch behind 
a cellular foam, exterior plastic window- 
wall that transmits at least 60 percent of the 
incident solar radiation while lowering ther- 
mal losses to that of one inch of conven- 
tional insulation. 

At the Solar Components Division of the 
Kalwall Corporation, Manchester, N.H., a 
phase change thermal storage system has 
been developed for installation behind 
south-facing solar windows and roofs. With 
a special coating on the packaging and a 
translucent phase change material, this 
system is unique in its ability to transmit 
and control natural daylight levels within 
the buildings. The modular and compact 
units can be used in almost any new or ex- 
isting building. Real time and accelerated 
testing indicate a system life in excess of 20 
years. Patents have been applied for. 

Incorporation of PCM’s into structural 
materials has the advantage of forming an 
integral part of the building. The thermal 
performance of concrete impregnated with 
paraffin wax was analyzed by R. Godfrey 
and S. Mumma at Ohio State {Jniversity in 
1976, and the composites were predicted to 
absorb as much as 75 percent more heat 
than in a wall constructed of either compo- 
nent alone. Because of its melting, the 
paraftin wax improved the thermal storage 
capacity of the wall, compared to one of 
pure concrete. The higher heat ‘conductivity 
of the concrete ensures that more heat 
penetrates the material than if the wall con- 
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Figure 2. With the immiscible fluid method, the working fluid is bubbled through the PCM, stirring it 
and providing a direct contact heat transfer. 

tained only wax. Impregnating the concrete 
with 30 to 40 percent paraftin was pre- 
dicted to provide the highest heat absorp- 
tion. 

More recently, researchers under the 
direction of Professor Mumma at Arizona 
State University have made concrete with 
paraffin wax dispersed in it. Paraffin wax is 
formed into an aggregate-fike material 
mixed and with cement, sand, aggregate, 
and water. The specific heat of small one- 
and two-inch cubes has shown large ap- 
parent increases due to the wax. Concrete 
with about 40 percent paraffin wax by 
volume has been made, but above this level 
the wax tends to run out. Although the ex- 
periments have been performed only on a 
small scale, the researchers believe the pro- 
cess can be commercialized. Experiments 
are still required to test the material’s struc- 
tural properties, transient thermal 
behavior, and flammability. If the material 
proves acceptable, it could be used in rock 
beds as well. 

When salt hydrates are used in building 
materials, higher fractions of the phase 
change material should be desirable than 
for paraftin wax, since the heat conduc- 
tance of the hydrates is much closer to that 
of concrete. Suntek Research Associates, 
Corte Madera, Calif., has developed Ther- 
mocreterM blocks, made of porous concrete 

impregnated with a salt hydrate and sealed 
with epoxy or some other surface coating. 
The Thermocrete test samples contained 
about 50 percent calcium chloride hex- 
ahydrate by weight, and provided latent 
heat storage at 80°F. Initially, the blocks 
looked promising, but after aging the con- 
crete would swell and rupture. This 
breakdown was apparently caused by the 
reaction of the salt hydrate with the lime in 
the concrete. Use of a lime-free cement has 
been proposed to overcome the degradation 
problem, and some new blocks have lasted 
for over one year. However, no tests have 
been performed with these blocks to deter- 
mine whether they can withstand the con- 
tinued thermal cycling expected in actual 
use. 

Phase change materials were first incor- 
porated into a ceiling in the Solar Building 
5 at the Massachusetts Institute of Tech- 
nology (MIT). Solar insolation is reflected 
to the dark-colored ceiling by louvers 
placed in southern windows. Within the 
ceiling tiles there are thin pouches of the 
phase change material-sodium sulfate 
decahydrate with a Borax nucleating agent, 
sodium chloride melting point depressant, 
and Cab-0-SiP fumed silica thickener. 
This mixture provides about 35 percent of 
the ideal heat storage capacity of sodium 
sulfate decahvdrate, but the performance 
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Commercial Suppliers of Phase Change Materials 
/ \  

Manufacturer 

Heat Storage 
Capacity (at 

Product Phase Change Total Phase Change phase change 
Name Materlal Container Weight Temperature temprature) Warranty 

Addlaon Products co. Solar Therm paralfin sieel round 7 25 Ibs 1 15OF 
Addison MI 49220 1 gallon 

80 Blu 1 year 

(51 7) 54781 31 

Architectural Research Corp. Sol-Ar-TileTM Glauber's salt polymer 44 Ibs 7 3OF 1 OOO Btu 2 year 
40 Water St resinous concrete 
New York, NY loo04 

(212) 943-3160 

tile 2 leet by 2 
feet 

Blue Lakes Engineering Thermolat calcium chloride 
Pace Carp hexahydrate with 
P O  B o x  1033 additives 
Appleton. WI 54912 

(414) 7330341 

(a distributor for PSI 
Energy Systems Inc ) 

b r d m m  Energy Syslems, Inc. product sodium sulphate 
5720 Kennett Pike available 
P O  Box4198 July 1980 
Wilmington DE 19807 . 

(21 5) 3887454 

black 35 Ibs 81OF 
polyethylene lube. 
bteet long 
3%-inch diameter 

2,460 Blu 10 yeai 

plated steel tubes. 22 Ibs 45O. 64O 74'. 1,444-2.000 Btu, Will be 
3Oinch long and 780. 810, 89 varies with phase available 
4inch diameter. change 
builtin spacers, temperature 
selective coaling 
available 

Collodlal Materials. Inc. Heat PacTM sodium sulphate Wly  aluminum 10 Ibs 73OF (may be 350 Blu 5 year 
varied between P O  Box696 toil laminate 

Andover MA 01810 p c h  % inch by 65OF and 8YF) 

(617) 4753276 

(a licensee 01 Cabot Corp ) 

Energy Materials, Inc. Thermalrod-27 calcium chloride black 35 Ibs 81OF 2 542 Etu 10 year 
2622 South Zuni hexahydrate polyethylene limited 
Englewood CO 801 10 

(303) 934-2444 

2 feet by 2 leet 

pipe Sleet long 
3%inch diameter 

(under OEM agreement with 
Dow Chemical Co ) 

PSI Energy Systems, Inc. ThermolBl calcium chloride black 35 Ibs 8l0F 
1533 Fenpark Drive hexahydrate with polyethylene 
St Louis MO 63026 additives tube bteet long 

3%inch diameter 
(314) 343-7666 

(under OEM agreement with 
Dow Chemical CO 1 

2.460 Blu 10 year 

leuor corpontlon Texxor Heat calcium chloride steel cylinder 4 56 IbS 81°F 
9910 North 481h St cell hexahydrale 7inch long 
Omaha NE 68152 (Bisol II) 4 261nch diameter 

(402) 4537558 

345 Blu 5 yeai 

~~~ ~~ 

Valmmt Energy Systems. Inc 
Valley NE 68064 

(402) 3592201 

~~ ~ 

Glauber s salt polyethylene 16 Ibs 8YF 
rectangular 
cube 2 leet by 
1 tmt by 2 inch 

1.294 Blu 5 year. limited 

has not degraded with continual cycling. 
Flexible pouches of this material. which 
can be placed on top of a fire-rated dry wall 
ceiling. are commercially available from 
Colloidal Materials, Inc., Andover, Mass. 
The pouches store about 200 Btu per 
square foot and cost approximately $2.00 
per square foot. Melting paints of M"F, 
73"F, and 66'F are standard. A ceiling tile 
containing the pouches was first developed 
at MIT; the tile is now produced at the Ar- 
chitectural Research Corp., Livonia. 
Mich., but the availability is limited. 

Status of PCM Storage for 
Passive Solar Heating 
Several concepts have been developed 
which promise the enhanced volumetric 
heat storage capabilities of phase change 
materials while overcoming their historical 
reliability problems. For passive solar 
energy applications, PCM's with suitable 
thickeners and nucleating agents can be 
used in commercially available plastic ron- 
tainers to moderate building temperatuies 
and store heat. Incorporation of the PCM s 

~~ ~ 

compiled by Elizabeth Holland 

into the building structure is advantageous 
since the storage capacity of the structure is 
increased significantly and the storage 
material is concealed. PCM's have been 
employed in ceilings with sollie success. 
Although integration of PCM's into walls or 
floors has not been successfully demon- 
strated, several limited tests are encourag- 
ing. The use of PCM's in structural materi- 
als has significant potential advantages, 
and further work is important to develop 
satisfactory enhanced heat storage struc- 
tures for passive solar heating. i) 
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Rising Oil and Gas Prices 
Are Making Hydropower Look Better 

A hydropower ins ta l la t ion  is ne i ther  c h e a p  nor 
simple.  But as f u e l  costs r i s e  and  ene rgy  demand  
cont inues ,  hydropower b e c o m e s  m o r e  cos t - compe t i t i ve .  
Existing d a m s  and  reservoi rs  espec ia l ly  are rece iv ing  
new a t t e n t i o n ,  and  abandoned hydropower sites a r e  
being refurbished.  As one  u t i l i ty  p re s iden t  says,  "The 
water ' s  there .  Let ' s  use it." 
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E N E R G Y  R E P O R T  

Rising Oil and Gas Prices 
Hydropower Look Better 

Are Making 
Every Day 

The economics for expanding hydroelectric potential are looking more attractive, 
and a record number of requests for operating permits are now pending. 

BY WILLIAM J. LANOUETTE 

s;::, 
license for 

HARBOR, PA.-Aftes 50 
the original federal operating 
' the hydroelectric dam here is 

up for renewal this month, and its owners 
are seeking not only to  keep it operating 
but nearly to  double its capacity. 

Spring runoff is now raising the 
Susquehanna River in the lake behind 
Safe Harbor Dam, forcing operators to 
"spill" water in dramatic-but unpro- 
ductive-cascades. To tap that wasted 
resource, they propose to add five more 
turbines to the seven that have whirred 
here for half a century. 

"With the price of oil going where it is, 
the economics favoring additional hydro 
here are compelling," said Donald B. 
Chubb, president of the Safe Harbor 
Water Power Corp., which owns the 
dam. "At this facility, we can produce 
electricity for 3.5 mills per kilowatt-hour. 
The most likely alternative is a gas 
turbine, which can cost up to 10 cents a 
kilowatt-hour." 

To be sure, the economics for expand- 
ing the country's hydroelectric potential 
are not always as attractive as they are 
here. Safe Harbor Dam is used chiefly to 
provide "peak load" power, the extra 
electricity needed only at  certain times of 
day. When it is used for generating "base 
load" power for customers' normal 
demand, the cost comparison with coal 
and nuclear plants is favorable but less 
dramatic. 

Yet the cost and availability of 
hydropower are still so appealing that 
along with Safe Harbor's application, 
there are now a record number of 
requests-more than 250-before the 
Federal Energy Regulatory Commission 
(FERC) for new, expanded and 
rehabilitated generating facilities. 

These applications range from plants 
that can generate 12 kilowatts (thousand 

watts) for individual use to projects of 572 
megawatts (million watts) for large util- 
ities. Together they represent generating 
capacity of more than 17,000 megawatts. 

Ronald A. Corso, the director of 
FERC's division of licensed projects, 
boasts that this is the equivalent of about 
17 nuclear power plants. Hydropower 
already provides about 15 per cent of 
U.S. electricity, compared with about IO 
per cent for nuclear power. 

The relationship between these old and 
new electricity sources was highlighted 
just upriver from Safe Harbor a year ago 
at Three Mile Island. General Public 
Utilities Corp., the owner of the two 
infamous nuclear power plants there, 
chose as the cover picture for its 1978 
annual report a photograph of the Three 
Mile Island units, with the 75-year-old 
York Haven hydro plant in the 
foreground. The report appeared a few 
weeks before the celebrated nuclear 
accident that began on March 28, 1979. 
While the 1,700-Megawatt nuclear units 
have been idle ever since, the 19- 
megawatt hydro plant is still contributing 
modestly to the company's power grid. 

Of course, hydropower does not 
always compete directly with nuclear 
energy, since it  is often used just for peak 
load while nuclear plants often contribute 
to base load. Hydropower plants, to be 
sure, run only when the water does; on the 
other hand, they aren't subject to months- 
long shutdowns for annual refueling or to 
the vagaries of high technology, as 
nuclear plants are. 

It's true that the five new turbines at 
Safe Harbor are likely to be used for only 
about two months a year-the average 
time during which the operators now spill 
water over the dam-and add only 187.5 
megawatts to the 230 used most of the 
year. But even with that limited use, the 
$150 million cost of the turbines is seen as 
a bargain when compared with other 

available sources of electric power. 
Hydropower is appealing for several 

reasons beyond its price. In most cases, it 
poses fewer environmental problems 
than coal or nuclear power. It can be built 
more quickly than its alternatives, with 
some plants operating within 4 years after 
planning begins, compared with 4 to  8 
years for coal plants and 8 to 14 years for 
nuclear plants. 

Because the environmental hurdles are 
fewer, the licensing time is also shortened. 
And last fall, FERC began to streamline 
its review of hydropower applications by 
cutting the number of required exhibits 
from 23 to 7 and reducing the number of 
words in their regulations from 10,700 to 
2,300. 

Red tape still exists, however, and this 
is compounded if an applicant takes 
advantage of the federal grants now 
available to assist in conducting surveys 
and preparing license documents. At Safe 
Harbor, for example, the application for 
license renewal is four  inches thick, and 
contains among other details a list of 
more than 750 local plants-among them 
the downy rattlesnake-plantain, sleepy 
catchfly, pale touch-me-not and sweet 
joe-pye weed-that grow in the area. 

"By far, the environmental materials 
were the most difficult to compile," said 
Louis Brethauer, vice president of the 
Safe Harbor Water Power Corp. "There 
are a lot more formalities this time than 
there were 50 years ago." 

Metropolitan Edison Co., the General 
Public Utilities Corp. subsidiary that 
operates Three Mile Island, had tried to 
build a pump storage facility a t  Stony 
Creek, north of Harrisburg, but found 
itself bucking the objections of sportsmen 
and environmentalists. 

The opponents eventually persuaded 
the Pennsylvania General Assembly to 
declare the site part of a wild and scenic 
river system. which further hampered the 

Reprinted from NATIONAL JOURNAL, April 26, 1980, with permission of The Government Research 
Corporation, copyright@1980. All rights reserved. 
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efforts to obtain a FERC license for the 
prqject. 

A typical pump storage facility. which 
raises water to a reservoir and stores it 
until needed for peak load generating. is 
much larger than a conventional hydro 
plant. In fact. the seven applications now 
before FERC for pump storage projects 
would provide considerably more 
generating capacity than the 225 conven- 
tional hydropower projects for which 

licenses are currently being sought. 
From 1970 to 1979. FERC reported, 

10.200 megawatts of capacity were 
completed for pump storage facilities, 
compared with only 1.000 megawatts in 
previous decades. 

But  this potential can be misleading. 
For one thing. the extra capacity is used 
only intermittently; for another, as 
Metropolitan Edison and other utilities 
;ire learning. the sire of the plantsand the 
constantly changing level of water in the 
dams’ reservoirs make them- less than 
popular with the local populace. 

I‘hus their eventual contribution to the 
nation’s energy mix may prove to be less 
than that of the smaller. conventional 
hydro projects. 

The economics for realizing the coun- 
try’s hydroelectric potential vary from 

site to site, according to the Energy 
Department, and few generalizations are 
possible. George Grimes, engineering 
development program manager at the 
Energy Department’s small-hydro divi- 
sion, said a survey by his office revealed a 
range of project costs from less than $500 
per kilowatt installed to more than 
$2.000. The average is about $1,500. 

Corso. in a speech at Harrisburg last 
fall. said that newly installed hydropower 
will cost between 1.5 and 8 cents per 
kilowatt hour. By contrast, nuclear 
power now costs 4 to 5 cents per kilowatt 
hour and power from coal, 6 to 8 cents. 
Electricity from solar photovoltaic cells 
can be produced at about 48 cents per 
kilowatt hour, he said, and wind- 
generated electricity at a test site in North 
Carolina is estimated to cost about 18 
cents per kilowatt hour. 

HYDRO’S POTENTIAL 
The 17.000 megawatts in applications 

now before FERC represent only a small 
percentage of the identified hydropower 
potential. although they mark a signifi- 
cant shift in interest. (See box, p .  688.) 

These applications reverse a decline in 
hydropower operations over the past 
quarter century, a period when the low 
prices of fossil fuels and the rising 
expectations for nuclear power made 
many hydro plants uneconomical. 

In 1977. the Army Corps of Engineers 
reported that there were 57,000 
megawatts of generating capacity in 
operation. with another 8,200 megawatts 
under construction. I t  concluded that the 
potential existed for another 54.600 
megawatts from three so.urces: 5,100 
megawatts from rehabilitation of existing 
hydro dams, 15.900 megawatts from 
expansion of existing hydro dams and 
33.600 megawatts by developing non- 
hydro dams. (See N J .  4 / 2 9 / 7 8 ,  p .  672.) 

The corps conceded that its survey, 
ordered by President Carter in his energy 
policy message that April. was super- 
ficial. and that many impediments stood 
in the way of realizing the full  potential it  
identified. 

Since then, the corps has completed a 
more ambitious “Preliminary Inventory 
of Hydropower Resources,” based on an 
analysis of its original survey and released 
last July in six regional volumes. I t  found 
63,702 megawatts of installed capa- 
city at 1.251 facilities, which could be 
supplemented by 94.636 additional 
megawatts at 5.424 existing dams, 
whether or not they are producing 
electricity today. 

At another 4,532 sites where no dams 
exist. the corps reported, 353,948 more 
megawatts could be installed. Thus if 
hydro’s full potential were realized, the 
country could have an installed capacity 

. 

n 
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of 5 12.286 megawatts-perhaps by early 
in the next century. 

The inventory's authors. however, 
issued this sweeping caveat: "The in- 
cremental potential and that estimated 
for undeveloped sites do not include 
detailed consideration of the engineering. 
economic, financial and environmental 
constraints; nor do  they include an 
assessment of the competitive use of 
water at existing impoundments, or 
consideration of the complex social. legal 
and institutional feasibility, all of which 
could preclude full development of the 
hydroelectric potential." 

The most common way to measure 
hydropower is in terms of installed 
capacity, but output must also be 
considered. New turbines may be 
economical operating only two months a 
year a t  Safe Harbor because they are 
primarily providing peak load power, 
although at other sites this intermittent 
use may prove too costly to justify the 
investment. 

At the Energy Department, Grimes 
said some of the projects on the Corps of 
Engineers list appear to hold little 
economic promise. He noted that the 
corps has estimated that 338,217 
megawatts of the potential 5 12.286 would 
come from undeveloped large-scale sites 
where capacity exceeds 25 megawatts. 
The corps estimates that these sites would 
produce only 884 billion kilowatt-hours 
of energy a year, based on estimates that 
they would be operating only 2.600 hours 
a year-or less than 30 per c&t of the 
time. 

" I  doubt that the investment capital 
will be there to support that kind of low 
capacity factor," Grimes said. "At today's 
prices. that seems mighty costly." 

At undeveloped sites,. he added, con- 
struction costs could far outweigh the 
expected returns. 

But economic conditionsare not static. 
and if the environmental problems of coal 
and the safety problems of nuclear power 
continue to rise. hydropower sites that 
are now too costly may soon become 
more attractive. 

In fact, new applications for 
hydropower arrive at FERC almost daily 
and, said Corso. there's a flurry of new 
filings every time there's publicity about 
oil price increases. 

"If i t  isassumed that inflation persists," 
said Robert C. Richert, a hydraulic 
engineer at General Public Utilities 
Corp., "it can be demonstrated that the 
capital-intensive power costs of the 
hydroelectric facility will remain relative- 
ly stable and should be significantly less 
than inflation-prone fuel or power costs 
at some time in the future." 

The Energy Department has en- 
couraged hydropower development with 

grants for feasibility studies and con- M a r l  C Heutheri, 
struction that have totaled $30 million 
since they began in  1978 In addition. the Xi /u i iu / /  hi t l ro  
department is mailing checks for $20 plan! it? 

million this month in  loans for feasibility 
and licensing studies at more than 500 

recrorrng /hi\ 300 

S/ocXhridgcJ. 
Man Shehopp\tu 

sites The loans are forgiven for bites that 
are not feasible 

dent of the New England ElectricSystem. 
praised the Energv Department dnd 

hegit? operarron\ 
r u m  ond e \pond 

q/ 500 A i / o ~ u r ~ \  
Guy W Nichols. chairman and presi- ru a tupotrti 

FERC for their efforts on behalf of hy- 
dro. "They're sincerely trying." he said. 
"and I usually don't say nice thingsabout 
those agencies." 
PROJECTS HERE AND THERE 

The New England River Basins Com- 
mission. which released a study of the 
"Potential for Hydropower Development 

at Existing Dams in New England" last 
January. concluded that existing dams 
can make a "significant local contribu- 
tion" and that "hydropower's regional 
contribution will obviously rise asconser- 
vation measures reduce over-all needs." 
Nevertheless, the commission cautioned, 
"from a regional viewpoint. i t  is evident 
that the electrical energy contribution 
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Hydropower Potential in the States 
The table shows the potential for hydroelectric power in each of the states. The 
first four columns show the estimates by the Army Corps of Engineers of 
existing hydropouer capacity, additional power that could be achieved at sites 
where dams habe already been built and power that could be generated by 
streams without dam developments now In the last two columns are 
applrcatrons before the Federal Energy Regulatory Commission (FERC) as of 
March 7 for additional capacity (All figures are in megawatts ) 

1 r - C o r p s  of Engineers 

Existing Additions Undeveloped To 

Ala. 2.271 4,121 148.0 
Alaska I29 418 666,775 1 84.3 
Ariz. - 

Ark. 1,080 2,886 569.0 
Calif. 2.213.8 
Colo. 
Conn. 
Del. 
D.C. 
Fla. 
Ga. 
Hawaii 
Idaho 
111. 
Ind. 
Iowa 
Kan. 
KY. 
La. 
Maine 
Md. 
Mass. 
Mich. 
Minn. 
Miss. 
Mo. 
Mont. 
Neb. 
Nev. 
N.H. 
N.J. 
N.M. 
N.Y. 
N.C. 
N.D. 
Ohio 
Okla. 
Ore. 
Pa. 
R.I. 
S.C. 
S.D. 
Tenn. 
Texas 
Utah 
Vt. 
Va. 
Wash. 
W.Va. 
Wis. 

I 

289.7 
13.5 
- 

- 

8.8 
79.0 

829. I 
9.0 

12.0 

373.2 
425.5 

29.9 

42.7 
6.5 
2.2 

54.0 

193.0 
50.0 

27.9 
4.3 

24.2 
20.8 

122.1 

382.0 
296.5 

6.4 
3.9 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11.9 

112.9 
22.9 

927.2 
210.0 

2.2 

- 

wyo. 227 487 3.546 4,260 8.7 
~~ 

63,648 94,544 ‘353,935 512,757 7,108.1 9,776.0 

from hydropower development a t  ex- 
isting dams (no[ currently generating 
power) is limited at  best and is somewhat 
less than originally anticipated.” 

The commission has identified 363 
active dams in New England that the 
Corps of Engineers estimated to have a 
capacity of 1.300 megawatts, although 
the commission’s staff questions some of 
the corps’s numbers. Of the 10,670 dams 
that the commission identified in its 
study, 1.750 could, it said, produce new 
hydropower. 

But their combined capacity would be 
only about 1,000 megawatts, equal to  that 
provided by one nuclear plant. Although 
not dramatic, this potential is significant, 
the study noted: equivalent to  about 7 per 
cent of the 1978 New England winter 
peak load demand. 

The New England Power Pool hasjust 
completed a hydropower survey of its 
own, but has not released its findings. 
“This is not an economic analysis or a 
site-specific study,” said James R. Smith, 
director of the survey. “It was a paper- 
screening study, in which we looked at 
11,044 sites and identified the 105 that 
seemed most promising and warranted 
further study.” 

Smith said in an interview that he had 
identified some 540 megawatts of feasible 
capacity that should be explored further. 
Projects would range in size from 100 
kilowatts or less to 48 megawatts. “We 
analyzed every dam site. and I mean that 
in more ways than one,” he said. 

Antonio Ferreira of the utility in- 
dustry’s Electric Power Research In- 
stitute, who worked with Smith on the 
New England study, said that both the 
1977 and 1979 studies t y  the corps were 
“very theoretical and optimistic” because 
they did not consider competing uses for 
dams-recreation, flood control, drink- 
ing water sources and the like. 

A look at potential new hydro 
generating sites in Massachusetts and 
Vermont shows that hydro’s promise of 
inexpensive electricity must stand the 
tests of economics and engineering. 

The New England Electric System, for 
example. is involved with a 300 kilowatt 
hydro plant in Stockbridge, Mass., which 
is being restored by Mary C. Heather, a 
75-year-old retired school teacher. With 
the help of her brother, Joseph A. 
Guerrieri. a retired electrical engineer, 
Heather purchased a plant on the 
Housatonic River that was operated from 
1906 to 1947. 

The plant is expected to begin 
operations this summer, and eventually 
expand to a 500 kilowatt capacity-at 
which time it will produce enough 
electricity for about 250 homes. New 
England Electric last August agreed to 
buy power at a price that will reflect the 
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company’s costs for oil to generate the 
sameamount ofelectricity: now about 4.0 
cents a kilowatt-hour. 

The Green Mountain Power Corp. in 
Vermont is now involved actively with 
two hydropower projects: one to 
renovate an abandoned site, the other to 
build a new dam and power plant. 

A hydroelectric plant operated at 
Bolton Falls, on the Winooski River near 
Duxbury, from 1901 until i t  was aban- 
doned in 1938. The Energy Department, 
having chosen the site as a demonstration 
project in 1979, awarded a $1.5 million 
grant for the redevelopment that is 
estimated to cost about $10 million and 
produce 6 megawatts. Operations could 
commence by 1983. 

Green Mountain is also building a new 
dam and power plant downstream on the 
same river between Winooski and 
Burlington at  the site of a former water- 
powered woolen mill. A powerhouse will 
be built a t  the end of an 1,800-foot tunnel 
to produce 9.3 megawatts at an installed 
cost of about $9 million. 

“We found that with federal money 
involved, things slowed down and ad- 
ministrative procedures became more 
complex,” said Peter McTague, Green 
Mountain’s president. “But at both sites, 
costs increased and planning schedules 
slipped for other reasons as well.” 

McTague said that at Bolton Falls, 
engineers discovered that more 
rehabilitation work was needed than they 
had expected, “a problem characteristic 
of redevelopment sites.’’ And at the 
Winooski-Burlington site. he said, 
“prices escalated just as they do  at any 
new installation, for the same reasons 
they do  at a coal or nuclear plant.” 

Green Mountain Power now gets 
about a third of its power from coal and 
oil, a third from nuclear and a third from 
hydro, McTague said. 

He cited changes in federal and state 
regulations as a principal cause of 
delay-and increased cost. I t  is still 
uncertain, for example, whether the 
Environmental Protection Agency will 
require a fish ladder at the new dam. 

“One thing we’ve discovered,” Mc- 
Tague said, “is that it’s often more 
expensive to take apart and rebuild 
what’s there than it  is to start from 
scratch. Building a new opening for [an 
intake] hole at Bolton Falls will cost us 
almost as much as building a new dam.” 

A similar problem occurred here at 
Safe Harbor, even though the space and 
support structures for the five new 
turbines were installed when thedam was 
built. “They had great foresight in leaving 
room for eventual expansion,” Chubb 
said, “and that will hold down costs-but 
not as much as you might think.” The 
question of whether to install a fish 

ladder, at a cost of perhaps $ I5 million, 
has also been raised. 

AN UNCERTAIN FUTURE 
The only thing certain about how much 

of hydropower’s potential will be realized 
is its uncertainty: its potential appears to 
increase as fossil fuel prices soar and 
nuclear power fortunes waver, however. 

Since electricity was first produced at  a 
dam in Appleton, Wis., in 1882, hydro 
has risen and fallen as a share of the 
nation’s energy supplies, and it  can be 
expected to continue to fluctuate. 

The stability of the electric utilities will 
be important, and Herman G. Roseman, 
an economist for National Economic 
Research Associates Inc., concluded in a 
study released in March that “the key to 

Wisconsin, the Madison Paper Co. in 
Maine, the Fries Textile Co. in Virginia 
and the Tupperware Division of Dart 
Industries Inc. in Rhode Island. 

More than 40 municipalities have also 
applied for licenses, including Madison, 
Maine, Springfield, Vt., Woonsocket, 
R.I., Saugerties, N . Y  ., Paterson, N.J., 
Columbus, Ohio, Martinsville, Va., 
Vanceburg, Ky., New Roads, La., Gon- 
zales, Texas and Muscatine, Iowa. 

“Although the total potential for 
hydropower is small comp~~red  to pro- 
jected U.S. electric generation needs,” the 
Corps of Engineers said, “in conjunction 
with other evolving energy production 
systems such as solar, wind, tidal, 
biomass conversion, geothermal and 
other small-scale techniques, [it] could 

conclude that in a few years. the average 
utility would be unable to financecurrent 
construction.“ 

But beyond the utilities, there is a 
further promise for hydropower that is 
just now being tapped: construction of 
power plants by industries and by cities 
that need the power for their own 
purposes. 

Among the applications for licenses 
from FERC are the BSR Co. Inc. in 
Vermont. the Kimberly-Clark Corp. in 

provide a significant amount of relief to 
our current dependence on foreign fossil 
fuels.” 

Small-scale turbines that require 
minimal water flow might contribute to 
the amount of electricity-and the share 
of the nation’s energy-that hydropower 
provides in the years to come. 

“We’re spilling water over the dam 
today that could be spinning power,” 
Chubb said here recently. “It’s there. Let’s 
use it.” 
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I con t r ibu t ion  to our  e n e r g y  budget.  But ,  cau t ions  t h e  
au tho r ,  wind s y s t e m s  a r e  no t  f o r  everyone .  H e r e  a r e  
s o m e  ques t ions  to help a p rospec t ive  use r  c a l c u l a t e  
cos t - e f f ec t iveness ,  as well  as sources  of f u r t h e r  infor- I 
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Will It: Pav 
You to Put up a 
Windrnill? 
by John 1. Pullen 

T MIDMORNING OF April 121, 1979, A a pleasant day with the still- 
leafless treetops swaying in a moder- 
ate breeze, I joined an unusual 
group gathered at the home of 
Rosemary and Alan Hanks in Madi- 
son, Connecticut, on a hill overlook- 
ing the East River about a mile north 
of its outlet into Long Island :Sound. 
Conspicuous on the scene, and most 
curious, was the presence of men in 
yellow hard hats from the Connect- 
icut Light & Power Company. They 
were there on private property to 
help install a windmill, which might 
have moved a casual observer to ask, 
“What hath the energy crisis 
wrought? Are the wind folk now in 
bed with the electric utilities?” 

When I arrived the CL&P fellows 
were digging a hole in which to plant 
a 70-foot wood pole, which was lying 
nearby. Their machines included a 
50-ton crane, a backhoe, a h e  truck 
with cherry picker, an earth tamper, 
and an air compressor. “This I S  over- 
kill,” the foreman told me. “You 
don’t need a fifty-ton crane to put up 
a three-hundred-pound wind gen- 
erator. But it’s what we had avail- 
able.” The generator itself, which 
was to be mounted on top of the 
pole, was about 6 feet long and 2 feet 
across, with a three-bladed propeller 
13 feet in diameter. Across its gleam- 
ing fiber glass nacelle was lettered 
the word ENERTECH, the name of the 
manufacturer (also a distributor of 
other types of wind plants). Busy su- 
pervising the installation of the 
generator were Eugene Butler and 
Peter Kaminsky of Energy Alterna- 
tives, Inc., a distributor of (energy 
equipment with a home office in 
Greenfield, Massachusetts. At odd 
moments they discussed with me a 
feature of the machine, known as 
the Enertech 1500, that represents 
something new in windmill technol- 
ogy. The Enertech 1500 produces al- 

ternating current (AC) that is identi- 
cal to the 115-volt, 60-cycle utility 
power supplied to your home; it is 
connected by a simple plug to any 
20-ampere wall outlet, and wind- 
generated electricity then flows di- 
rectly to lights and appliances in the 
house. If there is a shortage, the 
electric utility automatically makes 
up for it, and if the wind produces 

more than is being used, the surplus 
flows into the utility’s distribution 
system. This arrangement elimi- 
nates the need for a set of storage 
batteries, which has traditionally 
been one of the costliest compo- 
nents of a wind-powered system. 

Representing the utility was 
Robert W. Goodrich of Northeast 
Utilities (parent of C U P ) .  Asked if 
Northeast was planning to offer a 
windmill-installation service, he 
said, “No, that will most likely con- 
tinue to be done by private contrac- 
tors. What we are doing here today is 
part of a two-year experiment we are 
conducting along with Energy Al- 
ternatives. There is another Ener- 
tech 1500 installed at Colrain, Mas- 
sachusetts, up in the Berkshires, 
about a thousand feet above sea 
level. We’re instrumenting that 
house and this one here in Madison 
to gather data on wind power both at 
a shoreline location and one up in 
the hills.” One of the things utilities 
like about the Enertech 1500, Dr. 
Goodrich said, is that it automat- 
ically stops generating when there is 
a utility power failure, so that wind- 
generated power cannot be fed into a 
“down” utility line and shock line- 
men who may be repairing it. (As 
this fail-safe feature indicates, the 
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Windmill and Traction Engine, by 1. C. Huntington from the collection of Herbert Hempill 

Enertech 1500 is not at present a 
stand-alone, or back-up, system. It is 
designed to slow down your con- 
sumption of utility power and re- 
duce your electric bill.) 

By early afternoon the pole at the 
Madison site was in place and se- 
curely guyed. The generator was 
lifted to the top of the pole and at- 
tached. The connecting cable and 
accessory equipment were installed. 
At 2:40 P .M. ,  whirling with a sound 
like the distant beating of wings, the 
propeller started making red, white, 
and blue circles in the sky. Almost 
involuntarily, everybody cheered. 
On a control box inside the house, a 
meter showed that the Enertech 
1500 had begun to deliver. 

A fast, simple operation. The cost? 
In this case, I was told, Northeast 
Utilities had contributed the pole 
and the installation out of its re- 
search budget, but the normal cost is 
reasonable. The wind turbine gen- 
erator and its control system as of the 
end of 1979 was priced at about 
$3,475 F.O.B.  Norwich, Vermont. 
The additional cost-the pole or 
tower, installation, and wiring-may 
run from around $l,OOO to $4,000 
depending primarily on the height 
and the type of pole or tower. (A 
wood utility pole, if it can be used, is 
less expensive than one would 
think.) It was obvious that much 
planning and technical expertise 
had gone into this accomplishment, 
so I was not surprised to learn that 
Enertech’s chief design engineer is 

Henry Clews, a nationally known 
pioneer in wind-energy systems. 
Driving home from Madison, I 
couldn’t help thinking about 
another trip I had made, to East 
Holden, Maine, where Henry Clews 
was running his own business, the 
Solar Wind Company, almost five 
years previously. [See “Energy from 
the Wind,” January-February 1975.1 
A lot of wind has gone over the mill 
since then. In 1974 I could identify 
only one U. S. manufacturer of wind 
turbine generators. Now there must 
be twenty-five; there are generous 
federal and state incentives for in- 
stalling windmills; and there is a fed- 
eral program to encourage and aid 
the commercial development of 
wind-power. 

Back in 1974, struggling by himself 
in Maine, Henry Clews was a dis- 
tributor for a couple of imported 
wind machines, and he quickly 
learned a ’lot about the windmill 
business as distinct from the wind- 
mill art. “We had thousands of in- 
quiries,” [he told me, “probably 
more than fifty thousand, but of 
those only a small percentage, 
maybe one in a thousand, turned 
out to be buyers. If it hadn’t been for 
the little booklet ‘Electric Power 
From the Wind’ that I wrote and 
sold, I probably wouldn’t have been 
able to stay in business. Eventually I 
sold the franchises for the imported 
machines and began to work on a 
design of my own. I actually built 
several prototypes, but I didn’t put 

any into production. They were di- 
rect-current (DC) battery-charging 
types, and the problem was that 
none of them could ever be compe- 
titive with utility rates. So it didn’t 
seem to me that they’d ever have 
widespread acceptance. It wasn’t 
until I closed down Solar Wind, 
spent a summer riding a bicycle 
across the United States and then 
went to work for Enertech that I got 
started on the new idea. 

“The new approach came about as 
a result of a project we did at Ener- 
tech for Xerox Corporation, making 
a bicycle-powered generating sys- 
tem. They wanted a bunch of little 
units that children could pedal to 
generate electricity that could be fed 
directly into a power line to light up 
the White House Christmas tree-a 
sort of public relations project. We 
built twenty of these. In doing so, we 
learned a lot about using induction 
generators to feed power directly 
into an AC line.” 

HIS IS A KEY POINT. The ma- T chines traditionally used in 
wind systems-the DC-producing 
generators and the AC-producing 
alternators-annot accomplish this 
direct feed-in, because as wind speed 
changes they turn out an electric 
current with varying voltage and 
frequency, not synchronous with 
utility power. Therefore their output 
must be stored in batteries. Since 
batteries accept and supply only DC, 
the current from an alternator must 
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be changed to DC by an appropriatf 
device before storage. ‘When elec. 
tricity is drawn from the batteries ii 
can go directly to light:; and somc 
appliances that will function on DC 
but many appliances rlequire AC. 
and for these there mu:;t be an in- 
verter to change DC to AC. The in- 
verter is expensive and uses up a 
good deal of power just in running 
itself. All rather complicated. 

The induction generator thai 
Henry designed into the Enertech 
1500 produces AC that is always syn- 
chronous with that of the electric 
company, therefore it can simply be 
plugged into a wall outlet, eliminat- 
ing the need for batteries and invert: 
ers. The induction generator is 
actually (and should be called) a 
motor-generator. When electric 
power is fed into this machine ii 
causes a rotor to turn and a mechan- 
!ical driving force to be produced; it is 
then acting as a motor. But mechan- 
ical force, such as that of the wind, 
can be applied to turn the rotor and 
do the opposite-that is, cause elec- 
tricity to be produced. It is then act- 
ing as a generator. Induction motors 
(generators) are standard, off-the- 
shelf items, so their cost is quite rea- 
sonable, and millions of them have 
been in use for decades, so their re- 
liability has been proven, and the 
bugs have been pretty well worked 
out. 

Another noteworthy feature of 
the Enertech 1500 that would seem 
to make for simplicity and trouble- 
free operation is the power train. 
One problem in windmill design is to 
get all the power possible at low wind 
speed, but to prevent high-speed op- 
eration that could destroy the ma- 
chine. Traditionally, many man- 
ufacturers have provided this over- 
speed control by means of a vari- 
able-pitch propeller. Instead of add- 
ing this mechanism, Enertech uses a 
fixed-pitch design based on a “rather 
subtle” (as Henry calls it) aeronauti- 
cal principle that sends the blades 
into a progressive stall when wind 
speed gets too high. At the same 
time, the propeller is efficient at low 
wind speed. It is not self-starting, but 
this potential difficulty is easily over- 
come. Utility power is used for the 
first few seconds to bring the ma- 
chine up to synchronous speed as a 
motor; then the wind takes over, and 

n 

the motor becomes a generator. 
Even after start-up a small amount 
of electricity from the utility con- 
tinues to flow through the machine 

Norwich, VCrinOnt, p h t .  The schematic drawiq at the right s1;ows 
suitable and urisuitablc I,,c‘itiuns for a \vindrnill. 

rechnicians assemble a n  Enertech 15’00 windmill at the company’s 
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near you. The U.S. Department of 
Commerce, National Climatic Cen- 
ter, Federal Building, Asheville, 
North Carolina 28801, issues two 
publications: “Local Climatological 
Data,” which is inexpensive and in- 
cludes monthly average and mean 
wind speeds for a current year; and 
“Airport Climatological Summary,” 
which is more detailed and technical 
and covers a longer period. The first 
publication is prepared for about 290 
stations, the second for about 160. 
One of these stations might be near 
enough to your site to provide help- 
ful data. (When looking at these 
summaries, be sure to note the 
height of the recording instrument 
above the ground.) One great value 
of a comparison with historical rec- 
ords is that you can judge the effect 
of seasonal variations, which do not 
change much from year to year. For 
example, if your measurements are 
made in summer, you may see that 
you can predict a higher year-round 
average by taking into account the 
windier winter months. 
Choosing Tower Height and Type 

to energize the magnetic field neces- 
sary for generating electricity. If 
there is a utility “outage” and this 
flow stops, wind-generated electric- 
ity also stops perforce. This is the 
ultimate fail-safe feature that pro- 
tects utility linemen. In addition, the 
Enertech 1500 has an electro- 
mechanical brake. Operation of the 
motor-generator is controlled by a 
small logic circuit that receives sig- 
nals from an anemometer located on 
the tower near the windplant. When 
the anemometer indicates that wind 
speed is at least 11 mph, the brake is 
released, and the machine is “mo- 
tored up” to synchronous speed. If 
wind speed drops below 8 mph (at 
which point the motor-generator 
would start drawing instead of 
generating power) or if utility power 
fails, the brake is automatically 
applied, and the wind machine 
stops. 

Will a Windmill Pay 
Where You Live? 

The amount of electricity a wind 
turbine generator produces varies 
with wind speed. For those who have 
forgotten their electrical terms, a 
brief refresher: a watt is the basic 
unit for measuring the electricity a 
piece of equipment is producing or 
using. Akilowatt (kW) is 1,000watts. 
A kilowatt hour (kWh) is 1,000 watts 
produced or used for an hour or the 
equivalent; for example, 100 watts 
produced for ten hours. Enertech 
has designed the Enertech 1500 to 
reach its rated output of 1.5 kW at a 
wind speed of 22 mph and to pro- 
duce roughly 370 kWh a month at a 
site where winds average 12 mph. 
The rating and claimed output of 
any wind generator must similarly be 
related to specific wind speeds. 

Although the discussion that fol- 
lows uses the Enertech 1500 as an 
example, it is mostly applicable to all 
windmills. To begin with, on a gen- 
eral basis, wind systems are not for 
everyone. They are best suited for 
windy locations where the cost of 

commercial power is unusually 
high. They are better suited for rural 
or semirural locations than they are 
for urban or suburban areas where 
building and zoning regulations, as 
well as interference with the wind 
caused by nearby structures, may be 
encountered. Given a location that 
seems generally favorable, the most 
critical remaining factor is average 
wind speed at that site. As little as 
1 mph at ground level can make the 
difference between a system that will 
pay for itself and one that will not. 
And winds can vary considerably be- 
tween sites that are only a mile or so 
apart. It is therefore highly impor- 
tant to determine carefully the aver- 
age wind speed for each individual 
location. 

Starting with a visual check, a 
good site is one where treetops sway 
or a flag flies fully extended most of 
the time. Deformed trees may also 
provide a clue; strong continuous 
winds tend to reduce foliage on the 
side toward the wind. Sites may 
benefit from irregularities in the 
local terrain, such as narrow valleys 
that compress, or rounded hill crests 
that speed up, wind flow. Old resi- 
dents, Forest Service personnel, and 
others who may have observed local 
wind behavior are worth consulting. 

For preliminary estimates, it may 
be enough to measure and record 
wind speeds at eye level twice a day 
for two or three weeks, using a sim- 
ple hand-held instrument that costs 
about $10. If the average of these 
measurements is less than 8 mph 
and commercial power is available, 
Enertech advises you to go no 
further; the site is probably not satis- 
factory. Other manufacturers may 
suggest different minimum wind 
speeds. If the site appears to be 
promising, the next step is to install 
an anemometer, a recording device 
to measure and record wind speed 
over a period of several months or 
even a year. The resulting data may 
be compared with the records of 
public or private weather stations 
f 1 

I \  ’ M4y be suitable 

One purpose of the tower or pole is 
to raise the wind machine above and 
away from turbulence, which may 
damage it, and from “wind shadow,” 
caused by nearby trees or buildings. 
A site on a hill doesn’t necessarily 
lessen the need for a high tower. [See 
drawing.] Some authorities suggest 
that both turbulence and wind 
shadow can be avoided by erecting a 
tower that is at least 30 feet higher 
than any obstacle within 100 yards, 
or 40 feet high, whichever is greater. 
Others say the tower should be at 
least 60 feet high. 

Another purpose of the tower re- 
lates to wind speed. Wind mea- 
surements at ground level can be 
misleading; here winds are slowed by 
the drag of the earth’s surface and by 
various obstacles. Wind speed gen- 
erally increases with height, and 
even though this increase may be 
only 4 or 5 mph, it is significant, 
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because power varies with the cube 
of the wind speed. Going from 10 to 
15 mph will produce not half again as 
much power but more than three 
times as much, while going from 10 
to 20 mph will produce eight times as 
much. The average wind speed at 
your site should be measured at sev- 
eral elevations for a preliminary a p  
praisal. In the following example, 
based on information firom Ener- 
tech, 5 feet is given an index of 1.00, 
and what happens at higher eleva- 
tions is shown. The increase factors 
are theoretically derived and apply 
to moderately flat terrain., on hilly or 
rough ground the factor (differences 
would be even greater. For this 
example, a 9 mph wind speed at eye 
level (about 5 feet) is assumed. The 
increase factors could be applied to 
any other eye-level wind speed by 
simple multiplication (wind speed 
times increase factor.) And any other 
manufacturer should be able to pro- 
vide monthly outputs in lrWh corre- 
sponding to average wind speeds. 

Table 1 
Height 
Above Wind speed Average Appmx Output’ 
Ground Increase Wind speed in kWh Monthly 
(Feet1 Factor in mph (Enertech 15001 

5 1.00 9.0 180 
30 1.29 11.6 345 

50 1.39 12.5 405 
40 1.35 12.2 385 

~ ~~ ~~ ~ .. 
60 1.43 12.9 425 
70 1.46 13.1 445 
80 1.49 13.4 460 
90 1.51 13.6 475 
‘Estimates based on standard wind distribution pat- 
terns, which may vary from one site to another. Also, 
at high terrain altitudes, lower air density will di- 
minish the output of any windmill. 

The cost of attaining the desired 
height is an important considera- 
tion. The real trade-off is between a 
low-cost 40- or 50-foot utility pole 
($1,000 to $1,500 completely in- 
stalled and wired) and an 80- or 90- 
foot tower ($3,000 to $41,000 com- 
pletely installed and wired). 

Generally, since tower incre- 
ments are not too costly, the least 
expensive way to get moire power is 
to increase tower height. However, 
there are at least three considera- 
tions that may be limiting. 

(a) The number o f  kilowatt hours 
you want .  In the case of the Ener- 
tech 1500, you would have to think 
about the utility tie-in. Experience is 
limited, but Enertech believes that 
at sites where the output of the wind 
system is no more than 50 per cent of 
your electrical demand, less than 15 
per cent of the output is likely to be 
fed back to the utility. If you are not 

getting paid for this backfed power, a 
system yielding about 50 per cent of 
your monthly usage is about as large 
as you would want for optimum ec- 
onomic return. 

(b) The point of diminishing re- 
turn. Looking at each tower option 
(type, height, cost) and the electrical 
output you are likely to get from it, 
you should be able to identify a point 
at which an added increment of 
tower or a different type of tower 
adds more in percentage of total cost 
of the system than it adds in percent- 
age of power output. 

Or you might perceive a situation 
in which two wind turbine gen- 
erators, mounted on wood utility 
poles at a lower elevation would be 
more cost-effective than one gen- 
erator mounted on a higher and 
more expensive tower. 

The cost of the generator is more 
or less a constant. The cost of put- 
ting the generator up in the air-and 
what you get for this expenditure-is 
a variable. It will all make an enter- 
taining exercise for you and your 
pocket calculator. 

(c) Local restrictions. Local build- 
ing codes, zoning restrictions, Fed- 
eral Aviation Administration rules, 
and other such regulations may limit 
the height of the tower and dictate its 
type. These possible restrictions 
must be checked for each individual 
site. 

(d) Insurance. Your wind system 
may or may not be covered by your 
existing homeowner’s insurance. 
Ask your insurance agent for 
specifics. 

Looking at True Costs 
Having arrived at the type, size, and 
gross cost of the wind system, the 
next step is to determine net cost 
after taking advantage of federal and 
state benefactions. 

Tax Credits.  For installing a 
wind-powered system you are al- 
lowed to take as a direct credit 
against your federal income tax 40 
per cent of the first $10,000 of the 
system’s cost. (This is not just a de- 
duction from your gross income; it 
comes off your tax payment.) This 
credit is available until Januaiy 1, 
1986; other criteria are available 
from the Internal Revenue Service. 
In addition, many states offer tax 
credits, deductions and exemptions, 
low-interest loans, and so forth. 
Some are quite substantial; for 
example, California offers a per- 
sonal income tax credit of 55 per 

cent of the system’s cost up to a 
maximum of $3,000 (reduced by the 
amount of any federal income tax 
credit used). Vermont provides an 
income tax credit of 25 per cent of 
the system’s cost, or $1,000, which- 
ever is less. One of the most com- 
prehensive programs is Oregon’s, 
with an income tax credit (25 per 
cent up to $1,000), an anemometer 
loan service, the Oregon Wind Book 
(an excellent guide), and fairly stiff 
eligibility criteria which serve to pro- 
tect the windmill purchaser as well 
as the state treasury. Your own state 
tax department and energy office 
can acquaint you with the incentives 
and criteria that apply to you. 

Cost o f  Your Util i ty  Electricity. 
Electric rates vary widely depending 
on the state you live in, the company 
that serves you, the amount you use, 
and other things. The only reliable 
way to determine the true cost and 
what is happening in your situation 
is to gather up your electric bills for 
as far back as you can and, for each 
billing period, divide the amount of 
your bill in cents (excluding such ex- 
traneous costs as water-heater ren- 
tal) by the number of kWh used in 
that period. I did that for my own 
ghoulish amusement, by some 
miracle finding bills from 1970 on, 
and recorded the results in tabular 
form. I saw that in recent years the 
rate seems to have varied by as much 
as 0.8 cents between certain summer 
and winter months, reflecting the 
different quantities used. It was also 
apparent that our rate has more than 
doubled since 1970, a trend all across 
the nation. The pronounced rise in 
the 1970s was caused mainly by in- 
creases in the price of fuel oil burned 
by the power plants, but utilities also 
buy other materials, equipment, and 
services, so inflation in general is 
also to blame. Conversion to coal by 
some plants may reduce depend- 
ence on OPEC oil, but it will not cut 
costs much. What will happen in the 
future is anybody’s guess, but an an- 
nual increase of 10 per cent or more 
for electric rates does not seem un- 
realistic. 

Credit for Backfed Power? Your 
electric company must agree to any 
tie-in with its system. This probably 
will not be a problem if safeguards 
are provided similar to those of 
the Enertech 1500; utilities seem to 
be accepting this machine quite 
readily. However, what, if anything, 
will the utility pay you for wind- 
generated power that is fed into the 
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utility lines? That question should be 
settled when the tie-in agreement is 
being discussed. It may be that the 
utility will choose to “ratchet” your 
meter-to fix it so that power fed 
into the grid will not turn the meter 
backward, meaning you get no 
credit for it. Or you might pay to 
have a second meter installed; it 
would register the power you feed 
back, and the utility would pay you 
for it, but not at the retail rate. Or 
there could be some other arrange- 
ment. Your state’s utility control 
board may have ruled on this matter 
by now. If you are paid something, 
the calculations that follow would be 
somewhat altered in your favor. 

Putting It All Together 
What follows is simply a suggested 
format for calculation. In your situa- 
tion, the state credit and your in- 
come tax bracket will probably be 
different, or the two may not be 
compatible as shown below. Also, 
your electric utility rate is likely to be 
different, and perhaps you’ll have a 
different estimate of its future in- 
creases. The calculations can be 
modified for these or other varia- 
tions. 

This example stems from Table 1. 
We have a 9 mph wind speed at eye 
level. We have put up a 60-foot pole 
which brings wind speed up to 12.9 
mph. This translates into 425 kWh 
per month on the Enertech 1500, or 
5,100 kWh annually. Reduced by the 
15 per cent we expect will be fed back 
to the utility without compensation, 
this amounts to 4,335 kWh per year. 
Other assumed conditions: 
Gross cost of system $5,000 
Federal income tax credit 2,000 
State tax credit or 
other incentive 1,ooo 

Net cost of system 2,000 
Electric utility rate per  kWh $0.06 
Owner’s federal income 

tax bracket 25% 
Design life of the machine 
in years 20 

It is further assumed that the elec- 
tric utility rate will have doubled by 
Year 11 and tripled in Year 21, as 
indicated in column B of the follow- 
ing table. Column C is simply 4,335, 
the annual usable production in 
kWh, multiplied by the rate in col- 
umn B. As you’ll note, this rate is a 
key factor, comparable to wind 
speed in importance. Column D is 
the figure in column C divided by .75 
to convert it to the equivalent value 
for someone in the 25 per cent fed- 

eral income tax bracket, since the 
value received in column C can be 
considered to represent tax-free in- 
come. 

A 0  

Utility 
Rate 
Per 

Year kWh 

1 $0.06 
2 ,066 
3 ,072 
4 ,078 
5 ,084 
6 .09 
7 ,096 
8 ,102 
9 ,108 

10 ,114 
11 .12 
12 ,126 
13 .I32 
14 ,138 
15 ,144 
16 .15 
17 .156 
18 ,162 
19 ,168 
20 ,174 

Table 2 
C 

Value of 
4,335 kWh 
at Utility 
Rate 

$260 
286 
312 
338 
364 
390 
416 
442 
468 
494 
520 
546 
572 
598 
624 
650 
676 
702 
728 
754 

D 

Equivalent 
Value in 
25% Tax 
Bracket 

$ 347 
38 1 
416 
451 
485 
520 
555 
58 9 
624 
659 
693 
728 
763 
797 
832 
867 
90 1 
936 
97 1 

1,005 

There are all kinds of ways in which 
different individuals might look at 
Table 2 and proceed with their cal- 
culations. Here are a few. 

(1) This purchaser, who has 
$2,000 in pocket, looks at the wind- 
mill as an investment and uses the 
values in column C. The first year’s 
saving ($260) amounts to a return of 
more than 13 per cent on the in- 
vestment, tax-free. At that rate, even 
if the price of electricity does not 
increase, the system will pay for itself 
in less than eight years. If the utility’s 
price does increase as shown in 
Table 2, the system will pay for itself 
after the sixth year, and the return 
on investment in that year will be 
nearly 20 per cent. 

(2) This purchaser, with $2,000 in 
cash, also looks at the windmill as an 
investment, but chooses to base his 
calculations on column D. The 
value of the first year’s saving ($347) 
represents better than a 17 per cent 
return, and the system pays for itself 
in the sixth year assuming no utility 
rate increase; but if this increase 
takes place, the system will pay for 
itself in the fifth year, and the return 
in that year is more than 24 per cent. 

(3) This purchaser goes to the bank 
and borrows the $2,000 at 14 per cent 
on a four-year home-improvement 
loan. His first four years (with refer- 
ence to column D) look like this. 

252 
Table 3 

Value Payments Net 
Year Received to Bank Loss 

1 $ 347 $ 656 $ 309 
2 38 1 656 295 
3 416 656 240 

451 656 205 4 
$1,595 $2,624 $1,029 
_ _ - ~  

The $1,029 deficit will be wiped out 
by the beginning of the seventh year, 
and the total interest cost of $624 will 
be a deduction from gross income in 
figuring the purchaser’s income tax. 
If the “value received” figures of 
column Care  used, the payback will 
occur during the eighth year. 

Another purchaser might want to 
figure in maintenance and taxes. 
Manufacturers realize that much of 
the industry’s success will depend on 
its ability to produce long-lasting and 
trouble-free machines. For a well- 
designed and well-built system, 
maintenance should consist primar- 
ily of lubrication and replacement of 
minor components after long 
periods of service; it should not be 
too costly. And, as a bonus, in many 
states windmills are exempt from 
property taxes. 

Meanwhile, back at the windmill 
in Madison, Connecticut, what has 
been the performance? As of April 
12, 1980, a year after its installation, 
that was difficult to determine pre- 
cisely. Problems with instrumenta- 
tion resulted in incomplete record- 
ing of average wind speed and 
kilowatt hours produced; the house 
was new, preventing exact compari- 
sons with previous years’ use of elec- 
tricity; and the winter of 1979-80 had 
been somewhat mild. Nevertheless, 
after taking all this into considera- 
tion, Rosemary and Alan Hanks es- 
timated that their windmill reduced 
their electrical bill by at least 50 per 
cent-a saving of about $600 a year. 

A Brief Overview 
This article has dwelt upon the 
Enertech 1500 because it exempli- 
fies what now appears to be the most 
promising trend in wind energy: the 
utility tie-in. The U.S. Department 
of Energy (DOE) has recently 
awarded a $700,000 contract to 
Enertech for a much larger (15 kW) 
machine to be based on the Ener- 
tech 1500 design and built to serve 
farms and small businesses. Many 
other organizations are at work on 
wind machines, including industrial 
giants like United Technologies and 
McDonnell Douglas, as well as a 
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number  of enterprising smaller to ou r  modern needs only careful 
companies. M u c h  of the  impetus is and  imaginative engineering is 
comine from the DOE’S Wind necessarv-in these tieht economic 

Y 

Energ; Program, which is aimed a t  t i r n e s - c h e  figuring. 0 
the full commercialization of wind 
Power and is funding and evaluating 

This is the latest of JOHN PULLENIS many 
articles on sources of energy. In Mas he 

the development of wind systems boosted ‘‘Energy from M&es.” ‘ I  
that  range in output  from one  or two 

and o ther  means) batterv-storage - 
systems will continue to serve many For more information 
remote sites where commercial 
power is not available. Water- 
pumping windmills represent an  ef- 
ficient use of wind energy. They are 
inexpensive; they can  function in 
average wind speeds of 7 or 8 m p h  or 
less; and they allow the energy stor- 
age problem to be solved neatly with 
ponds or elevated tanks. 

Windmills supplied a significant 
amount  of rural America’s energy 
until the federal government, 
through the  Rural Electrification 
Administration, introduced REA 
cooperatives and  low-cost electricity 
to the  farms in the  1930s. Now, in an  
interesting tu rn  of events, federal 
funds and tax subsidies are helping 
to restore windmills to the  land- 
scape. How m u c h  of o u r  electricity 
can the  wind contribute? Perhaps 
only 3 to 4 per cent  of the  nation’s 
generating capacity by, say 1990. But 
to pu t  this into perspective, o n e  es- 
timate has it that  conventional U.S. 
hydro-electric plants-the Hoover, 
Grand Coulee,  TVA, and all o ther  
dams and waterways-will be ac- 
counting for 7 per cent  at that  time. 
In o ther  words, 3 or 4 per cent of the  
nation’s production is a t remendous 
lot of electricity. Ned Coffin, head of 
Enertech Corporation, estimates 
that each  of his Enertech 1500 ma- 
chines, in its lifetime of twenty 
years, could save as m u c h  as 8,000 
gallons of the  fuel oil burned by 
utilities. Equally compelling is the  
availability of wind energy. Nuclear 
Fusion, photovoltaic c:ells, and 
generators powered by the  sun ,  the 
tides, and geothermal heat represent 
cxotic methods whose technical and 
x o n o m i c  feasihility o n  a large scale 
may be decades away. I n  contrast, 
wind power is here now. I t  works and 
has worked for centriries. ‘To adapt it 

DURING THE PAST FEW YEARS wind- 
energy equipment has become much 
more widely available. For the person 
who wonders where to begin a search for 
information, I suggest writing to Wind 
Power Digest, 54468 CR 31, Bristol, In- 
diana 46507, enclosing $2 for the latest 
Wind Access Catalog, contained in a re- 
cent issue. This catalogue lists and de- 
scribes commercially available wind ma- 
chines, anemometers, inverters, storage 
batteries, towers, and accessories, and it 
also provides names and addresses of 
manufacturers and distributors. Wind 
Power Digest, published quarterly, is a 
continuing up-to-date and comprehen- 
sive source of information; a subscrip- 
tion is $8 a year. 

American Wind Energy Association is 
a nonprofit organization serving the 
wind-energy industry, state, local, and 
federal government agencies, academia, 
and the general public. Annual dues are 
$25 for individuals, $500 for educational 
and nonprofit institutions, $1,250 for 
small businesses with fewer than one 
hundred employees, and $2,500 for cor- 
porations and associations. Membership 
includes voting privileges, a monthly 
Windletter, reduced registration fees for 
AWEA conferences, opportunities for 
participation in workshops and other ac- 
tivities, and a subscription to Wind 
Technology Journol (individual members 
may subscribe at a reduced price). A free 
brochure and membership application 
may be obtained from American Wind 
Energy Association, 1609 Connecticut 
Avenue, N.W. ,  Washington, D.C. 
20009, (202) 667-9137. 

Bibliographies and other suggestions 
for reading are available from the Wind 
Systems Branch, Department of 
Energy, 600 E Street, N.W., Washing- 
ton, D.C. 20545, (202) 376-4878. Many 
state departments of energy, resources, 
or conservation can also provide infor- 
mation. 

Data on the Enertech 1500 are avail- 
able from Enertech Corporation, Box 
420, Norwich, Vermont 05055. J.P. 
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I util i ty company? Maybe in your own back yard. Thou- 
sands of wind power enthusiasts a r e  finding t h e  bes t  of 
both worlds: free energy from the  wind, plus t he  I 
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Wind Energy: 

Homeowner Uti I izatio n 
by Rick Nelson 

Adirondack Wind Electric,  Inc. 

Since the  1973 oil embargo, interest  
in wind energy has suddenly been revived 
by conservation-minded ci t izens living in 
windy regions. Windmills designed to pro- 
vide e lec t r ic i ty  to individual homes and 
f a rms  have actual ly  been in use since t h e  
1920's. The 1930's and 40's saw a dramat -  
ic increase in these  small "single family" 
turbines,  especially in rural  a r e a s  fa r  
f rom urban power sources. This t rend was 
reversed upon the  widespread implemen- 
ta t ion of t h e  Rural Electrif ication Act. 
The act brought power to virtually all  
residences nationwide, and t h e  plentiful  
supply of cheap  oil and g a s  to f i re  t he  
nation's power plants brought t h e  days of 
wind power to a close. 

Today, we  st ill have the  power l ines to almost every residence, of course, but  
t h e  price of electr ic i ty  generated from fossil fuels is increasing at a staggering 
ra te .  The reawaklened wind energy industry is addressing this new situation in a 
way never considered in previous decades. Today's wind generators ,  while s t i l l  
owned and operated by individuals, a r e  t ied directly into the  uti l i ty power grid 
system. This unique marr iage between t h e  of ten t imes  conflicting camps  of t h e  
uti l i t ies and the  conservation-minded a l te rna t ive  energy buffs, has  led to a more 
prac t ica l  and modern uti l ization scheme for  wind energy. For example, gone a r e  
t h e  days when costly ba t te r ies  were  needed for energy s torage  during windless 
periods. Now, if t h e  wind does not blow, you automatical ly  use uti l i ty power. 
Conversely, when there  is a s t rong wind and your windmill produces more power 
than  your household can use, you actual ly  sell  t h e  excess  to your local utility. In 
addition, the  new windmills a r e  a l l  AC al ternators ,  eliminating the  need for  special  
c i rcui ts  and appliances required when DC power drawn from ba t te r ies  is used. 

The photograph above shows a 4 kW wind turbine which provides most of the  
power requirements  of t h e  small  home shown in t h e  background. On this and o ther  
homesteads, we  can see a growing awareness  of the  power of wind. 

n 

Reprinted with permission from Adirondack Wind Electric, Inc., Warrensburg, New York. 
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Photovoltaics : 

Milestones Passed, Miles Ahead; 
Sales Chase Wider Markets 
The  pho tovo l t a i c  ce l l  works ( a s  a n y  obse rve r  of 

t h e  manned  s p a c e  f l ight  p rogram c a n  tes t i fy) .  T h e  
ques t ion  r ema ins ,  "At what  cost?" Major indus t r ia l  
r e s e a r c h  e f f o r t s  are focused  on bringing t h a t  cost down, 
and  hardly a week  passes  w i t h o u t  news  of s o m e  new 
breakthrough.  
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Milestones Passed, 
Miles Ahead 

An ingot is grown from molten silicon at Spectrob, Sylmar, Calif. 

By Bill D ‘Alessandro 

6 n 1986 a salesman will call you 
up, offer a photovoltaic system, ‘I and quote a price thlat’s equal to 

or less than your monthly electric bill,” 
asserted Paul Maycock of the U.S. Depart- 
ment of Energy (DOE). “The only con- 
siderations will be those that you make for 
anything else ;hat you buy. ‘How will it 
look? How long will it last? Do I want to 
spend the money?‘ ” 

Maycock’s statement is one way of pin- 
ning down the federal government’s goal to 
have solar cell systems penetrate select 
commercial and residential markets within 
six years. As the man in charge of DOEs 
photovoltaic development program, May- 
cock is accustomed to fielding questions 

Bill DMessundro is editor czf Solar Age 
Muguzine. 

about the federal timetable for economical 
solar cells. What the curious want to know 
most about photovoltaics is “When” and 
“How much?” 

Led by Wall Street analysts, the business 
community has been kept abreast of the 
photovoltaic option for solar energy. 
Arcane advances in solar cell technology 
were reported accurately in the press, when 
Time magazine was confusing the flat-plate 
solar domestic water heating system at the 
White House with a “passive” solar water 
heater, and the Wall Street Journal was ex- 
pressing its bewilderment over a definition 
of a direct gain window proposed by the In- 
ternal Revenue Service. 

The impetus, and perhaps much of the 
confidence, behind photovoltaic technology 
grows out of the hugely successful space 
program of the 1960’s. Solar cells powered 
U.S. satellites and manned space ships, 
and there can hardly be a doubt that public 
perceptions of terrestrial applications for 

solar cells are colored by the record posted 
by the National Aeronautics and Space Ad- 
ministration. 

However, cost was no obstacle in making 
solar cells for space use. The price of 
today’s systems are competitive only for 
limited purposes, like consumer items, 
navigational aids, communications devices, 
and telemetry, and for inhabited sites far 
from electrical distribution lines. But the 
precedent for optimism about photovoltaics 
is deeply rooted in the history of the 
semiconductor industry. The cost of tran- 
sistors has dropped a thousand times below 
the prices paid in the early days of space ex- 
ploration. Up to this point, the silicon 
material used for electronic circuits and the 
manufacturing techniques of the semicon- 
ductor industry have been adopted by 
makers of photovoltaic cells-and with 
modifications, they have slashed the price 
of cell arrays by one-half since the Arab oil 
embargo of 1973-74. With the introduction 
of new processing methods and entirely 
new materials other than silicon, plus the 
promise of savings through mass produc- 
tion for the residential and commercial 
market, the future for photovoltaics is 
bright. 

The rosy picture painted by technologi- 
cal breakthroughs and by pure speculation 
(the stock of Texas Instruments rose $6 in 
two days, after investors learned the com- 
pany was embarking on a four-year effort 
to develop a new silicon cell system) has not 
been overlooked even by average con- 
sumers. Several solar architects report that 
clients have asked for new houses with roofs 
that can accept photovoltaic cells later. 

The price of photovoltaic installations is 
slated to get better and better in DOEs 
plan to foster widespread use of solar 
power. The all-out assault on technical, in- 
stitutional, and social barriers now under- 
way aims at a target only six years OK com- 
mercially Competitive solar cell systems for 
households and medium-sized businesses 
in the Southwest and the Noftheast. By 
1990, according to the current DOE plan, 
solar cells and the batteries and other com- 
ponents needed to generate solar electricity 
could be ready for homeowners everywhere 
in the United States and even for the cen- 
tral station power plants of some utility 
companies. 

DOEs multi-year photovoltaic develop- 
ment plan contains a laundry list of precise, 
time-related technology and cost objectives. 
Expenditures must be $1.3 billion or more 

n 

n 

This article first appeared in t h e  December 1979 issue of SOLAR AGE. Copyright @ 1979 SolarVision, Inc., 
Harrisville, New Hampshire 03450 USA. All rights reserved. Reprinted and published by permission. 



258 

cs 
over the 10 years ending in FY 88, if all the 
goals are to be met seasonably. The federal 
photovoltaic budget for FY 80 has risen to 
$139.7 million, making this the best funded 
solar energy initiative. An extra $10 million 
is available this fiscal year for federal agen- 
cies to buy and install photovoltaic systems 
under a Congressionally sponsored bill to 
stimulate commercial markets in prepara- 
tion for the day when realistically priced 
systems are ready for private purchase. 

But DOE’S schedule of activities and 
milestones over the next 20 years looks like 
a transcontinental bus map-it would fill 
two pages of this magazine-and the plan 
is only a draft, still subject to revision, addi- 
tions, and government approvals. The 
number of stops along the way and the dif- 
ficult route laid ahead make quick com- 
mercial success seem less of a fait accompli. 

DOE has designated the Jet Propulsion 
Laboratory (JPL) in Pasadena, Calif., and 
the Solar Energy Research Institute (SEN) 
in Golden, Colo., as the lead centers for the 
photovoltaic program. SERI will sponsor 
more than 140 research contracts with an 
FY 80 budget of over $38 million. SERI’s 
photovoltaic laboratory will be fully 
operative in a year to evaluate the progress 
of projects that the institute funds. 

JPL focuses on technology development 
and applications. i.e., projects that involve 
improving photovoltaic cells once SEN has 
studied their technical feasibility, and the 
building of photovoltaic components and 
testing of entire systems. JPL is also respon- 
sible for activities at Sandia Laboratories in 
Albuquerque, where concentrating solar 
cell systems are examined. at MIT Lincoln 
Lab, which checks out residential systems, 
at NASA Lewis Research Center in Cleve- 
land, which experiments with stand-alone 
solar cell systems like those being designed 
for remote settlements in developing na- 
tions, and at MIT Energy Lab and 
Aerospace Corp., both of which study the 
economic and institutional issues inherent 
in the use of photovoltaics. 

Leaving aside questions about solar cell 
arrangement, energy storage, and integrat- 
ing complete systems in a power net- 
work-all of which are under study-pho- 
tovoltaic cell research is spanning the whole 
spectrum of topics from fabrication to 
assembly in a finished module. 
ClThe raw material for solar cells is pure 
silicon, an expensive product used in the 
semiconductor industry. It costs roughly 
$65 per kilogram. Battelle Columbus 
Laboratories and Union Carbide hope to 
meet DOES target of $10 per kilogram 
through cheaper production pmcesses. 
There are also federally funded projects 
looking into the production of so-called 
solar-grade silicon feedstock and to ex- 
amine the effects of using this impure 
material in silicon solar cells. 
D V i a l l y  all commercial solar cells are 
made by pulling an ingot from a silicon 
melt and slicing the salami-shaped length 
into paper-thin wafers. More than half of 
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Milestones on the Path to Residen- 
tial and Small Commercial 
Photovoltaic Systems 
1980 
*Technologically, $280 peak watt collectors are 
ready. 
-A decision is made on purchase mechanisms 
to establish systems that can be sold for $6613 
per peak watt. 
-Residential system evaluation experiments are 
initiated. 

1982 - 
*Systems that sell for.SS13 per peak watt are 
ready for sale (provisional on 1980 decision). 
- G m o  go decision on larger-scale residential 
and small-load center application experiments 
in the field 

lm 
*Initiate commercialization activities to 
establish residential and small4oad center 
svstems for sale. 

1984 
*Residential and small-load systems of 61.60 
per peak watt are built and successfully 
operated in an actual user‘s environment. 

1985 
-Gena go decision for residential and small. 
load center commercial readiness development 
woiects. 
~ 

1986 
*Residential and small-load center components 
and systems can be offered for sale at 
economically competitive prices in the 
Southwest and Northeast. 

Roof sldngka using solar cells horn sol- 
Cap, WaLefW& Mass 

the silicon is wasted‘ in shaping, sawing, 
and polishing. Several companies are in- 
vestigating techniques to improve upon ex- 
isting cell gnnving and slicing processes. 

Mobil Tyco. Waltham, Mass., Motorola 
Inc., of Phoenix, Westinghouse Electric 

Corp., and Honeywell Inc., are researching 
various systems to sh-etch the silicon into 
wide ribbons or to coal a ceramic tile with a 
thin layer of silicon held in a vat (Honey- 
well). The processes that bypass the ingot 
slicing system require new materials and 
fabrication devices. 
OOnce manufacturers have a wafer or rib- 
bon. they must form a junction in the cell 
to separate charge carriers. Electrical con- 
tacts are attached, and the cell must be en- 
capsulated to, prevent environmental 
damage. Contracts have been negotiated 
with various companies to come up with 
low-cost methods and materials for the 
tinal fabrication steps. 
CAI1 the steps along the solar cell array 
manufacturing process have to fit together 
in a plant that can be standardized for 
production-line assembly. JPL has 
developed a model called SAMICS (Solar 
Array Manufacturing Industry Costing 
Standards) to help companies choose 
among the processes and equipment, which 
may provide low-cost modules at a 
reasonable profit. Contractors such as 
ARC0 Solar, Texas Instruments, Moto- 
rola, RCA, and Solarex Corp. are prepar- 
ing plans for automated photovoltaic fac- 
tories. 
ClThere are alternatives to the single- 
crystal silicon cell. Polycrystalline silicon 
cells would dramatically lower the cost of 
materials, so experiments have focused on 
making these cells as eficient in converting 
sunlight to electrical energy as thicker 
silicon cells in use today. Some companies 
are gearing up to produce polycrystalline 
cells. 

Activity in silicon devices is also centered 
on amorphous films. which have no crystal- 
line structure and seem to be promising 
candidates for inexpensive cells. High efi- 
ciency amorphous materials for photovol- 
taic cells still must be demonstrated in the 
laboratory. 
C7There are corporations and research 
groups. which are banking on combina- 
tions of materials, and not on silicon, as the 
best option fix commercial cells of the 
future. Cadmium sulfide/cuprous sulfide 
cells promise to be low in cost. and SES 
Corp.. a subsidiary ofshell Oil Co.. Photon 
Power Inc., El Paso. Tex.. and the Univer- 
sity of Delaware’s Institute of Energy Con- 
version have plans for production plants. 

Fabrication methods are being explored 
for gallium arsenide solar cells, which have 
the potential for high conversion efficiency 
and can stand up to higher temperatures 
than silicon cells can tolerate. Gallium 
arsenide is being considered for use in con- 
centrator systems, which focus sunlight 
through lenses onto the cells. 

SERI is exploring high risk concepts 
deemed too expensive and chancy for 
privately funded research. High risk efforts 
include metal-insulator-semiconductor 
cells, multi-junction concentrator cells, 
luminescence converters, electrochemical 



The 25kilowatt concentrator array designed and built by MartinMarietta over the past two years will 
be part of the wodd‘s largest photovoltaic power system for two small villages in Saudi Arabia. The 
array fea;ures Fresnel lenses and silicon cells from Applied Solar Energy Cwp., City of Industry, Calif. 

cells, and amorphous materials other than 
silicon. 
OOn top of the activity in low-axt and ad- 
vanced solar cell research and develop- 
ment, DOE is funding projeth dealing 
with the equipment needed for photovoltaic 
arrays, including power-conditioning units 
and storage batteries. The government has 
spent $7 million on studies to determine 
cost reductions possible in balance-of- 
system equipment. On paper, at least, 
much can be achieved through improve- 
ments in commercially available supplies. 

Personnel who administer various parts 
of the federal photovoltaic prqgram have 
wondered whether the price goals estab- 
lished for the 1980’s are not overly am- 
bitious. Views of analysts within the in- 
dustry and outside it have ranged from very 
dark to glowing. It was a little more than a 
year ago that DOEs hired consultants, 
Booz-Allen and Hamilton, published a 
detailed assessment of the industry and 
concluded that investments in and com- 
mitments to photovoltaics were only 
“marginal,” that the markets for solar cells 
were hazy, and that DOEs strategy for 
systematically reducing the costs of solar 
cells actually hampered an accelerated pro- 
gram for commercialization. Manufac- 
turers were described as hesitant to spend 
enormous sums on production processes 
that would become obsolete in a few years. 

The author of that study, is not as 
gloomy now as he was then. For one thing, 
Michael Eckhart said, production methods 
and cell performances have been improved. 
For another, some companies have raised 
their investment in facilities. 

But Eckhart isn’t sanguine. He said that 
institutional barriers to the use of 
photovoltaics are significant and could 
become of paramount importarice by the 
time competitive solar cell systems are 
ready for the wider marketplace. 

DOEs Paul Maycock echoed Ekkhart’s 
concerns by qualifying his comment that 
photovoltaic systems would penetrate some 
electricity markets by 1986. 

‘‘Those customers in areas with a 
cooperative utility company will have no 
difficulty in purchasing a system,” 
Maycock said. 

The sellback price of electricity 
generated on site and favorable financing 
terms for photovoltaic systems are among 
areas where friendly agreement is required, 
if solar cells are to wind up on the roofs of 
eligible buildings. 

Another perspective on photovoltaics is 
gained by estimates of just how much 
capacity can be deployed by the year 2000. 

The main thrust of federally supported 
work is to nurse the technology along to the 
point where solar cells can displace a 
significant portion of primary fuel, like 
coal, oil, and nuclear energy, now used to 
generate electricity. The guesses of 
photovoltaic capacity 20 years into the 
future range from virtually none to as much 
as 7 quads. (One quad is lOI5 Btu, roughly 
equivalent to three weeks supply of im- 
ported oil at the current U.S. rate.) The 
Solar Energy Domestic Policy Review con- 
cluded that photovoltaics could displace 
from 0.1 to 1 quad of primary energy an- 
nually by the turn of the century. The lower 
0.1 quad estimate implies the existance of 
500,OOO houses equipped with photovoltaic 
systems of 8 to 10 kilowatts each by the end 
of this century, or more than 33,000 in- 
stallations every year starting in 1985. But 
0.1 quad of photovoltaic generating capaci- 
ty is dwarfed by comparison with the total 
energy consumption of the United States, 
which was recorded at about 76 quads in 
1977. The contribution of photovoltaics to 
the total U.S. energy supply will be in- 
finitesimal before the 21st century, if the 
prevailing wisdom of forecasters is ac- 
curate. 

The forecasts have little to do with the 
day to day marketing efforts of a dozen 
photovoltaic cell manufacturers with pro- 
ducts to sell today. And, as cost targets fall, 
the big business in grid-connected photo- 
voltaic systems becomes more tantaliziig. 

Sales Chase 
Wider Markets 

By Allan Frank 

oreign countries remain among the 
most important markets for photo- F voltaics, but the time may not be too 

far off when wealthy American home- 
Owners can have a solar cell-powered 
house. prices of the solar generators have 
been falling rapidly-so much so they have 
outpaced the optimistic projections of the 
Department of Energy (DOE), making the 
devices the only solar equipment to be 
ahead of all expectations in development. 

Still, there are significant problems 
ahead. The plunge in prices will probably 
taper off until manufacturing is automated 
and new materials are introduced in quan- 
tity. Also threatening the industry is the 
prospect of tightened supplies of pure sili- 
con at inflated prices (see Solar Age, 
November 1979). Because photovoltaics 

produce a pollution-free and highly versa- 
tile form of energy anywhere the sun shines 
regardless of climate, the technology is get- 
ting more attention almost dailv. Solar cells 
are being introduced at both remote out- 
posts and downtown offices, and in con- 
sumer products. 

Today most of the solar cell sales are for 
such uses as village power systems, water 
pumping, and communication networks, 
often with the help of the federal govern- 
ment. Late last year, DOE erected a 
3.5-kilowatt system at the Schuchuli Indian 
Village in Arizona for home lighting, medi- 
cine, food refigeration, and appliances. 
Now under construction in two tiny villages 
in Saudi Arabia is a 350-kilowatt system us- 
ing Fresnel lense cover, box-state reflectors 
developed by Martin-Marietta Corp. for 

This a r t i c l e  f i rs t  appea red  in t h e  December  1979 issue of SOLAR AGE. Copyr igh t@1979  SolarVision, Inc., 
Harr isvi l le ,  New Hampsh i re  03450 USA. All r igh t s  reserved.  Repr in t ed  and published by permission. 
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use with concentrator solar cells. 
However, other large projects are not 

U.S. funded. Solar Power Corp., Woburn, 
Mass., has sold Australian National Raiil- 
ways a $5OO,O00 network of solar cell 
modules to power communication lines. 
And Mexico is actively pursuing water 
pumping for irrigation with solar cells (as 
well as solar thermal pumping). 

But it is not just the remote sites that are 
acquiring solar cells. Under construction is 
a 240-kilowatt, utility-interconnected p e r  
plant for the Blytheville, Ark., Mississippi 
County Community College campus, which 
will provide 90 percent of the electricity for 
that facility. It will feature solar concentra- 
tors by Acurex Corp., Mountain View, 
Calif., and cells by Solarex Corp., Rock- 
ville, Md. 

Other government projects include a 
Motorola Government Electronics PV sys- 
tem at an airport in Phoenix, one by E-Sys- 
tems, Inc., Dallas, Tex., and Optical Coat- 
ing Laboratory, Inc., City of Industry, 
Calif., at an airport in Dallas-Fort Worth, 
plus sdar cells for a hospital in Hawaii and 
a corporate headquarters in Albuquerque. 

Still, because most areas in the U.S. are 
served by electric utilities, foreign sales are 
increasing in importance. According to 
Pacific Northwest Laboratories, Richland, 
Wash., the international PV market could 
grow from the present 500 kilowatts an- 
nually to anywhere from 100 to 1,400 
megawatts. Some companies are reporting 
that as much as one-half of their sales are 
going to foreign users, and many of them 
are launching joint ventures with European 
firms to gain entry into lucrative overseas 
markets. 

Dyneer Corp., parent company of Sensor 
Technology, Chatsworth, Calif., signed an 
agreement with CIPEL and SAFD, sub- 
sidiaries of France’s Compagnie General 
DElectricite (CGE), an electronics giant. 
Solarex has sold minority sham to Lemy 
Somer SA of France, Holec of the Nether- 
lands, and unnamed Italian interests (as 
well as to Standard Oil Co. of Indiana). 
Solarex also has a joint venture with 
France’s-Photon SA. Exxon Enterprises, 
which owns Solar Power Corp., has signed 
up with Thompson-CSF for a joint venture, 
and Energy Conversion Devices, Tmy, 
Mich., which has not even begun market- 
ing, has a product development and licens- 
ing agreement with ARCO Solar, Inc. 

As prices continue to decline from the 
present level of 57 to $10 per peak watt, 
there is the growing promise of residential 
applications. Researchers at MIT say that 
when cell prices fall to about $1 per peak 
watt, interconnected systems in the U.S. 
southwest will be competitive with conven- 
tional utility-supplied electricity for home- 
owners. 

But some companies are not waiting for 
that. ARCO Solar thii past June set up a 
solar Cell-powed mobile home on the 
grounds of the Capitol in Washington, 
D.C. Although the 3-kilowatt, $20,000 sys- 

tem ARCO displayed was admittedly too 
expensive and perhaps only half as large as 
neeeSSary to power a home for a family of 
four, ARCO Solar’s president Robert 
Chambers said that a reduction to $5,O00 
would be cheap enough. 

ARCO is looking toward applying poly- 
crystalline solar ceHs or single-crystal sili- 
con, the same as that of its competitors, to 
batten seam metal sheeting used for roofing 
material across the country. And Solarex 
spokesman, Tony Clifford, predicts that 
the first photovoltaic house will be sold on 
the Open market in 1984 or 1985. 

Getting to that market breakthrough will 
surely require new materials and new pro- 
duction techniques. Energy Conversion De- 
vices believes that its amorphous silicon 
cells will eventually produce electricity at 5 
to 10 cents per peak watt. Solarex is plan- 
ning a production facility for its polysilicon 
material that it believes it can “ride right on 
down to 50 cents per peak watt or lower.” 
ARCO Solar also is building an automated 
production facility for its single-crystal sili- 
con cells, and Solar Power Corp., and Sen- 
sor Technology both are beginning to auto- 
mate their manufacturing process. 

Of particular concern are the price and 
availability of pure silicon, which has been 
the most widely used material in the cells. 
Solar Power’s technology development di- 
rector Richard Ardiss points out that until 
recently thii silicon could be purchased for 
$45 per kilogram, based on excess produc- 
tion capacity by silicon processors who sup- 
ply the semiconductor industry. 

But as the surplus dries up, the competi- 
tion for silicon used by manufacturers of 
transistors and diodes becomes more keen 
-hundreds of these devices can be made 
with the same amount of silicon as a single 
solar cell. Prices have shot up to $65 per 
kilogram. Solar Power and other PV com- 
panies are concerned about a shortage in 
the 1980’s. 

With government help and on their own 
initiative solar mll companies and research 
laboratories are looking at cells that pro- 
duce electricity from a bmader spechum of 
light, have liquid junctions, use high tech- 
nology laser annealing and ion implanta- 
tions, and use gallium arsenide, cadmium 
sulfide, or other m a t e d .  

Meanwhile, experimental projects con- 
tinue to grab attention. Stanford Research 
Institute in California has announced a one 
step process that could lead to production 
of solar grade silicon for only one-tweifth of 
its current price, or $5 per kilogram. And 
MIT is developing a way to grow a thiin 
layer of oriented crystal silicon on the sur- 
face of an amorphous substrate in a process 
called graphoepitaxy that could also lead to 
dramatically lower prices. 8 

AUan Frank ir Wushington comapndent 
for Solar Age and &tor of the Solar E m -  
gv InteiQence Report. Silver Springs, Md. 
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Sunshine into Electricity 

As big business g e t s  intc, t h e  pho tovo l t a i c s  f ie ld ,  
t h e  ques t ion  a b o u t  cos t - compe t i t i ve  solar  e l e c t r i c i t y  
c h a n g e s  f r o m  'lif" to "when" and  "who" and  Ilhow". 
G i a n t s  of r e sea rch  and deve lopmen t  a r e  c o m p e t i n g  to 
br ing in t h e  c h e a p e s t ,  most e f f i c i e n t  solar cel l .  H e r e  
t h e  a u t h o r  discusses  s e v e r a l  of t h e  newer  t echno log ie s  
t h a t  show promise.  
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Sunshine into 
- - -- - 

New research bri n& 
solar-cell power closer 
to your roof 

A flood of new devices 
and technology points 
the way to sun-powered 
rooftop systems 
during the 1980‘s 

By JOHN FREE 
LARGE, PA. 

Growing crystalline solar-cell ribbons 
tha t  convert sunlight directly into 
electricity is a n  unexciting, slow- 
motion process. At  Westinghouse’s 
advanced energy systems division 
here, I peeked into a small furnace 
containing white-hot silicon. A gray- 
ish, one-inch-wide ribbon was emerg- 
ing from i t  and a row of other furnaces 
at a barely perceptible four inches per 
minute. 

Westinghouse’s ribbon-pulling pro- 
cess, called dendritic-web growth, was 
a laboratory curiosity several years 
ago. But the  snail-pace ribbon growth 
at this pre-pilot production line near 
Pittsburgh belies the  excitement 
among photovoltaic (solar-cell) re- 
searchers about recent advances in 
dendritic growth. Westinghouse be- 
lieves these new devellopments can 
eventually cut solar-cell1 costs-cur- 
rently a major stumblmg block to 
large-scale cell use-enough for prac- 
tical power generation. 

But Westinghouse can expect in- 
tense competition from other photo- 
voltaic technologies. As a result of the  
1978 solar photovoltaics act, the  De- 
partment of Energy has  undertaken a 
10-year, $1.5-billion effort to develop 
various solar-cell systems. Contracts 
to dozens of institutions and firms 
have produced a n  explosive growth in 
research: Announcements of signifi- 
cant advances and “breakthroughs” 
occur almost every week. 

Automation of production, for ex- 
ample, is tr imming the costs of tradi- 
tional circular cells sliced from ingots 
of silicon, such as the Arc0 device 
shown on the  cover. Another very 
promising technology I observed re- 
cently at RCA Laboratories in Prince- 
ton, N.J. is concerned with thin films: 
cells with layers so skimpy you can 
see through them. 

Still another approach uses concen- 
trators (instead of flat panels of cells): 
optics to focus solar energy and boost 
cell efficiency. And other technologies 
rely on exotic, costly cell materials or 
construction methods tha t  capture 
portions of the  solar spectrum tha t  a re  
usually wasted. 

How significant a re  these develop- 
ments? Can solar cells be counted on 
by the turn  of the century-as experts 
hope-to supply a substantial portion 
of the energy this nation will need? 
I’ve just  visited solar-cell research 
centers around the country to learn 
about recent advances and the  future 
outlook. And i t  is becoming clear tha t  
those in the  field are  bristling with 
new optimism. They are  confident 
t ha t  they will soon reach the old, elu- 
sive goal of producing solar cells t ha t  
can turn  solar energy into electricity 
at a cost t ha t  makes i t  practical. 

Ribbons vs. wafers 
Today, the high cost of solar cells 

makes them practical only for applica- 
tions such as powering isolated 
communications stations or producing 
electricity in countries with limited 
conventional utility power. That’s be- 
cause almost all such cells a re  made 
by slicing thin wafers cut from so- 
called Czochralski silicon ingots. This 
produces reliable, high-efficiency so- 
la r  cells of the type used by space sat- 
ellites and in a few specialized land- 

A Motorola researcher uses a pair of focused 

based applications. But a lot of expen- 
sive single-crystal silicon is wasted as 
wafers a re  cut  from ingots, polished, 
and cleaned. So the cells produced are  
expensive-perhaps 10 times too ex- 
pensive to compete with conventional 
forms of electrical generation. 

T h e  W e s t  i n g h o u  s e  d e n d r i t i c -  
growth approach promises to bring 
down the production cost of solar cells 
drastically. 

The present, essentially hand-oper- 
ated line is really a learning tool. This 
year it’s expected to turn  out cells 
capable of providing 27 kilowatts 
(kW) of power-about half i ts  full 
capacity. 

Raw material for the  ribbons is a 
nearly (99.999 percent) pure polysili- 
con tha t  costs about $100 per kilo- 
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carbon dioxide laser beams to melt polysilicon. A large-grain ribbon of silicon (upper right) is pulled for use with solar cells. 

gram. The gray, metallic polysilicon 
ingots are sliced into tiny pellets and 
fed continuously into furnaces. A seed 
filament crystal fixed to a belt on a 
large spool is  lowered into the vat  of 
molten silicon. Then, with controlled 
movements and temperature changes, 
the  crystal magic starts. 

The filament crystal widens as  i t  
“grows,” and narrow filaments or den- 
drites at i ts  edges poke into the hot 
silicon. As the  seed pellet is pulled up, 
the  dendrites continue to grow. A 
smooth web of single-crystal silicon 
six thousandths of a n  inch thick also 
forms between the  dendrites-like 
soap film between a pair of wires. 
From 1977 to 1980, Westinghouse 
researchers accelerated by 10 times 
the  maximum ra te  at which this crys- 

tal ribbon can be grown-to 10 inches 
per minute. 

Was there a key development or 
technique responsible for this major 
gain in ribbon growth rate? “It was 
the computer,” Dr. Dan Muss, head of 
Westinghouse’s silicon-cell research, 
had told me earlier in New York. “It 
was our ability to model the  growth 
process by computer and optimize the 
temperature shields.” These metal 
shields just  above the  molten silicon 
regulate ribbon cooling. Using ordi- 
nary cut-and-try design methods, 
Muss said, would have taken signifi- 
cantly longer. 

Once a long silicon ribbon is pulled’ 
from a furnace onto a spool, several 
additional steps are  required to make 
a solar cell. I watched a technician use 

a laser to cut off the dendrites from 
ribbon sections. Next, the  mirror-like 
pieces of crystal silicon undergo a 
chemical diffusion and baking pro- 
cess. 

This diffusion step creates two dif- 
ferent semiconductor layers-silicon 
“doped” with phosphorus on the  front, 
silicon with boron on the  back of the 
ribbon. Light striking the  front frees 
electrons near the  junction of these 
two layers. 

Instead of the  diffusion step I saw, 
which involves baking the  cells in a n  
oven, semiconductor impurities can 
be added to the  silicon much faster 
with a high-energy ion beam. Slam- 
ming boron o r  phosphorous ions into 
the silicon is more efficient, but  i t  

Continued 
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damages the cell surface. This re- 
quires a baking stage for repair. 

But for later mass production, Wes- 
tinghouse could adopt a new tech- 
nique discovered by the Dutch that 
doesn’t involve delays for baking. The 
Institute for Atomic and Molecular 
Physics near Amsterdam revealed 
that a low-cost laser can quickly re- 
pair the surface of silicon crystals af- 
ter bombardment with iom. This bom- 
bardmenulaser-healing process could 
take place in one vacuum chamber, pro- 
viding the required semiconductor lay- 
ers for development of electron charges. 

Add cell electrical contacts, and 
these electrons can flow through a 
load and perform work--just like a 
chemical cell battery lighting a 
bulb or running a DC motor. Westing- 
house coats the rear of its, cells with a 
metal contact and etches a computer- 
designed, fan-shaped metal grid on 
the front. The cells are also coated 
with an anti-reflection layer to cap- 
ture more sunlight and boost sun- 
light-to-electrical conversion efficien- 
cy by 50 percent. 

Cell efficiency is critical. The cost of 
cells is only 15 to 20 percent of the cost 
of a complete system. So low-efficien- 
cy cells (under 10 percent) require 
more cell area and costly panel 
materials; this makes them uneco- 
nomical. Westinghouse has achieved 

spectacular efficiency results: 16 per- 
cent, with 18 percent conversion effi- 
ciency expected shortly. 

“In production, with cell efficiencies 
up to 18 percent, overall solar-panel 
efficiency should be about 16 percent,” 
said George Hardigg, vice president of 
the firm’s advanced power-systems 
division. “That exceeds the DOE goal 
of 12.9 percent by a significant mar- 
gin.” A square foot of panel could 
deliver about 16 watts (peak) of elec- 
tric power on a clear day at noon. 

When I visited Westinghouse’s 
small pre-pilot line, technicians were 
preparing to build their first large 
panel. It contains 196 cells, is 16 by 48 
inches, and produces 60 watts at 30 
volts DC. The small cells are matched 
for electrical properties and hand- 
wired into place. 

But by 1984 Westinghouse is com- 
mitted to building a new semi-auto- 
matic line for annual production of 
panels that can deliver one megawatt 
(1,000 kW) of electricity. In 1984 the 
firm will also start designing a fully 
automated production line with a 25- 
MW capacity. By then, the company 
hopes to be using a low-cost grade of 
polysilicon (about $10 per kilogram). 

“Considering the high efficiency 
achieved and lower production cost for 
dendritic web, the DOE 70-cent-per- 
watt goal (in 1980 dollars) may be 

achieved or improved upon by 1986,” 
said Hardigg. “By the late 1980’s den- 
dritic growth is not going to be a tech- 
nological curiosity, but a real source of 
electricity,” says Bob Maxwell, direc- 
tor of division solar programs. 

That 70-cent-per-watt figure quoted 
by Hardigg refers to celI-module cost. 
The DOE 1986 goal for a complete 
solar-panel system is $1.60 to $2.70 
per watt-figures experts believe are 
practical for some residential uses. In 
the 199O’s, DOE’S goal is for a 15- to 50- 
cent-per-watt module and $1.10- to 
$1.30-per-watt completed-system 
cost. While estimates vary, at these 
reduced costs solar cells might supply 
six to 12 percent of residential electri- 
cal power by the year 2000 and up to 
four percent of the nation’s total 
demand for electricity. 

What would it cost you to build a 
complete home solar-cell system to- 
day with commercial components? Dr. 
Muss, using a $12-per-watt figure for 
modules (big-volume purchases would 
be less), estimates $120,000 just for 
cells. A complete, wired, 10-kW sys- 
tem (including a solid-state power 
conditioner to convert the DC output 
of cells into AC for appliances) would 
cost $150,000 to $200,000, he esti- 
mates. 

Workers at the production facility 
here have a frequent reminder of a 

~ 

Rooftop solar-cell system om Phoenix, Ariz. home, which is one of many under test by the DOE, has a seven-kilowatt capacity. 
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similar but competing cell technology: 
wafers cut from Czochralski silicon 
ingots. To monitor the quality of poly- 
silicon shipments, an ingot is “grown” 
from each order. Then silicon wafers 
are prepared with the same methods 
used by the semiconductor industry 
and 95 percent of solar-cell firms. An 
inescapable disadvantage of this cell- 
preparation method is the waste of 
precious single-crystal silicon as wa- 
fers are cut from ingots, polished, and 
cleaned. 
Thin-film cells 

At RCAs Princeton, N.J. research 
laboratories I saw cells being made 
that require far less silicon-which is, 
incidentally, the second-most abun- 
dant element on earth (after oxygen). 
RCA and researchers elsewhere are 
devising ways of depositing incredibly 
thin layers of silicon-under one mi- 
cron (millionth of a meter)-on metal 
and glass substrates. 

Walk into several equipment- 
packed RCA labs and you’ll detect the 
acidic, darkroom odor of development 
chemicals. You’ll also hear the peri- 
odic click of relays, followed by 
whooshes of compressed gas. The gas 
comes from tanks labeled silane, phos- 
phine, and diborane. As it’s needed, 
the gas is precisely metered into 
chambers and subjected to either a 
strong radio-freque2cy (RF) field or a 
high DC voltage. 

The ionized plasma created forms 
ultrathin layers of so-called amor- 
phous silicon [“Semiconductors Made 
from Glass,” PS, April ’781 .on a sub- 
strate. This silicon has a chaotic atom- 
ic structure like that of glass instead 
of the orderly arrangement of atoms 
in single-crystal silicon. The most 
important gas is silane (SiHJ, a com- 
bination of silicon and hydrogen. By 
varying how the silicon is “doped” 
with the other gases and how it’s 
deposited, a tremendous variety of 
solar cells can be made. 

So far, both RCA and Energy Con- 
version Devices (in Troy, Mich.) have 
made cells with conversion efficien- 
cies just over six percent. Dave Carl- 
son, who has pioneered amorphous- 
silicon work at RCA, seemed confi- 
dent that efficiencies can be pushed 
steadily higher. One advantage to 
making amorphous-silicon cells, Carl- 
son told me, is that less energy is 
required: Gases need be heated only to 
between 200 and 350 degrees C versus 
the 1,410 degrees C needed to melt 
polysilicon. Also, of course, far less 
silicon goes into thin-film cells. 

“Research in the field of amorphous 
semiconductors is presently in a dy- 
namic phase involving a succession of 

new discoveries and concepts,” Carl- 
son notes. He said the Japanese are 
moving quickly to produce this new 
type of cell. To dramatize the point, he 
handed me a new, light-powered 
Sanyo calculator with an amorphous- 
silicon cell. 

Later, in Dr. Joseph Hanak’s RCA 
lab, I discovered other advantages to 
thin-film technology. I was curious 
how large the cells could be made. 
“We intend eventually to go to this 
size,” Hanak said, gesturing to  the 
surface of a medium-size table before 
us. Moreover, mammoth cells like this 
could be formed in an automated oper- 
ation requiring only six minutes. 

Hanak passed me a pocketbook-size 
version of these huge silicon cells of 
the future. Formed on a glass sub- 
strate, its thin translucent layers 
appeared orange when heid up to a 
window. Instead of a metal grid on its 
front surface, this cell had a translu- 
cent metal oxide layer. Hanak then 
connected a portable radio to the cell 
and operated i t  with sunlight. 

Conventional single solar cells can’t 
produce the voltage necessary for such 
a demonstration. But the amorphous 
silicon can be deposited as a series of 

6 6 One 12-cell module 
uses Fresnel lenses to 
focus the equivalent of 
400 suns on cells 9 1  

parallel, connected strips, created 
with photolithographic techniques 
such as those used to make complex 
integrated circuits. This produces a 
solar-cell panel in one fabrication 
sequence. 

Another potential advantage to 
thin films is that several types of lay- 
ers can be “stacked” one atop the oth- 
er, Hanak said. “The idea behind 
stacked cells is one of matching differ- 
ent ranges of the solar spectrum to 
band gaps of the cell.” But so far, 
anticipated gains with this technique 
have not materialized. RCA is also 
looking at a technique of capturing 
sunlight that passes through thin- 
film cells with parabolic reflectors, 
then using i t  to heat fluids. 

Many other organizations are in- 
vestigating thin films. Last summer, 
the University of Delaware’s Institute 
of Energy Conversion announced that 
i t  has produced a thin film ,with 10 
percent efficiency using different 
materials: cadmium-zinc sulfide and 

copper sulfide. The institute, with 
financial help from Chevron Research 
Co., is developing the technology 
needed to mass-produce these thin- 
film cells. 

Yet while many researchers are 
struggling to achieve 10 percent con- 
version efficiency, several contractors 
for DOE are working on advanced cell 
designs for a spectacular 30 percent 
efficiency. Varian Associates (in Palo 
Alto, Calif.), for example, devised 
a lab setup that uses a selective filter 
to break sunlight into red (long wave- 
length) and blue (short wavelepgth) 
components. Selected silicon and gal- 
lium arsenide cells then achieved 28 
percent conversion efficiency. 

Under a Sandia National Laborato- 
ries contract, Varian Associates also 
built a 12-cell solar module that uses 
Fresnel lenses to focus the equivalent 
of 400 suns on cells. The gallium arse- 
nide cells achieved a 16.4 percent con- 
version efficiency and delivered an 
impressive 100 watts of DC power. A 
side benefit is the thermal energy 
from water used to cool the cells in the 
67-pound module, which is designed 
to track the sun. 

Meanwhile, Bell Telephone Labora- 
tories in Murray Hill, N.J., which 
invented the first practical silicon 
solar cell in 1954, has made signifi- 
cant improvements in liquid-junction 
cells. These devices, which combine 
liquids and solids, promise easier con- 
struction, less-expensive materials, 
and potentially longer cell life. But 
most liquid-junction cells tend to be 
destroyed by surface corrosion caused 
by intense light. With the Bell Labs 
device, sunlight actually enhances its 
longevity. 

“Our cell uses indium phosphide as 
a photocathode, and with future 
materials specifically designed for liq- 
uid-junction cells, these devices could 
cost much less than single-crystal sil- 
icon cells,” says Klaus Bachmann, a 
member of the research team. 

“We are very excited about this new 
cell,” says Adam Heller, head of Bell 
Labs’ electronic materials research 
applications. But he adds a cautionary 
note voiced by other researchers: “It 
should be emphasized that even major 
research breakthroughs today could 
not be expected to make a significant 
contribution to the nation’s energy 
needs for some time.” la 

FOR FURTHER READING 
Solar Energy in  Review, issued by the Solar Energy 
Research Institute. Golden CO (has a good photovol- 
taics ovewiew chapter by David Redfield of FICA Labs). 

So/ar Energy Technology Handbook, William Dickin- 
son and Paul Cheremisinoff, eds.. 1980. Marcel Dekker. 
Inc., 270 Madison Ave, New York NY 10016 (has three 
chapters on solar cells in Part A). Price: $85. 

Edmund Scientific, 101 E. Gloucester Pike, Barrington 
NJ O W 7  (offers basic books on solar cells, hardware). 
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Energy from Space 

Often dismissed as a grandiose  and imprac t i ca l  
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SPACE AND THE CIVIL ENGINEER 

Energy from space 

By 2030, some 30% of US. 
electricity could come from the 
sun via a solar power satellite. 
Although this concept may seem 
more science fiction than fact to 
some, both the government and 
private industry are currently 
researching various aspects of 
building such a satellite in deep 
space. Not the least of the 
questions to be answered are 
costs, environmental effects 
and, ultimately, whether or not a 
satellite is a viable energy 
source. 

ANN SELTZ-PETRASH 
CIVIL ENGINEERING 

ITS A B I R D .  . . ITS A PLANE . . . it's a 
supersatellite-beaming electricity from 
space to your house. As recently as 10 
years ago, this idea was farfetched. Now, 
however, the Department of Energy 
(DOE) and the National Aeronautics and 
Space Administration (NASA) along with 
50 contractors, are involved in a complex 
program to evaluate the potential of the 
solar power satellite system (sps). 

The sps is a satellite-a solar array 
orbiting above earth with a microwave 
transmitter. The array is composed of 
photovoltaic solar cells which convert 
sunlight to electricity. The electricity is 
then converted to microwave energy and 
beamed to earth. The earth receiver- 
called a rectenna-reconverts the energy 
to electricity (with an efficiency rate of 
83%) and feeds it into a conventional 
power grid. 

The projected cost to produce this elec- 
tricity is 4-7#/Kw hr which, according to 
estimates from the Edison Electric Insti- 
tute, would be competitive with projected 
costs of nuclear-produced electricity (6- 
9#/Kw hr). The technology more or less 
exists to plan, build and operate the satel- 
lites, each of which would probably pro- 
duce 5 times the power of a big new 
powerplant (fossil fuel or nuclear). 

The key questions are first the cost: as 
much as $74 billion for technology verifi- 
cation, research and development, cre- 
ation of a prototype and heavy launch 
vehicles, and building the first satellite 
and rectenna. Second, the environmental 
concerns are serious, far reaching, and as 
yet little understood. 

Why collect sunlight in space rather 
than earth? First sunlight in space is 

almost continuous, providing baseload 
power with minimal storage required. 
Second, four times more solar energy is 
available in space than at most earth loca- 
tions. Third, 60 orbiting satellites could 
produce 300 GW of electricity with mini- 
mal environmental disruption, minimum 
maintenance requirements and require no 
energy to operate. (A gigawatt is a billion 
watts.) The sps in combination with 
ground collection could provide as much 
as 60 to 70% of our electricity needs in 
the next century and could help avoid 
U.S. dependency on nuclear power. 

The sps concept was developed by Dr. 
Peter Glaser (a Vice-president of Engi- 
neering Science at Arthur D. Little) in 
1968 and patented in 1973. Since that 
time it has been studied by both the DOE 
and NASA, and, under contract to those 
agencies, a host of aerospace and solar 
energy concerns. 

The sps conceptual design now in use 
to evaluate technical, environmental, eco- 
nomic and societal problems is a solar 
array 6.5 mi x 3.3 mi x 550 yd with a .6 
mi transmitting antenna. The array is 
composed of 128 bays (780 x 780 yd ea.) 
of solar cells-more than 400 million 
solar cells (see diagram). The array (sat- 
ellite) should orbit 22,300 mi above earth 

Copyr ight  0 1979, Amer ican  Society of Civi l  Engineers.  Repr in t ed  f rom CIVIL ENGINEERING Magazine ,  Ju ly  
1979, with permission. All  r i gh t s  reserved.  
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(a) Typical E-GW satellite 
composed of 128 bays 

(780x180 yd ea.) 

I ’  fc) Each solar blanket is 

I -  (4 Each panel IS made of 

(4 Typical silicon solar cell 
has grooves to retract 

sunlighl around conductwr 

Fig. 1. Solar power satellite; one NASA proposal for the design of the solar power satellite. This 
design uses silicon solar cells (e); another possibility is gallium cells which require a different satellite 
design. Solar cells produce electricity from sunlight. Electricity is then converted to microwave energy 
and beamed to the rectenna on earth (lower left), reconverted to electricity and fed into a 
conventional power grid. The satellite would probably orbit in geosynchronous orbit (22,300 mi above 
earth). At  right are components of the orbiting solar array. 

The satellite contiguration is slightly different from the first concept proposed by Or. Peter Glaser. 
In his design, the microwave transmitter is in the center of the solar array. Satellite design above has 
transmitting antennas on each end. Antennas may be directed at ground stations a half a continent 
apart. Twin transmitters may be convenient to balance the satellite and reduce orbit-keeping 
propellant requirements. This arrangement may also be advantageous to the earth power grid 
operation. 

which is opaque to microwave energy but has 80% optical transparency and many half-wave dipole 
antenna elements which collect microwave energy and feed it .to Schottky barrier diodes for 
conversion to d.c. power. Test conducted at NASA’s Jet Propulsion Laboratory demonstrate 
reception efficiency of prototype rectenna elements at 83 %. 

/ f a  total failure occurs at eith,er the rectenna or microwave transmitter, the total beam would be 
defocused. Thus the power level would be reduced to 0.003 m W/cm? (natural solar flux at ground 
level is about 100 mw/cn?; microwave oven door seals are permitted leakage as great as 5 mW/cn?). 

The rectenna is a series of panels with a structural support system, wire mesh screen ground plane 

in geosynchronous (CEO: always above 
the same point on earth) equatorial orbit. 
The panels would always face the sun; the 
microwave transmitter would always face 
the earth rectenna. Sunlight in CEO is 
almost continuous, but some storage fa- 
cilities would be necessary because there 
are two 72-min eclipses a year. 

Technologically, design of much of the 
hardware required is understood, al- 
though the scale is much larger than 
anything attempted previously (21.5 
square miles for the array). The satellite 
structure would be too large to build on 
earth and launch. The first satellite would 
be assembled in space (of lightweight 
materials, probably stored at work sta- 
tions in low earth orbit (LEO). Materials 
would then be towed to CEO by the as yet 
to be developed space tug, and satellites 

built. Building in space has its advan- 
tages: there is very little stress for which 
to compensate; the structure does not 
have to be particularly strong to support 
the panels because everything is weight- 
less. Finally, there is no active environ- 
ment (snow, ice, wind, rain) to affect the 
structure, although there is active radia- 
tion. 

Before addressing building problems, 
the problem of launching that-much ma- 
terial into space must be solved. It will 
require a reusable vehicle with a payload 
of approximately 465 tons (compared to 
the 32.5-ton payload of the Space Shut- 
tle). To put the material and workers for 
the first satellite into LEO would require 3 
launches per day for one year. Much 
construction would be by remote control 
from the Space Shuttle (or related vehi- 

cle), but some 400 space construction 
workers may also be necessary. One im- 
portant advance that makes constructing 
in space conceivable is the beam builder 
(see article on space structures). This 
machine (for which three prototypes now 
exist) creates beams from cassettes of 
rolled metal or graphite/resin composite 
material. 

Once operational, a solar satellite could 
have, according to Glaser, a working life 
of Several hundred years. Electricity pro- 
duction for each satellite in the design 
now in use is 5 gigawatts per satellite. 
(The largest nuclear plant produces 1 
GW). The capital investment costs per 
kilowatt hour for electricity produced by 
solar power satellites (assuming that costs 
of materials transportation and produc- 
tion are reduced) is estimated to be 
$1500-3000/Kw hr (with the first satel- 
lite on-line in 2000). This compares to 
$1400/Kw hr for a nuclear (fission) plant 
ordered today and on-line in 1985. These 
costs are all estimates, but the order of 
magnitude is thought to be accurate. 

Major problems: cost and environment 

A recent DOEINASA report (“sps Con- 
cept, Development and Evaluation Pro- 
gram Plan,” DOE/ET-0034) states “Pre- 
liminary economic analysis suggests that, 
if cost targets are achieved for the SPS, 
then both on an investment and time-and- 
energy cost basis, the SPS would be com- 
petitive in the post-2000 time frame. 
However, the program would require a 
heavy front-end investment in order to 
achieve first demonstration plant-and 
this will be expended whether or not the 
sps . . .” is ever built. 

What amounts of money are involved? 
The scale of expenditure is almost beyond 
imagination. Glaser estimates as much as 
$74 billion investment (over the next 20 
years) before the first 5-GW satellite 
would begin beaming energy down. Some 
of that $74 billion would break down as 
follows: $5 billion for technology verifica- 
tion; $43 billion for-research and develop- 
ment; $12 billion for the first satellite and 
ground receiver-plus development of a 
heavy load launcher, space tug and other 
mechanical and nonmechanical require- 
ments. 

By way of comparison, the capital 
investment of privately owned utilities 
(according to the Edison Electric Insti- 
tute) in 1978 was $30 billion to increase 
electricity production by 22.8 GW. The 
$74 billion expenditure to develop and 
launch the first sps (and rectenna) would 
be spent over a 20-year period and would 
yield 5 GW. Each additional 5 GW satel- 
lite and rectenna would cost about $12 
billion. Advantages of the solar power 
satellite are a very long working life, no 
earth pollution, and no fuel needs. And, 
of course, SPS figures assume inflation 
because the first satellite would be built 
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in 2000; the Edison Electric figures 
reflect only 1978 dollars. 

The second set of questions about solar 
power satellite systems is environmental 
and societal. Briefly, the environmental 
concerns under study,are 
0 microwave h&lth.and safety: will low- 
level microwave radiation affect people, 
plants or animals? What radiation levels 
are acceptable? 
0 nonmicrowave health and safety: effect 
of prolonged weightlessness on space 
workers, effects of repeated launch accel- 
erations on humans. 
0 atmosphere: effect of regular launches 
on ionosphere, stratosphere and tropos- 
phere. Effect of microwave beam on 
atmosphere. 
0 communications: will communications 
be affected by microwave beams? Will 
on-board computers of orbiting satelites 
be altered by microwaves? 

Societal concerns are: 
land requirements: cost and amount of 

land needed for rectennas (6 to 8 mi) and 

how to integrate this power system with 
existing power grids. 
0 resources: material requirements, such 
as gallium, and tungsten, must be esti- 
mated along with cost to extract, energy 
to extract and which minerals, if any, 
might be depleted by a mammoth SPS 
building program. 
0 international aspects: first order of 
business is to establish worldwide micro- 
wave exposure standards; second is to 
agree to the frequency of the microwave 
transmission. Third, the problem of own- 
ership in space must be settled. Some 
nations maintain “property rights” ex- 
tend above their country into space. 
Fourth, the governing structure must be 
agreed to. Many people think that any 
system this large and centralized must be 
internationally owned. A likely model 
would be Intelsat, a consortium of 102 
nations formed to buy satellite services. 

Finally, although not least, is the issue 
of public acceptability. While there is 
opposition, there are no strident foes of 

A close-up view of mid-point of a solar power satellite. SPS would be built from a space shuttle 
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solar power satellites. There are, however, 
many people who are wary of centralized 
power generation, of the cost, of the envi- 
ronmental dangers (see Box). DOE hopes 
to hold discussions to provide information 
and (when possible) answers. 

What’s in it for civils? 

Most of the technological problems 
facing the SPS are engineering-related. 
One is the structural dynamics of erect- 
ing a huge (21.5 mi*) structure with a 
light mass in a weightless environment. In 
addition, once built and in place, the SPS 
must be kept facing the sun, so a sy-&em 
of attitude control must be included. 

A second challenge is mass-producing 
the necessary solar cells, microwave gen- 
erator and structures. According to Carl 
Schwenk (SPS Systems Definition Divi- 
sion, NASA), the technologies are under- 
stood, but the scale of the satellites and 
the number that would be built (60 5- 
G W  satellites) is very large and the struc- 
tures must be light and comparatively low 
cost. 

According to Glaser, however, the big- 
gest challenge for civils is on the ground. 
The rectennas will be very large, much 
larger than any existing antennas. These 
structures, Glazer says, cannot rely too 
heavily on steel and concrete. And they 
must be built in such a way that underly- 
ing land is usable for solar collectors, 
storage facilities, agriculture, etc. The 
design will prevent any microwave radia- 
tion under the rectenna. In urban, coastal 
areas, rectennas may be floated in the 
ocean, involving another set of engineer- 
ing problems. In short, these rectennas 
must be cost effective, have minimal envi- 
ronmental impact and be of a design that 
allows multiple use of the land. 

Also, if the SPS program continues 
until the first satellite begins sending 
electricity, the next step would be a 
massive construction project. This would 
involve building two satellites and recten- 
nas per year (cost: $24 billion, perhaps 
less as mass production economics takes 
over). The total output estimated is 300 
GW. Very many ground facilities would 
be needed to support such a construction 
program, including airports (from which 
to launch materials and to which launch 
vehicles would return), landing fields, 
storage facilities, rectenna factories. In a 
sense, a new space freight line would be 
created to move materials and people 
back and forth from low earth orbit, 
(LEO) and eventually, back and forth 
from LEO to geosynchronous orbit 
(GEO). 

Next step: more decisions 

By the summer of 1980, the Depart- 
ment of Energy will issue a summary on 
the feasibility studies to date. If there are 
no cost, environmental or societal reasons 
not to procede says Fred Koomanoff 
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A drawing of SPS composed or’ photovoltaic cells and transmitter. 5 GW of electricity is produced by this 3.3x6.5 mi array orbiting 22,?2.300 mi above earth. 

(project manager for the SPS program) 
then DOE will request additional research 
funds. Next step, in the 1980s, would be a 
ground-based exploratory program in- 
cluding concept studies and technical 
evaluations designed to answer questions 
such as will the. microwave beam behave, 
will the structure work, whai should the 
composition of the photovoltaics be? 

In 1985, another major review would 
take place. If the program continues, 
flight experiments would begin. A proto- 
type would be developed in the early 
1990s; first launches of material could 
begin in 1990 with expected operations to 
begin in 2000. 

BPS research is good investment 

Funding for the SPS at this point is on 
the order of $8 million per year. Funds 
are allocated from DOE and NASA’s opera- 
tional budget. Currently, there is a bill to 
allocate an additional $2S million/year 
expressly for solar power station research 
and experimentation. The bill, sponsored 
by Representative Flippo (D., Alabama) 
has passed the House of R.epresentatives 
and is now before the Senate. If that 
money is allocated, exploration process 
would move more quickly. 

What if the satellite is never built? 
Millions of dollars may have been spent 
only to learn the system is not feasible. 
Right now, says Koomanoff, “I would 
have n o  problem justifying the expendi- 
ture for research and evaluation of the 
SPS. The microwave research alone is 
worth the money. We are g,athering infor- 
mation that is needed for other projects 
. . . one of which is the elTect of micro- 

wave energy (produced by appliances and 
high voltage transmission lines, among 
other sources) on plants, animals, people 
and machines. At this point, the U S .  has 
no microwave standards, nor does the 
scientific community know if the stan- 
dards set by the Eastern Europeans are 
adaptable.” 

Another benefit will be the informa- 
tion compiled on health and safety re- 
quirements of space travelers and work- 
ers. With the launch of the Space Shuttle 
expected in early 1980 (see “NASA’s reus- 
able link with space,” p. 58) space travel 
for more than a few people is no longer a 
dream. There may be health effects not 
yet known. 

The methodology that DOE is develop- 
ing to compare large-scale systems by 
incorporating all factors, not just dollar 
costs, will be, says Koomanoff, an impor- 
tant contribution. In the future, he says, 
most large-scale programs will be evalu- 
ated in a comprehensive manner. This 
methodology (more complex than a com- 
puter model) will allow comparison of 
many factors without putting dollar val- 
ues on environmental/societaal effects. 

The information gathered on materials 
availability, necessary in order to com- 
pute actual cost of the solar power sys- 
tem, will be as applicable to any new 
system or product using those materials. 
And once in place, the information-gath- 
ering mechanism can be applied to any 
materials. 

Finally, there are the advances being 
made in photovoltaic research. This re- 
search, according to Koomanoff, will 
push the state of the art. Whether or not 

the SPS is ever built, photovoltaics are an 
already proven means of collecting ener- 
gy from the sun. Up to now, one of the 
major drawbacks of solar energy has been 
the high cost of the solar collectors. 
Research may show how to cut costs. 
In summary 

It is difficult to talk with those working 
on SPS research and read their reports and 
keep any perspective on the solar power 
satellite system. The idea is fantastic, the 
costs phenomenal the societal and envi- 
ronmental assessments required complex 
and far reaching. 

Still, slightly more than 20 years ago, 
the idea of space travel was more fantas- 
tic-required a greater stretch of the 
imagination. Also the total costs of elec- 
tricity produced by conventional means 
(oil, coal, nuclear) are fast growing. 

Asked if this project was comparable to 
the 196 1 mandate given to NASA to land a 
man on the moon, Carl Schwenk said, 
“The difference is that our mission in the 
1960s was to land a man on the moon- 
any safe way we could. Now, our mission 
is to solve the energy problem in the most 
safe, efficient and economical way. The 
problems we overcome in the former did 
not require so great a technological 
stretch as do the energy problems we now 

Metric conversions 

Following is a list of factors for con- 
verting measurements to the Internation- 
al System of Measurement: 1 ft = 
0.305m; 1 mi = 1.6 km; 1 mi2 = 2.5 km2; 
1 yd2 = 0.836 m2; 1 ton = 907.2 Kg. 

face.” 0 
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Solar power satellite-does it have a future? 

c3 
The solar power satellite (sps) concept 
made its public debut in 1968 when 
Dr. Peter Glaser presented a paper at 
an energy meeting in Boulder, Colora- 
do. Most of his colleagues, says Glas- 
er, found the idea “imaginative.” 

Eleven years later, the concept is 
still mindboggling to most people: col- 
lect sunlight in space, beam it to earth 
as microwave energy, convert it to 
electricity and feed it into a conven- 
tional power grid. The collectors 
would cover about 21.5 square miles 
of space; the ground receiver would be 
about 6 x 8 miles. 

How did Glaser come to conceive of 
the SPS? When he joined Arthur D. 
Little in 1955, he worked on a variety 
of solar projects. In the early  O OS, 
Glaser’s work was mostly space-re- 
lated. The space program, says Glaser, 
made him aware of what space offered 
and the energy-producing possibilities 
of constant sunshine. 

Finally, he says, “I put two and two 
together and decided the only way to 
produce baseload power-that is to 
say continuous power-was to go 
where there was continuous sun: 
space.” (Ground collectors are not a 
continuous source of power and in- 
volve some fairly complex storage 
problems, according to Glaser.) 

In 1972, Glaser began work with 
three companies with a commercial, 
interest in space development. He pat- 
ented the design concept for the solar 
power satellite system in 1973 and in 
1974 the team delivered its first feasi- 
bility report. 
Federal role in -8 research 

There now is a $8 million/year 
Department of Energy (DOE) program 
to evaluate the feasibility of the SPS. 
Fred Koomanoff, head of the Solar 
Power System Project Office at DOE 
has overall managerial responsibility 
for the project. NASA is evaluating the 
hardware/systems aspects for DOE and 
there are 50 additional contractors. 
Says Koomanoff, “We consider our- 
selves to be similar to a high-risk 
venture capital group working within 
a large corporation. It is our job to 
evaluate as completely as possible the 
costs, effects (economical, environ- 
mental, societal) and, of course, feasi- 
bility, of the solar power satellite.” 
NASA developed a reference system 

on which to base further studies. The 
system is not a prototype. or an engi- 
neering design but a conceptual de- 
sign. It is very similar to Peter Glas- 
er’s design concept, but Koomanoff 
stresses that it is by no means final. 

Carl Schwenk heads up the Systems 
Definition Division for NASA, under 
DOE. NASA must evaluate the engineer- 
ing needs of the SPS: structures, power 
conversion, power transmission, trans- 
portation and operations. Says 
Schwenk, “I don’t know of any large- 
scale technological project that was 
examined this closely, this early in its 
development. 

Why such careful scrutiny? “Be- 
cause,” continues Schwenk, “The SPS 
is very important to this nation and to 
the world, and because it is a complex 
concept, it is expensive and it is not 
the only possibility. It must be com- 
petitive: technologically, socially and 
environmentally.” He adds, “I am 
pro-evaluation and pro-exploration in 
a careful, detailed way. And I think 
other energy sources should be exam- 
ined in the same manner. For exam- 
ple, how much does energy from coal 
really cost: training miners, laying and 
maintaining railroad tracks to trans- 
port coal, coping with the environ- 
mental effects of mining and burning, 
mining costs, etc. We’ve never objec- 
tively looked at those costs either.” 
Who’s for and against the SPS? 

Schwenk, Koomanoff and Glaser 
are quick to point out that they are not 
advocates of building solar power sat- 
ellites. There are very serious environ- 
mental questions to be answered even 
before a prototype is built. In fact, 
most of the people connected with this 
project are very careful to say “if we 
proceed” not when. 

There are nonsupporters of this sys- 
tem, although the SPS does not seem to 
arouse anger as does nuclear power. 
Jerome Williams, Public Information 

Officer for the Solar Energy Research 
Institute (the national laboratory of 
solar research funded by DOE) thinks 
the SPS is pretty much pie-in-the-sky. 
“To be economically feasible,” says 
Williams, “the satellites would have to 
supply most of the U.S.’s energy 
needs. This would make the country 
very vulnerable as it is not hard to 
knock a satellite out of commission.” 

Another powerful nonsupporter is 
Barry Commoner who in a recent arti- 
cle in The New Yorker described the 
satellite as “an enormously expensive, 
totally untried device . . . which 
might cost upward of a hundred bil- 
lion dollars.” Commoner goes on to 
say that because “solar energy is dif- 
fusely spread over the entire surface of 
the planet . . . there is no economy of 
scale. This means that any solar device 
that is large and centralized-such as 
a solar power station or satellite-is 
inherently uneconomical.” 

Commoner’s statements hint at but 
don’t state outright a fear expressed 
by Karmin Amed of the National 
Resources Defense Council. “One of 
the consistent arguments against large 
utilities of the 1970s is that no one 
controls them. They are centralized 
and very powerful. Ground-collected 
solar power would be decentralized, 
which is attractive to many people. 
The SPS is centralized on a far bigger 
scale than any existing utility and that 
may be the most serious political prob- 
lem it faces.” 

It will be decades before a satellite 
circles the earth collecting sunlight, if 
one ever does. Meanwhile, there is 
thorough, cautious research in process 
and careful, quiet discussions among 
energy professionals taking place. 

This is an artist’s 
concept of a free 
flying power station. 
It would provide 
power to a space 
shuttle for up to 720 
days. It is similar to 
a small solar power 
station: converting 
sunlight to 
electricity. 
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~ Power with Heliostats 
Designing, building, and operating a successful 

"solar power tower" to gene ra t e  e lec t r ic i ty  cost-effect-  
ively is no mean technical challenge. But, argue t h e  
authors, if you consider t h e  drawbacks of other  forms 
of e lec t r ica l  generation, it's a challenge worth accept-  
ing. 
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Power with Heliostats 
A central receiver illuminated by a field of heliostats can 
absorb 10 to 100 megawattsof sunlight at 600” to 1000°K. 

Alvin F. Hildebrandt and Lotin L. Vant-Hull  

Many solar collectors presently on the 
market are suitable for providing domes- 
tic hot water and for heating homes. The 
higher quality energy required to ef- 
fectively drive an air-conditioning cycle 
is proving somewhat more difficult to ob- 
tain with flat-plate collectors. but prorn- 
ising solutions are on the horizon, There 
is a general consensus that further in- 
creases in energy costs or collector per- 
formance coupled with the cost reduc- 
tions resulting from mass production will 
result in a sizable domestic market for 
solar collectors. and substantial reduc- 
tions in fossil fuel requirements for resi- 
dential heating and cooling over the next 
10 to 20 years. 

We would like to consider here a much 
larger potential market. the electric and 
gas utilities. Consideration of turbine 
cycle efficiency leads to the obvious con- 
clusion that to ‘generate electricity ef- 
fectively high-quality heat is required. 
for example. 300°C and higher. Similar 
temperatures are required to drive most 
useful thermochemical reactions. Such 
temperatures are beyond the range of 
flat-plate collectors and are marginal for 
linear-focus, concentrating collectors. A 
further requirement of an electric utility 
is that individual units produce on the or- 
der of 100 megawatts of electricity. 
Smaller units tend to be less efficient and 

Dr. Hildebrandt is professor of physics and direc- 
tor of the Solar Energy Laboratory. University of 
Houston. Houston. Texas 77004. Dr. Vant-Hull is 
professor of physics and associate director of the So- 
lar Energy Laboratory. 

more costly to purchase and to operate. 
To power such a unit requires the use of 
most of the solar energy incident on 3 to 
5 square kilometers. The use of 20.000 to 
40.000 tracking parabolic dishes, each 
concentrating energy on an individual 
heat engine. is one relatively complex al- 
ternative. A second alternative is to col- 
lect the thermal energy from such a dis- 
tributed array of linear- or point-focus 
concentrators by means of a fluid and 
use i t  to operate a turbine. The com- 
bination of costs and heat losses asso- 
ciated with such a heat transport system 
can easily become prohibitive. A third 
alternative is to collect energy optically 
from a large area with the use of helio- 
s tat S . 

Heliostats-large. nominally flat. two- 
axis tracking mirrors-can be used to 
hold the image of the s u n  (helio) station- 
ary (stat) on an elevated absorbing re- 
ceiver continuously. This procedure per- 
mits the absorption in a working fluid of 
about 2/3 of the flux incident (taken as 
the product of about 1 kilowatt per 
square meter penetrating the atmosphere 
multiplied by the total -mirror area). Be- 
cause of the central focusing of energy 
from thousands of heliostats, the ab- 
sorbed energy can be extracted from the 
receiver and delivered to the ground at a 
temperature and pressure suitable for 
driving a conventional utility-type steam 
turbine for electrical generation. Three 
large design studies (discussed below). 
currently nearing completion. have 

shown no substantive technical prob- 
lems with this approach. Cost estimates 
show that no dramatic technical break- 
throughs should be required to bring the 
cost of this system, once it  is in mass 
production, into the range where it can 
compete with other environmentally be- 
nign power plants. 

In the balance of this article, we shall 
discuss (i) the plan of our solar thermal 
power system or “solar power tower” 
based on optical transmission, (ii) the 
history of the solar tower, ( i i i )  the receiv- 
er subsystem, (iv) the design of the he- 
liostats and their placement in a field, (v) 
thermal storage. (vi) environmental con- 
cerns, and (vii) economics. 

The Plan of the Solar Tower System 

A tower supporting a solar receiver- 
boiler is located near the center of a field 
of mirrors or heliostats (Fig. I ) .  Radiant 
energy reflected from the sun  is inter- 
cepted by the receiver and absorbed as  
heat on its surface. High-pressure water 
circulating through tubes forming this 
surface is converted to steam and re- 
turned to the ground. Here it  may be 
used to power a 100-megawatt (electric) 
turbine generator set and simultaneously 
to charge a thermal storage unit for de- 
ferred operation. 

Although differing in detail, a variety 
of systems consisting of an external re- 
ceiver (as shown in Fig. 1 )  or a cavity 
receiver can be designed to have an 
overall eficiency of 2/3 for the con- 
version of the energy incident on the op- 
tical aperture of the system into thermal 
energy (available a s  high-pressure 
steam), where the reference is the mirror 
area multiplied by a representative direct 
beam insolation of 950 watts per square 
meter. Typically, 20,000 heliostats each 
40 square meters in area are arrayed over 
an area of 3.5 square kilometers sur- 
rounding a receiver elevated 260 meters 
above the ground to provide 100 mega- 
watts (electric). Such a system can deliv- 
er an annual average of 5.5 kilowatt- 
hours of steam energy per square meter 
of mirror area on clear days in the 
deserts of the U . S .  Southwest. 

Copyright @ 1977 by t h e  American Association for t h e  Advancement of Science. Reprinted from SCIENCE, 
Vol. 197, No. 4309,. pp. 1139-1146, 16 September 1977, with permission of the American Association for the 
Advancement of Science, A. F. Hildebrandt and L. L. Vant-Hull. All rights reserved. 
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History of the Solar Tower Concept 

The concentration of the direct beam 
component of sunlight with heliostats 
was first attributed to Archimedes, who 
instructed soldiers to reflect the sun onto 
the sail of an enemy vessel by carefully 
orienting their burnished shields (helio- 
stats). Their efforts were successful, for 
the vessel was set afire. I t  was not until 
several thousand years later that Trombe 
and his co-workers added hydraulically 
controlled servomechanisms to an array 
of large heliostats to produce an auto- 
matically controlled I-megawatt (ther- 
mal) solar collector ( I ) .  1ni:erested in pro- 
ducing high temperatures to melt materi- 
als. Trombe added a large. fixed con- 
centrator consisting of a parabolic dish 
and achieved a temperatiire of 4100°K. 
Baum et NI. (2) investigateld a tracking ar- 
ray consisting of heliostats on moving 
railroad cars, aimed at an elevated cavity 
receiver-boiler. The cavity was to be ro- 
tated to face the heliostats throughout 
the day to achieve improved perform- 
ance. They found that a prohibitive pow- 
er requirement would ariiie because, at 
the very slow speeds involved. the 
wheels on the dusty railroad track would 
experience starting friction contin- 

Francia developed an intricate clock- 
driven field of 271 heliostats and was 
able to produce steam at a rate equiva- 
lent to 150 kilowatts (3). IJsing flat mir- 

uously. 

rors, he obtained an intensity somewhat 
less than 271 times the local beam com- 
ponent of direct sunlight, and with 
dished mirrors somewhat more. This 
concept is not suited for large-scale utili- 
zation of solar energy on a megawatt 
(electric) basis because it is impractical 
to connect many thousands of heliostats 
into a single clockwork device with suf- 
ficient precision. Moreover, the mecha- 
nism is not well suited to the larger mir- 
rors required for an economical system 
design. 

A reinvention involving a large num- 
ber of heliostats took place in 1970-1971 
at the University of Houston (4) .  [This 
work was supported by the RANN pro- 
gram of the National Science Foundation 
(NSF) beginning in 1973, and in 1975 i t  
was transferred to ERDA (Energy Re- 
search and Development Administra- 
tion) along with related investigations 
(.5).] During our study of long-term prob- 
lems in science and engineering, it be- 
came apparent that the outlook for ener- 
gy sources beyond fossil fuels was hope- 
ful but uncertain. Clearly, solar energy 
could be utilized. Since some investiga- 
tion of the possibilities had already been 
carried out, we considered only the most 
promising options. Photovoltaic cells 
were considered first but, because of 
their large cost and low efficiency at that 
time, were rejected in favor of poten- 
tially efficient thermal conversion cycles 
compatible with the utility grids. Steam- 

Fig. I .  The 100-megawatt (electric) heliostat power plant concept. The tower (260 meters high) 
near the center of the field has .j boiler on top. About 20,000 heliostats (6 .4  by 6 .4  meters) would 
be required, spread over an area of about 3.5 square kilometers. A IO-megawatt (electric) pilot 
plant is under development by ERDA. Water is pumped up to the receiver and the steam is 
brought down to the conventional steam-electric generator usually employed by utilities. 

n 

n 

electric conversion cycles producing 100 
to 300 megawatts (electric) are well de- 
veloped by the utilities, which also have 
a large-scale distribution system. It 
seemed advisable to utilize available 
transmission methods. 

The laws of physics tell us that the 
highest quality solar energy is obtained 
with a point-focusing device and that the 
radiative equilibrium temperature is lim- 
ited to that of the source, in this case the 
sun at about 5720°K. To approach this 
temperature would require an ideal lens 
or a perfect-focusing mirror. Because 
large lenses require excessive bulk mate- 
rial, mirrors are preferable. Although % 

many small focusing parabolas can be 
used. it  is expensive to produce accu- 
rately curved mirror surfaces, and the re- 
quired heat transport system entails sub- 
stantial loss. Less loss would result if, 
using essentially flat mirror segments, 
we could have a single parabola with an 
aperture of about a square mile (2.6 
square kilometers). In the 1950’s Pilking- 
ton Brothers, Ltd., developed an eco- 
nomic process for casting precision flat 
glass by slowly cooling a continuous 
sheet of molten glass while floating it on 
a bed of molten tin (6). The resulting 
strips of float glass, 3 to 4 meters wide, 
can be used to construct large, two-axis 
steered mirrors or heliostats as depicted 
in Fig. 1 .  An array of these heliostats 
constitutes what might be described as a 
tracking Fresnel reflector. 

In discussions of the solar tower con- 
cept, the question of the “best” size sys- 
tem always arises. The correct answer to 
this question depends upon the assump- 
tions made or requirements imposed at 
the onset. For example, one may assume 
focusing optics with the total of aber- 
rations and other optical errors fixed at 
some design value. Typically, a standard 
deviation of 0.166” or 3 milliradians can 
be achieved at moderate cost (the solar 
disk subtends about I O  milliradians). For 
such a system the concentration is fixed 
by the rim angle of the collector and the 
geometry of the receiver and will not be 
affected by scale. Thus, one is then free 
to choose the “best” system based on 
thermodynamic cycle efficiency and the 
economics of producing the selected col- 
lector, receiver, and energy transport 
system. 

A capacity of 30 to 100 megawatts 
(electric) at a single site is probably as  
small as the utilities would like to consid- 
er integrating into the grid because of 
synchronization, switching, and dis- 
patching problems. One can generate 
this electricity with a single turbine, us- 
ing energy from a field with an area of I 
square mile collected either optically (so- 
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lar tower) or by means of a heat trans- 
port system to gather to a common point 
the energy absorbed by a distributed sys- 
tem of collectors. The distributed system 
of collectors may consist of either nu- 
merous minitowers or  a multitude of in- 
dividual collectors. As an alternative to 
this heat transport system, one can use 
either small turbines with each small dis- 
tributed field o r  minitower or very small 
engines at the focus of parabolic dishes. 
We believe that these alternate ap- 
proaches will be less efficient and less 
economical than the single tower ap- 
proach. Heat losses in the smaller scale 
systems are much harder to deal with, 
and smaller heat engines currently avail- 
able are appreciably less efficient than 
the large utility turbines. In addition, the 
parts associated with each reflector unit 
are markedly increased in number and 
complexity if one adds a small heat en- 
gine to each one, such as  a Stirling. or 
Ericsson, cycle isothermal expansion 
and compression engine. The shorter 
focal length of the smaller systems also 
makes it necessary to use a larger num- 
ber of more highly curved reflector seg- 
ments to achieve the required 3-millira- 
dian beam error including aberrations. 

The choice between one or a few solar 
towers is less sharp. The cost of towers 
up to about 350 meters in height tends to 
scale with the corresponding collector 
area, becoming appreciably more expen- 
sive in the 400-meter range. Below 200 
megawatts (electric) the tower cost does 
not significantly affect the argument. In  
the range from 10 to 200 megawatts 
(electric). suitable steam turbine genera- 
tor costs and thermal-to-electric con- 
version efficiencies favor the larger 
sizes. A IO-megawatt (electric) generator 
would cost approximately $300 per kilo- 
watt (electric) and have an efficiency of 
35 percent, whereas the corresponding 
values at 100 megawatts (electric) are 
$250 and 40 percent. Consequently, un- 
der the stated assumptions we would 
conclude that central receivers in  the 
range from 50 to 200 megawatts (electric) 
are the most economical way to supply 
solar energy to an ele~tr ical~grid.  

This conclusion is reinforced by the 
fact that mirrors with a radius of curva- 
ture greater than a few hundred meters 
can be either stress-curved from flat sec- 
tions or simulated adequately by a small 
number of facets, each canted at the ap- 
propriate angle. Either of these ap- 
proaches is sure to be cheaper than cast- 
ing self-supporting curved mirror seg- 
ments of adequate optical quality to 
guarantee a high fraction of undistorted. 
specular reHection. For larger scale sys- 
tems in the 50- to 200-megawatt (electric) 

range. the allowed segment size becomes 
equal to the 6-meter diameter of an eco- 
nomical heliostat. and nominally flat mir- 
rors can be used. Removing the require- 
ment for focus or canting segments re- 
laxes a constraint on the heliostat design 
that will inevitably lead to lower cost he- 
liostats and, consequently. a lower cost 
system. 

For applications where a smaller 
amount of power is required at a local 
site. for example. a process heat or 
pumping requirement, other consid- 
erations come into play as well. such as 
the availability of a grid tie-in and the 
availability or  requirement for reliable 
backup. Smaller units with a lower opti- 
cal concentration will usually require 
lower operating temperatures to reduce 
convection and reradiation losses. In  
general. we believe that a single solar 
tower will be the most efficient. lowest 
cost, and most reliable means of sup- 
plying any solar requirement in the range 
from 1 to 1000 megawatts (thermal). Be- 
low l megawatt (thermal) a few parabolic 
dishes or troughs may be competitive. 
The only systems currently under devel- 
opment which may compete with the so- 
lar tower are the fixed reflector-moving 
receiver concepts. Although these are 
linear systems and so tend to provide 
lower concentration than is available 
with the "point focus" solar tower con- 
cept, these systems have the advantage 
of an emplaced reflector which does not 
require support or steering. After this ad- 
vantage has been weighed against the 
disadvantage of a tracking receiver and 
relatively poor aperture utilization, a de- 
finitive comparison can, perhaps. be 
made. Because the reflector contour 
must be carved in the ground. individual 
collectors larger than a few megawatts 
are not practical. Thus for larger power 
requirements, the earlier arguments 
against distributed systems apply. 

Aspects of the solar tower system- 
external or cavity receiver, Hat or focus- 
ing heliostats, and methods of storage- 
are under study by a four-team ERDA 
effort to result in a preliminary design for 
a IO-megawatt (electric) pilot plant by 
June 1977 (7). Barstow. California, has 
been selected as the site for the pilot 
plant. I t  is anticipated that the first step 
in bringing costs for commercial solar 
plants into the range experienced for the 
construction and fueling of nuclear 
plants will be to increase plant size to at 
least 100 megawatts (electric) at a single 
site to achieve better collector and tur- 
bine efficiency. Figure I depicts the con- 
cept for a 100-megawatt (electric) dem- 
onstration plant (7a). 

Other solar tower developments in- 

clude pilot plants planned by the Electric 
Power Research Institute as well as the 
French and Japanese governments. An 
ERDA-funded Solar Thermal Test Facil- 
ity (STTF) is under construction at San- 
dia Laboratory. Albuquerque, New 
Mexico, and is scheduled for completion 
in early 1978. The STTF is a small 5-  
megawatt (thermal) solar tower collector 
for testing the IO-megawatt (electric) pi- 
lot plant prototype components and per- 
forming related solar energy research. 

The Design of the Heliostat Field 

Because the heliostat field comprises 
about 50 percent of the total cost of a 
commercial solar tower system, design is 
crucial. For the IO-megawatt (electric) 
pilot plant there would be approximately 
2000 heliostats, and for a 100-megawatt 
(electric) demonstration plant about 
20,000 heliostats. The four design teams 
have all concluded that the most eco- 
nomical heliostats have an area of about 
40 square meters and are composed of up 
to nine segments. For the pilot plant, the 
segments must be either curved or cant- 
ed to provide an added degree of focus- 
ing. Important design factors are wind 
and gravity loading. The elevation and 
azimuth sensors and actuators must have 
a long life and will require only a fraction 
of a percent of the energy collected. The 
design should be suitable for mass pro- 
duction and easy installation. 

The heliostats must be spaced in such 
a way as to avoid excessive shading of 
one another or blocking of the reflected 
radiation in the daily and yearly opera- 
tion. Detailed computer analysis has 
shown that this can be accomplished 
for a nonuniform mirror distribution 
resulting in a ratio of reHector area 
to land area, 4, varying from 0.4 to 0.1 
and averaging about 0.25. Far from the 
tower the heliostats must be sparsely dis- 
tributed to prevent blocking of the re- 
flected sunlight by adjacent heliostats. 
The heliostats are individually servo- 
controlled by a closed-loop sensor feed- 
back system or by an open-loop computer 
control to reflect the solar beam onto the 
receiver all day. 

A computer override initiates opera- 
tion each morning and stow (shutdown) 
each night, sustains a uniform track in 
the event of a brief cloud interruption, 
initiates a rapid scram (shutdown) mode 
in case of coolant or boiler failure, or di- 
rects the heliostats to a safe orientation 
in case of adverse, inclement weather 
conditions. A vertical stow (orientation 
of the heliostat in a vertical position) can 
minimize hail damage or counter ice 
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loading and. if the heliostats are facing 
downwind. can alleviate damage from 
blowing sand. A horizontal stow reduces 
structural specifications for surviving 
high winds. whereas it partially or totally 
inverted stow reduces the accumulation 
of dust. The heliostats are designed to 
withstand wind gusts to l:7O kilometers 
per hqur in horizontal stow. The possible 
requirement of an inverted stow is still 
under study and could add approximate- 
ly  10 to 15 percent to the energy costs 

I W a t e r  i n  

C o m p u t e r  
con t ro l  

because of structural requirements in the 
heliostat mount and frame. A typical he- 
liostat with sensor is shown in the far left 
of Fig. 2. 

A map of the estimated direct annual 
beam radiation over the United States 
(Fig. 3) suggests why solar tower plants. 
as outlined. would be primarily situated 
in the desert Southwest. The heliostat 
system approximates a point-focus parab- 
ola and requires direct-beam radiation 
for imaging. The clear. dry. usually dust- 
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Fig. 2 .  Solar tower steam-electric power plant schematic. About 2000 heliostats would be re- 
quired for the 10-megawatt (electric) pilot plant. 

Fig. 3 .  Annual average direct-normal insolation (in kilowatt-hours per square meter) estimated 
from total hemispheric insolation (17). 

free desert air ideally meets this require- 
ment. As the solar elevation decreases. 
absorption due to the atmosphere in- 
creases; a useful number for the solar in- 
tensity when the sun is high overhead in 
clear days is 950 watts per square meter 
on a surface perpendicular to the rays. 
This is to be compared to about 1.35 kilo- 
watts per square meter above the atmo- 
sphere. 

Using a clear-air insolation model for 
an optimized heliostat layout. we obtain 
daily power curves as  shown in Fig. 4 for 
flat ground at 35"N. However. favorable 
south slopes should be utilized where 
available. These calculations account for 
optical and thermal losses for a 100- 
megawatt (electric) generating plant with 
6 hours of storage. While shading of he- 
liostats and blocking of the reflected ra- 
diation is accounted for, losses can be 
kept negligible for solar elevations great- 
er than about 25" by careful field layout. 
The mirror reflectivity is assumed to be 
0.91 and the receiver absorptivity 0.95. 
Dust losses ( 5  percent) and radiation and 
convection losses (7 percent of the peak 
value) are also accounted for. The 
amount of energy transmitted into the 
working fluid varies with solar elevation 
from 213 to about 112 of the product of 
the solar intensity and the total area of 
the mirrors. 

The Receiver 

The receiver subsystem must be able 
to effectively intercept the sunlight re- 
flected from the heliostat field and ab- 
sorb it  as  heat. The heat must be trans- 
ferred to the receiver coolant at the de- 
sired temperature with minimal loss due 
t o  reradiation and convection. For a 100- 
megawatt (electric) commercial receiver 
we have determined that these require- 
ments can be met effectively by a cy- 
lindrical receiver 17 meters in diameter 
and 25.5 meters tall. supported 230 to 
300 meters above the heliostat field. The 
outside cylindrical wall forms the ab- 
sorbing surface. which is made of 24 
identical panels each 2.2 meters wide. 
For a water-steam receiver each panel 
will be composed of 170 Incoloy-800 
tubes 13 millimeters in outside diameter 
connected to headers or manifolds at the 
top and bottom. The water will be trans- 
formed to superheated steam in a single 
pass through the receiver. The flow of 
preheated coolant through each panel 
will be independently controlled to com- 
pensate for variations in incident flux. 
Consequently. the output from all panels 
can be combined into a single down- 
comer. With normal design and in- 
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sulation. the heat loss of this energy 
transport subsystem is insignificant. For 
the external receiver using water-steam 
as a working fluid. the outlet temperature 
is between 500" and 550°C. At this peak 
temperature a perfect blackbody can ra- 
diate only about 25 kilowatts per square 
meter. and convection losses. even in a 
strong wind. are only  about half as great. 
for a maximum loss of  less than 40 kilo- 
watts per square meter. For the steam 
system the receiver flux will be reduced 
by a multipoint aim strategy in the pilot 
plant to about 300 kilowatts per square 
meter (600 in the commercial design). I n  
each case the average flux (and mean 
loss) is about 213 the quoted value. so 
that the respective receiver losses are 
about 12 and 6 percent. respectively. 
The higher receiver temperatures toler- 
ated in a receiver cooled with liquid so- 
dium we have considered might double 
the thermal loss per square meter. but. 
since fluxes of up to 2 megawatts per 
square meter can be tolerated. a smaller 
receiver can be used so that the per- 
centage loss would. in fact. be less. 

A variety of cavity designs are under 
study as alternatives to the external re- 
ceiver we describe here. These include 
tube type. multiple-pass. water-steam 
boilers; open-cycle air or closed-cycle 
helium ceramic tube or honeycomb sur- 
faces; and cavities incorporating direct 
absorption in a molten salt flowing over 
the inner wall of the cavity. Although the 
cavities are likely to provide lower ther- 
mal losses. we prefer the external design 
for five basic reasons. ( i )  I t  has a very 
wide acceptance angle and so has less in- 
fluence on the design of the heliostat 
field, the largest cost item in the entire 
system. The area of t h e  cavity apcrture. 
which radiates as  a blackbody. must be 
kept small to retain any advantage. The 
acceptance cone half angle. 0 .  is there- 
fore restricted to about 60" because the 
required radius of the aperture is (R1 
cos 0). where R is the radius of t h e  ex- 
treme beam. ( i i )  The cavity must be sup- 
ported and insulated on its exterior sur- 
face. This exterior structure is substan- 
tially more massive than the interior sup- 
port structure of the external receiver. 
( i i i )  Any one of the 24 modular panels of 
the external receiver can be replaced 
overnight. whereas the cavity would 
have to be serviced and repaired in situ. 
(iv) I t  is easy to design minimal con- 
straint supports and structures for the 
exterior receiver panels. whereas the 
added complexity of the cavity boiler de- 
signs for the steam system tends to con- 
strain the tubing. leading to excessive 
thermal stresses. ( v )  The lightweight 
components o f  the external receiver can 

more readily follow the variations in in- 
solation due to clouds and other adverse 
weather conditions. 

The Tower 

For a 100-megawatt (electric) syztem 
our analysis of t h e  most cost-effective 
collector field geometry shows that the 
receiver must be elevated 260 meters 
above a field of heliostats with an area of 
3.5 square kilometers. To  support the 
considerable weight of the receiver and 
i t s  steel support structure as well as the 
thermal transport system. we have cho- 
sen a tapered cylindrical-shell, slip-cast 
concrete structure. Inasmuch as  this 
structure is designed to survive probable 
seismic disturbances in the West, i t  is 
sufficiently rigid to restrain sway of the 
receiver to less than 0.3 meter in winds 
occurring while the heliostats are oper- 
ating. Sites near major seismic faults 
should be avoided because of the ac- 
companying increase in the costs of the 
tower and heliostat supports. For most 
of the southwestern United States we 
have used a tower cost of $8 million. 

Storage 

Opponents of solar power insist that 
the solar tower concept should provide 
reliable power on cloudy days and also 
meet the nighttime baseload require- 
ments. We believe that both of these re- 
quirements are unreasonable. at least in 
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the early stages of development. Be- 
cause thermal storage for cloudy days 
would be used only occasionally, the 
cost per cycle would be prohibitive. Al- 
though the storage system to provide for 
overnight operation would be used every 
day. the baseload application is the least 
competitive first use of solar energy. The 
market value of baseload electrical pow- 
er is about half that of load-following 
power. that is, power that is generated to 
meet intermittent high demands. usually 
during the hours of 10 a.m. to 8 p.m. The 
electrical load parallels the solar supply 
(with a 2- to 4-hour delay); therefore, the 
most attractive first application is a plant 
designed for load-following with storage 
for 4 to 6 hours of operation to provide 
stable operation and to better match the 
observed utility load. A gas turbine plant 
with a low capital cost and a relatively 
high fuel cost can be added to the grid to 
supply the intermediate load power on 
the rare cloudy days when electrical de- 
mand is high. 

The amount of thermal storage incor- 
porated in the current design effort is suf- 
ficient to operate the turbogenerator for 
about 6 hours. This will permit pene- 
tration of the intermediate-to-peak-load 
utility market which usually occurs in 
the evening. Capacity credit will accrue 
to such a plant, and the storage will pro- 
vide a cost-effective way of handling so- 
lar insolation differences in summer and 
winter. I n  the winter, a plant may be in 
the on-line. standby mode in the morn- 
ings so that the storage can be fully 
charged for evening operation. whereas 

Fig. 4. Diurnal power 
curves for the field 
shown in the inset at 
35"N. This field, 
coupled with 6 hours 
of thermal storage, 
would supply a 100- 
megawatt (electric) 
steam-electric genera- 
tor. The thermal out- 
put.  in I@" watts. is 
that deposited in the 
working fluid and in- 
cludes loss estimates 
of 9percent for reflec- 
tance, 5 percent for 
absorptivity. 5 per- 
cent average for dust. 
and 32 megawatts for 
combined convection 
and reradiation at the 
operating tempera- 
ture of 5 15°C: D m  = 
effective mirror diam- 
eter: 6 = angular stan- 
dard deviation of !he 
reflected light due to 
heliostat irnperfec- 
tions: Dr = receiver 
diameter. 
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in the summer there is suflicient daily en- 
ergy to run at capacity all day and still 
charge the storage unit s o  that the eve- 
ning market can also be supplied. 

In an alternate mode of operation fos- 
sil fuels would be used when solar ener- 
gy is not available, especially on cloudy 
days. Fossil fuels could also be used in 
the evening market, but some form of 
thermal storage is still required to ensure 
plant stability. Such a solar plant with 
fossil backup is classified as a fuel dis- 
placement plant and may be given little 
capacity credit. However, further deple- 
tion of our petroleum reserves may make 
such a facility acceptable. We have yet 
to develop an adequate methodology for 
estimating capacity credit for the solar 
component when fossil fuel is used in re- 
serve. 

A second form of storage is the use of 
suitable deep gedlogical formations into 
which high-temperature fluids can be 
pumped. The requirement is a porous 
formation where leakage to the outside 
would be minimal, such as  abandoned oil 
wells. Porous rock is a rlelatively good 
thermal insulator. If we consider a suffi- 
ciently large unit, the fractional loss per 
day is small because the surface-to-vol- 
ume ratio becomes small. Calculation 
shows that geothermal storage for a 100- 
megawatt (electric) tower would require 
about 2 months to charge and then could 
be used cyclically each day to provide 
load-following capacity (8). Because the 
extraction is regenerative, injection and 
withdrawal temperatures could be very 
nearly equal and quite high. If, however, 
we should encounter difficulty in in: 
jecting or producing fluids at sufficiently 
high temperatures for power production, 
large quantities of process heat at 1So"C 
and above are in demand and such geo- 
thermally stored heat can be harnessed 
to service those process needs. 

Another approach to storage, which 
we believe deserves further emphasis, is 
chemical bond storage, with molecules 
having bond strengths of several electron 
volts per molecule. An obvious example 
is the electrolysis of water into hydrogen 
and oxygen. This method is  under inves- 
tigation for photovoltaic cells and wind 
energy systems but it is not the leading 
candidate if a thermal cycle is involved, 
because about 2/3 of the energy will be 
wasted in the thermodynamic cycle un-  
less, perhaps, viable fuel cells are devel- 
oped. The storage battery constitutes an- 
other form of chemical bond storage 
which is currently under intense study as 
electric storage for photovoltaic cells. 
Batteries provide more compact storage 
than hydrogen gas and are well suited for 
individual use, such as in an electric car. 

Table I .  The 1977 cost estimates for a mass- 
produced 100-megawatt (electric) solar tower 
plant. 

Subsystem 
Relative 

cost 
(7;) 

Generator plant 30 
Energy storage (6 hours) 11 
Installed heliostat costs 43 

Receiver, tower, and piping 14 
Spares, land, and yard 2 

Total system: $1700 c 100 

($80 per square meter) 

15 percent 

The Germans have under development 
a closed-cycle, decomposition-recombi- 
nation chemical reaction in which meth- 
ane and water react to form hydrogen 
and carbon monoxide [the process bears 
the acronym EVA-ADAM (9 ) ;  the hy- 
drogen-generating reactor is called EVA 
(Einzelsphaltroryernsuchsanlage), and 
the back reactor is called ADAM as the 
mate to EVA]. This reaction is to be 
coupled to high-temperature, nuclear gas 
reactors to deliver heat at a substantial 
distance. Calculations indicate that more 
heat can be delivered by this system than 
through a thermodynamic-to-electric 
cycle, and transmission costs are less 
than for electricity. This cycle can possi- 
bly be developed for use with the solar 
tower, but techniques for banking the 
catalysts (removing the reactants while 
maintaining the catalyst bed at  operating 
temperature) during sunless hours must 
be studied. Moreover, the gases in- 
volved require large-volume storage. 

A most attractive form of chemical 
storage is the simulation of fossil fuels. 
One would like to use solar heat to de- 
compose a liquid compound into several 
other liquids that can be stored or trans- 
ported and recombined at will with the 
liberation of heat, Q. The liquid-liquid 
reaction would offer ease of handling and 
would allow storage of more energy in a 
given volume than either a chemical 
cycle involving gas reactants or  a sen- 
sible heat storage system. The heat gen- 
erated in the reaction can be used in 
home heating and cooling and, if it is of 
sufficient quality, in the production of 
electricity. If we consider the reaction 
between ammonia (NH,), water, and sul- 
fur trioxide (SO,), 

considerable heat is generated as the re- 
action processes exothermically to the 
right without a catalyst at temperatures 
up to 500°C (10). The chemicals are liq- 
uid at near room temperature and pres- 

sure (NH3 requires some overpressure 
and SO3 requires some heating to avoid 
solidification). The chemicals are cheap 
and abundant, and the density of energy 
storage is about 800 kilocalories per liter: 
about 1/7 that of gasoline or  I O  to 20 
times that of sensible heat stores. 

Recycling of the chemicals would re- 
quire the thermally activated decomposi- 
tion of the ammonium hydrogen sulfate 
(NKHSO,) into the compounds on the 
left in Eq. 1 and then separation. This 
back-reaction and separation have been 
carried out and at temperatures attain- 
able with the solar tower (10). Basically, 
there is a temperature for each chemical 
system above which dissociation and ab- 
sorption of energy occurs and below 
which the chemicals recombine with the 
release of energy. Such synthetic fuels 
can be readily integrated into our tech- 
nological structure, displacing fossil 
fuels and bypassing the inefficient elec- 
trical generation cycle in many cases. 

The development of methods for stor- 
age of sufficient energy to operate 
through several sunless days, or of a vi- 
able backup will probably be slow in 
coming, but, once such storage systems 
have been developed, solar plants in the 
Southwest can supply a significant 
amount of our national energy require- 
ments by electrical transmission. The 
high-voltage direct-current net from the 
Northwest to the Southwest (1600 ki- 
lometers) is adequate demonstration that 
power can be economically transmitted 
over long distances. Therefore, it is pos- 
sible to transmit power from Lubbock, 
Texas, in the sun-rich Southwest, to De- 
troit (I600 kilometers). 

Environmental Concerns 

For economic reasons, utilities have 
recommended the use of wet cooling sys- 
tems in the pilot and demonstration 
plants. The dry cooling tower (Fig. 2 )  is 
somewhat more expensive and operates 
at a loss of a few points in plant efficien- 
cy, but dry cooling may be required to 
minimize environmental impact in the 
desert, a first-choice site for emplace- 
ment of the solar tower plants. With dry 
cooling towers, solar plants are expected 
to have a minimal environmental effect. 
In contrast to fossil-fired plants, the in- 
crease in global heat from a solar plant is 
a second-order effect since the system is 
simply converting incoming radiation to 
useful mechanical energy before it is ulti- 
mately deposited as  heat by the electric 
utility. This figure compares favorably 
with conventional fossil-fired systems 
that deposit 3 to 4 units of thermal ener- 
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gy (waste heat) into the biosphere for 
each useful' unit of energy utilized. In 
fact, continued dependence on nonsolar 
energy might eventually require the re- 
flectance of sunlight back out into space 
to preserve the heat balance of the earth. 

Economics 

There are no technical barriers to the 
development of power with heliostats. 
The technology is available and plans are 
for a contract to be written with an engi- 
neering firm this year to initiate final de- 
sign and construction of a first system, 
although it will be expensive. Cost esti- 
mates for the first-of-a-kind IO-megawatt 
(electric) pilot plant, scheduled to be 
completed in 1980, are in the range of 
$7,500 to $lO,000 per kilowatt of in- 
stalled electrical capacity, including pro- 
visions for thermal storage for 6 hours of 
operation beyond sunset ( / I ) .  N o  dra- 
matic technical discoveries are neces- 
sary to reduce this prototype cost by a 
factor of 5 to bring it into a range com- 
parable to the $1000 per kilowatt (elec- 
tric) currently required for the construc- 
tion and fueling of nuclear plants. 

A significant cost reduction will result 
from the better collector and turbine effi- 
ciency associated with an increase in 
plant size to 100 or  300 megawatts (elec- 
tric). In addition, specific mass-produc- 
tion approaches have been identified 
which are likely to lead to the required 
cost reduction for an integrated large- 
scale, dedicated heliostat production 
facility. One such production facility 
would produce heliostats for ten 100- 
megawatt (electric) plants each year. If a 
faci l i ty  s i zed  t o  p r o d u c e  o n l y  o n e  p l an t  
per year were built in 1985, a second in 
1988, and an additional full-size produc- 
tion facility were built each year from 
1990 to 2000,-about 40 gigawatts (elec- 
tric) of installed capacity could be on- 
line by the year 2000. This capacity is 
enough to meet the anticipated require- 
ment for new intermediate electrical load 
for the entire Southwest and would re- 
quire a land area of about 1400 square ki- 
lometers (550 square miles). Devel- 
opment of economic storage could ex- 
pand this market manyfold. 

Assuming at least 785 megawatts of 
capacity is constructed each year in an 
integrated and dedicated plant with a 30- 
year life, the midpoint cost of installed 
heliostats in 1975 dollars is $66 per 
square meter. Under the same assump- 
tions. the total capital cost of a plant is 
given. in  1977 dollars, in  Table I .  The 
$1700 per kilowatt (electric) includes 6 
hours of thermal storage ( I 2 ) .  
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Fig. 5. Projected heliostat costs (1975 dollars). 
Mass-production learning would lower the av- 
erage cost of $269 per square meter expected 
for the pilot plant heliostat to below $70 per 
square meter for commercial application after 
about 1 million units had been produced. This 
figure reflects projected cost reductions for a 
single facility resulting from integration of 
steel fabrication facilities, mirror and glass 
fabrication facilities, and experience-dictated 
improvements in plant operation, heliostat 
operation, and other factors. On the log-log 
scale. the upper line refers to the average val- 
ue for all production to date. whereas the low- 
e r  curve gives the cost projected for a single 
unit, which approaches $50 per square meter 
by the end of the production run of 25 to 30 
years. (To convert to 1977 dollars multiply by 
I .20.) 

Once production of 100-megawatt 
(electric) units begins, costs would begin 
to drop as  a result of learning curve ef- 
fects. As an example, production of the 
first 10.000 Model T Fords resulted in an 
average cost, in constant 1958 dollars, of 
'about $4000 for the cars produced in 
1909. Continued cost improvement oc- 
curred in the manufacture of essentially 
the same car until 1927, at which time 14 
million units had been produced. The 
cost for the last units of the production 
run was about $850 per unit ( I S ) .  On the 
bas i s  o f  t h i s  t y p e  o f  cos t - r educ t ion  pro-  
gram, a reduction of 10 to 15 percent in 
the unit cost should be possible each 
time the total number of units produced 
is doubled until the bulk material costs 
predominate, and even then design re- 
finements and new materials can further 
reduce costs. I n  Fig. 5 we show the an- 
ticipated learning curve for heliostats, 
where the upper curve represents the av- 
erage cumulative cost for the entire pro- 
duction run and the lower curve is the 
unit production cost. Here $269 per 
square meter is the cost of the pilot plant 
and $66 per square -meter is the average 
cost of heliostats produced by the plant 
after construction of approximately 20 
gigawatts of capacity (1975 dollars). 

Such a cost improvement permits us to 
put capital costs into perspective. A 10- 
megawatt (electric) pilot plant is esti- 
mated at $10.000 per kilowatt (electric) 
or less. whereas a first demonstration 
plant may cost $2500 per kilowatt (elec- 
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tric). To produce units selling in the 
range of $1700 per kilowatt (electric) re- 
quires that average heliostat costs, in 
1977 dollars, be reduced to about $80 per 
square meter, which may require pro- 
duction of 5 million heliostats. In  such a 
production run, the second million he- 
liostats would already meet the cost re- 
quirements, having an average produc- 
tion cost of about $78 per square meter, 
whereas the first million would have an 
average cost of about $100 per square 
meter. Thus, the excess cost of the first 
million heliostats, each about 40 square 
meters in area and having an excess cost 
of $20 per square meter, is about $800 
million. Compared to the expected cost 
of oil imports for 1977 of $40 billion, this 
is truly a small differential, which in- 
cidentally, will be paid back by even 
lower heliostat costs for the last 3 million 
heliostats produced in our hypothetical 
run of 5 million. 

Since the cost of the heliostats is ap- 
proximately half of the total cost of the 
commercial plant, less than $2 billion in- 
vestment (subsidy) is required to stimu- 
late a new technology that will integrate 
into the present utility structure. This 
amount should be compared to nuclear 
energy investments, recent space ven- 
tures, annual deficit of payments, 1976 
oil import costs of $35 billion, and future 
escalation of oil costs. 

There is sufficient unused desert land 
available in the United States to meet all 
of our energy needs by means o f  s o l a r  
tower plants, an option not likely to be 
exercised. Energy production by solar 
towers would have an efficiency factor 
for land usage which would compare fa- 
vorably with that of any renewable sys- 
t e m  p resen t ly  u n d e r  consideration. At  a 
cost of $2000 per acre ($4900 per hec- 
tare), the land cost for a 100-megawatt 
(electric) plant is only $17 per kilowatt 
(electric). 

Another indirect economic criterion is 
the energy amplification factor (EAF), 
defined as  the useful energy produced 
over the useful life of a device divided by 
the capital energy required to create the 
device. Table 2 records an estimate of 
the energy required to produce materi- 
als, including transportation energy in 
manufacture and delivery, for the ther- 
mal component of a solar tower con- 
centrator. Because this energy may have 
to be processed through a thermodynam- 
ic cycle with an efficiency of about 113, 
the collection time translates to less than 
1 year. With the addition of the energy 
costs for fabrication, construction, and 
miscellaneous expenses, we expect the 
final required energy figure to be equiva- 
lent to less than 1.5 years, giving an EAF 
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Table 2. Material and transportation energy requirements for a 100-megawatt (electric) com- 
mercial solar tower system (fabrication and construction energy not included). 

’ Steel 
Glass 
Concrete 
Sand 
Polyurethane 
Motors (copper) 

Part 
Energy Days to collect 

hours Ther- Elec- 
Weight required total energy 
(metric [megawatt- 

( 1 2 ,  15)  (thermal)] mal tric 

1M ate rial 
(12 ,  15) tons) 

28,605 heliostats 
(each 30.4 
square meters) 

Receiver 

Riser and 

Tower 
downcomer 

Estimated trans- 
portation costs (15)  

Total 

23,084 
13,959 
69,224 
100,003 

257 
372 

1,127 

182 

41,757 
1,266 

144,055 (18) 
45,196 (16) 
22,312 (18) 
4,291 
715 

8,152 
7,655 

1,135 

13,517 
7,899 

70 210 

55.053 15 45 
309,980 85 255 

of approximately 20 for a useful life of 30 
years. This estimate can be compared to 
estimates for nuclear plants described in 
ERDA 76-1, where the EAF of a nuclear 
plant is estimated as 4 (14). Incidentally, 
the duty factor of the nuclear plant is tak- 
en realistically as 0.61, only 50 percent 
above the 0.41 expected for the solar 
plant with 6 hours of storage discussed 
here. 

There still remains the energy cost of 
disposing of radioactive wa:ites and of 
shutting down a reactor after its useful 
life and safely disposing of the radio- 
active debris, whereas the sl.eel used in 
heliostats can be reprocessed. The EAF 
factor clearly indicates a constraint 
which must be considered when deciding 
to build either nuclear or  solar plants if 
the total fossil fuel requirements of the 
country are to be reduced over the next 
25 years rather than expanded. The 
question of long-term economics re- 
quires the consideration not only of pres- 
ent dollars and capital development but 
also of long-term commitments to ensure 
both the availability of reliable sources 
of energy and the preservation of the en- 
vironment. 

The quantity of materials required in 
the solar tower design helps us to under- 
stand the economics of sodar energy 
(Table 2 ) .  The heliostat cost of $66 per 
square meter appears reasonable if the 
cost of construction approximates $ 1  per 
pound or  $2.25 per kilogram (for metal 
and glass). This represents an achievable 
goal, particularly if we realize that one 
can buy domestic pickup trucks in this 
country that sell for a little less than $ I  
per pound, and that a truck is a far more 
complex unit than a heliostat. 

The cost of intermediate (load-follow- 

ing) power produced with the tower con- 
cept is estimated in the range of 80 mils 
per kilowatt-hour, based on a capital 
cost of $1700 per kilowatt (electric) and 
operating costs. We believe this cost is 
competitive. A charge of 30 percent was 
used for development of capital (the con- 
struction period is assumed to be 3 
years), and the construction costs were 
amortized by means of a linearized fixed 
fee of 16 percent per year. Learning 
curve experience will lead to still lower 
capital costs for later production. The es- 
calation of fuel costs will have no first- 
order effect upon constructed solar 
plants. 

Conclusions 

The estimated capital cost per kilowatt- 
hour of $1700 for solar tower plants is 
competitive with other means of energy 
production, such as hot-water nuclear 
reactors, including the complete fuel 
cycle. With 6 hours of thermal storage, 
the capacity factor is better than 0.41 
compared to realistic capacity factors of 
0.61 for nuclear reactors. Production 
costs seem reasonable, and there are no 
critical shortages of materials. Although 
there will obviously be improvements in 
design and management which will scale 
down costs, no radical technical discov- 
eries are needed to construct and operate 
a solar energy plant. Once heliostats are 
in mass production, solar plant construc- 
tion periods of only a few years are antic- 
ipated. The period for the construction 
of the pilot plant including final design is 
estimated at less than 3 years. 

Most countries are in need of a long- 
range economic and political plan in- 

volving private enterprise and the federal 
government to develop a process for the 
national use of solar energy during the 
next hundred years. A national com- 
mitment would reduce the investment 
risk involved in building the first solar 
tower facilities. The greatest potential 
exists for adopting new technology in the 
utilities, but U.S. regulations essentially 
forbid the utilities to invest in new tech- 
nology until it is proven over a period of 
time. Development of solar energy can 
reduce U.S. oil imports as well as help 
undeveloped countries that have no ex- 
ports to offset the need for oil imports. A 
stable energy future demands that we ex- 
amine all the energy options available. 
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Power from the Sea 
The oceans ,  cover ing  t h r e e  fou r ths  of t h e  globe,  

a r e  our  l a rges t  so la r  ene rgy  s t o r a g e  reservoir .  But  
because  of t h e i r  s i z e  t h e y  s t o r e  a l l  t h a t  ene rgy  wi thout  
much change  in t e m p e r a t u r e .  T h e  problem of o c e a n  
t h e r m a l  ene rgy  conversion (OTEC) sys t ems  is to e x t r a c t  
t h a t  ene rgy  wi thout  t h e  a id  of t h e  high t e m p e r a t u r e s  
t h a t  assist h e a t  exchange .  
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Power From 
The Sea 

BY MARK SWANN 

O N E  O F  T H E  most tantalizing potential energy sources in the world 
today is relatively unknown t o  the general public - it is sea thermal 
power, a method of producing energy by using heat engines to harness 
the small temperature variations between the sun-heated surface of the 
tropical seas and the cold deep water. 

Sea thermal power is by far the ocean's greatest renewable energy 
source, being replenished daily by solar radiation. One team of re- 
searchers has estimated that this power source is capable of providing, 
on a continuous basis, 200 times the earth's total power needs in the 
year 2000.' 

There is one great difference between sea thermal power and other 
solar energy technologies: Because the surface of the tropical seas 
never falls below 78 degrees F. at any time, it will be possible t o  
operate sea thermal power plants at full output,  or close t o  it, for 24 
hours a day year-round. That is, since the ocean's surface waters act as 
a vast repository of solar heat, sea thermal plants will not require heat 
storage capacity in order t o  produce power during periods of little or  
no sunlight. Down time (when plants are not in operation) will there- 
fore be limited t o  periods when major repairs and maintenance must 
be undertaken. 

All other proposed systems for use of the sun's energy (with the 
exception of arrays of solar cells orbiting in space beyond the earth's 
shadow and outside its atmosphere) require some means of storing 
heat or electricity. Such a constraint increases plant costs in two ways: 
First, the solar collectors themselves must be several times as large in 
such systems as in a system which requires no storage. Solar collectors 
in the Arizona desert, for example, receive useful solar heat for about 
8 hours a day. If such a system is t o  provide energy for 24 hours a 
day, it must have three times as much power capacity as one which 
operates continuously day and night. Second, if a highly efficient stor- 
age and retrieval system is used, it is very expensive. In a small wind- 
mill power system, for example, the cost of the battery storage com- 
ponent is usually 50 percent of the total cost. In a large power system, 
a cheaper, less efficient (about 50 percent) storage system would prob- 
ably be used. The power capacity of such a system would have t o  be 
further increased, in order t o  supply the additional power lost in 

Twenty-f our 
hours a day 
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Since the ocean‘s surface 
waters act as a vast reposi- 
tory of solar heat, sea 
thermal plants will not 
require heat storage capac- 
ity in order to produce 
power during periods of 
little or no sunlight. 

retrieval. Limits on available amounts 
of sunlight constitute probably the 
most important obstacle t o  widespread 
solar development. (Of course, if a 
solar power system is intended for 
peak power demands only, which 
usually occur during daylight hours, 
storage is not necessary.) 

How It Works 

The heat engines in sea thermal plants 
transform heat energy into the me- 

Water 
Intake 

Warm J 

chanical work of spinning a turbine. 
Heat engines in fossil-fueled and nucle- 
ar power plants perform the same 
operation. In both cases, generators are 
connected to the turbines t o  produce 
electricity . 

The main consideration here is the 
step involving transformation of heat 
energy into mechanical energy to drive 
the turbine. According t o  the second 
law of thermodynamics, heat can be 
transformed into work only while it 
flows from a hotter “heat source” t o  a 
colder “heat sink.” In a steam turbine 
powered by oil or coal, fuel is burned 
to provide heat, and the natural out- 
side environment is the heat sink. The 
burning fuel heats the water in the 
boiler, producing steam (the working 
fluid), which expands and is driven by 
the rush of heat to the heat sink. The 
turbine, a special kind of wheel, or 
series of wheels, with vanes or buckets 
mounted on it, harnesses the rushing 
steam. Some of the steam condenses 
into water as it gwes up energy in the 
turbine. Remaining steam is condensed 
in the heat sink, also called the con- 
denser (see Figure 1). 

This entire process is what is meant 
by harnessing the variation between 
two temperatures. The application of 
this principle to  the ocean’s stored 

heat was first suggested in 1881 by 
Jacques d’Arsonva1. One of his stu- 
dents, Georges Claude, went on t o  
build a small working sea thermal plant 
on the coast of Cuba in the late 
1 9 2 0 ~ . ~  

While steam is the working fluid in 
a steam turbine, Claude used warm sea 
water as ihe working fluid in his sea 
thermal plant, a method now referred 
to as the Claude process, o r  the open 
cycle method. The problem with the 
Claude process, however, is that the air 
pressure on the warm water must be 
lowered to a point where vapor will 
form which can propel a turbine. 
Water vapor, however, has a low den- 
sity which requires that the turbine 
have a proportionately large area of 
vanes. Such a turbine for a commercial 
plant would be inordinately large, ex- 
pensive, and difficult to  maintain. An 
open cycle turbine for a 100-megawatt 
sea thermal plant, for instance, would 
have t o  be more than 40 feet in 
diameter. 

An alternative to warm water would 
be a type of working fluid which va- 
porizes (boils) at the upper reaches of 
the given temperature range, yielding a 
high-density vapor, and, of course, con- 
denses in the lower end of the range 
(as in an ordinary refrigerator). Warm 

Turbine 
Condenser 

Expanding Secondary Vapor 

Evaporator 

e Secondary Fluid 

Heat Exchangers 

--.) 

Water 
Outlet FIGURE 1 

SEA T H E R M A L  POWER GENERATING CYCLE 
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and cold sea water would then be used 
alternately to  vaporize and condense 
the working fluid. Turbines for the 
working fluids - of whxh ammonia 
and propane are two possibilities - can 
be approximately one-tenth the size of 
an open cycle turbine. 

The use of a working fluid other 
than vaporized sea water, however, pre- 
sents its own problem: Heat ex- 
ch’angers must be built into the plant 
design. A heat exchanger is simply a 
surface - usually metal - which sepa- 
rates the working fluid from the heat 
source and the heat sink: permitting 
the heat t o  travel from the source (in 
this case, warm sea water) through the 
working fluid (a more volatile fluid) 
and into the heat sink (cold1 sea water). 
There are many technical difficulties 
associated with the design of efficient 
heat exchangers for sea thermal plants. 
These will be discussed latter in con- 
nection with plant construction costs. 

Finding Warmer Waters 

The general location of the sea thermal 
r e s o u r c e  i s ,  roughly, the 1,700- 
mile-wide area around the equator be- 
tween the Tropic of Capricorn and the 
Tropic of Cancer. The ocean covers 9 0  
percent of the earth’s surface in this 
equatorial region. Some of the most 
promising areas for sea thermal devel- 
opment are the South Atlantic Equato- 
rial Current area, the Gulf of Panama, 
Micronesia, and the northwest coast of 
Australia south of Java.3 Other areas 
with usable temperature variations are 
the sea around Hawaii, most of the 
Caribbean, the Gulf Stream off the 
east coast of Florida, the Gulf of 
Mexico, the Arabian Sea, the Indian 
Ocean, the East Indies, and the Atlan- 
tic Ocean of the coast of West Africa. 

One of water’s most important 
properties in this application is that it 
forms relatively stable isothermal layers 
- layers determined by temperature 
and density - which can be: tapped for 
sea thermal power without significant 
disturbance. The combination of this 
property with the global pattern of 
ocean circulation forms tlhe physical 
and environmental foundation for sea 
thermal power. In general, warm water 
flows away from the equatorial regions 
while cold water from the polar re- 
gions flows under it toward the equa- 
tor. In the Gulf Stream off the east 
coast of Florida, for example, warm 
sea water flows northward in a current 
more than 100 feet deep ;at a rate of 
27 million tons per second with cold 
water flowing southward just beneath 
it. As the cold water reaches equatorial 
regions, it is heated, its density .de- 
creases, and it rises t o  the surface t o  
begin its flow toward one of the poles. 

The reverse process takes place with 
warm water reaching the polar regions. 
This vast ocean circulation guarantees 
the renewability and reliability of sea 
thermal power’s heat sink. 

Cost Factors 

While nuclear and fossil-fueled plapts 
operate with artificially induced tem- 
perature variations of hundreds of 
degrees, sea thermal plants must oper- 
ate on small, naturally occurring tem- 
perature variations (30 t o  40 de- 
grees F.). A fundamental law of ther- 
modynamics is that, given a heat 
source and a heat sink, there is a maxi- 
mum theoretical amount of useful 
work output. With a large temperature 
variation, the maximum theoretical 
amount is close t o  90 percent; with a 
smaller variation, it is less than 10 per- 
cent. However, the actual amount of 
useful output is approximately half of 
the theoretical amount. Hence, a sea 
thermal plant will only yield about 2 
to 4 percent efficiency in actual opera- 
tion, while nuclear and fossil-fueled 
plants yield 30 t o  4 0  percent. For 
many years, this extremely low effici- 
ency discouraged many investigators of 
sea thermal prospects. What these in- 
vestigators perhaps failed t o  consider is 
the total economics of the power 
source; if the fuel is free, the effici- 
ency factor changes significantly. 

With the costs of all conventional 
fuels continuing t o  escalate since the 
1973 Arab embargo of crude oil, alter- 
native energy sources have been more 
closely examined than ever before. 
Two years ago, the National Science 
Foundation ( N S F )  and the Energy Re- 
search and Development Administra- 
tion ( E R D A )  awarded large grants for 
parallel feasibility studies of sea ther- 
mal power t o  two aerospace com- 
panies, T R W ,  Inc., and Lockheed Mis- 
siles and Space Company, Inc. These 
studies resulted in cautious corrobora- 
tion of the conclusions of earlier pio- 
neering studies: Sea thermal power is 
technically feasible and commercially 
promising. 

The T R W  feasibility report included 
close examination of the cost estimates 
of three different sea thermal research 

The heat engines in-sea 
thermal plants transform 
heat energy into the me- 
chanical work of spinning 
a turbine. 

groups. One of the report’s major con- 
clusions was:3 

“The TRW team has conservatively 
estimated capital costs of proponents’ 
concepts, based on present technology 
in equipment, materials, and fabrica- 
tion. A range, in 1974 dollars, between 
$1,400 per kilowatt and $1,700 per 
kilowatt spans the proponents’ con- 
cepts. These figures are higher than 
proponents’ estimates, all of which 
appear to  reflect significant economies 
resulting f r o m  technology develop- 
ment. If the TRW estimates are regard- 
ed as reflecting present technology, the 
proponents’ estimates would seem t o  
give incentive t o  OTEC [ocean thermal 
energy conversion] technology devel- 
opment.” 

By comparison, estimated construc- 
tion costs of nuclear plants planned for 
1985 operation will range between 
$830 and $1,000 per kilowatt. Coal- 
fired plants, including devices t o  re- 
duce emissions of sulfur dioxide and 
particulates, will cost about $750 per 
kilowatt to  build. Both must buy fuel. 
Electricity from these nuclear plants 
will cost a t  least 37 mills per kilowatt- 
hour; electricity from the coal-fired 
plants will cost about 44 mills. Elec- 
tricity from the sea thermal power 
plants may be as low as 25 mills per 
kilowatt-hour. 

E R D A ’ s  position, based on the 
TRW and Lockheed studies, is that sea 
thermal power will be commercially 
attractive if the predicted capital costs 
c a n  b e  c u t  f rom the estimated 
$1,400-t0-$1,700 per kilowatt t o  about 
$1,000 per kilowatt. Research teams at 
the Johns Hopkins Applied Physics 
Laboratory, the University of Massa- 
chusetts, and Carnegie-Mellon Univer- 
sity all believe the $1,000 figure is 
achievable. 

Clarence Zener, professor of engi- 
neering at Carnegie-Mellon University 
and a leader of the sea thermal team 
there, believes that the cost of one of 
the most expensive items in a sea ther- 
mal plant, the heat exchangers, might 
be cut in half if specially designed sur- 
faces to  improve heat transfer were 
used - an improvement which would 
make possible the use of heat ex- 
changers with a smaller surface area. 
While some experts estimate the ex- 
changers t o  constitute 26 percent of 
the total cost of sea thermal plants, 
others estimate the cost a t  more than 
50 percent. Thus, a significant cut in the 
cost of the heat exchangers could great- 
ly reduce the construction cost of the 
entire plant. Most researchers agree that 
the development of low-temperature 
heat exchangers, a relatively new field, 
presents the greatest challenge in the 
field of sea thermal power. 

U n l i k e  c o n v e n t i o n a l  heat ex- 
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changers, sea thermal exchangers must 
handle enormous quantities of water -- 
about 13,000,000 gallons per minute 
in a 100-megawatt plant. The area of 
the exchangers must be correspond- 
ingly large, running into millions o f  
square feet. Since the availahle temper- 
ature variation is small, the efficiency 
of heat transfer must be high. While 
the heat exchangers in sea thermal 
plants are not required to withstand 
the high temperatures characteristic of 
nuclear and fossil-fueled plants, they 
must he able to resist corrosion by sea 
water. Fouling by marine organisms 
(slime and barnacles) could also be a 
very serious problem. Mechanical or 
chemical cleaning may he too expen- 
sive, as well as possibly harmful to 
marine life in the surrounding water. 
The choice of materials and design for  
heat exchangers must take all of these 
problcms into consideration. 

Yet another consideration is the dif- 
fering characteristics of sea water in  . 
different locations. According to  a 
privately funded feasibility study, per- 
formed for Sea Solar Power, Incor- 
p ~ r a t e d : ~  "Site selection IS  extremely 
important to the generation of trouble- 
free power. . . . The ideal site should 
have 3 gentle, directional current and 
an ahsence of fouling organisms and 
corrosive elements in the sea water." 

The longevity of the plants and the 
reliability of power generation are two 
more aspects of the costs. Other specif- 
ic economic factors will be discussed 
later. 

Going to Sea 

Most of the construction of sea ther- 
mal plants will be done in shipyards. 
Tugboats will move the plants to their 
sites. Cold-water pipes could be floated 
to the sites in  telescoped form, as has 
been proposed by Lockheed, to be in- 
stalled and extended there, or hauled 
to the site in sections for on-the-spot 
assembly. 

According to a member of the T R W  
research team : ' 
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“In contrast with land-si.ted power 
plants, the opportunities for cost sav- 
ings through replication are significant. 
An analogy, in terms of design and 
construction, is shipbuilding: Identical 
oTEC plants might be constructed in 
quantities constrained only by demand 
and production capacity.” 

Zener pointed out some years ago 
that the principles at work in sea ther- 
mal power d o  not involve advanced 
technology but, rather, “sophisticated 
plumbing.”6 A large part of the escala- 
tion of capital costs of nuclear plants 
has been laid t o  increasingly stringent 
safety and environmental standards. 
Sea thermal power, because of its in- 
trinsic safety and ecological acceptabil- 
ity, will not be similarly affected. 

The job of stationing a sea thermal 
plant on  site involves problems of 
ocean engineering. The greatest chal- 
lenge here is probably presented by the 
cold-water pipe, which must have a 
very large diameter (at least 40 feet) in 
order to  decrease expensive pumping 
requirements. The pipe must be from 
1,000 feet to  4,000 feet in length, de- 
pending on  the site, in order t o  obtain 
the coldest water possible. With the 
small ,temperature range involved, each 
degree of temperature difference is cru- 
cial; questions of economy, such as 
whether it is worthwhile tci lengthen 
‘the pipe to  obtain water which is one 
degree colder, will have t o  tie decided 
on the basis of further research and ex- 
perience. 

Several types of cold-water pipe 
have been proposed: concrete pipe 
resting o n  the ocean floor, itelescoped 
concrete sections with voids for buoy- 
ancy, welded reinforced aluminum, 
steel pipe with inner walls o f  smaller- 
diameter pipe, and reinforced synthetic 
pipes. Research is now being done t o  
determine the static and dyna.mic loads 
on these various pipes. 

Fiber-reinforced plastic, or nylon 
coated with neoprene and stiffened 
with steel rods, appear to  be promising 
materials for the cold-water pipe. It is 
not clear at this point whether the 
technology has advanced far enough t o  
enable such pipe to be cclnstructed 
ecopomically. 

The s u e  and construction of the 
plant’s hull are also significant factors 
in determining cost and siting. TRW’s 
and Lockheed’s baseline concepts call 
for very large cylindrical and spar hulls 
of reinforced concrete which will 
house the turbines, the pumps;, and the 
heat exchangers. 

J. Hilbert Anderson and his son, 
James H. anderson, two pioneers in 
the field and founders of Sea Solar 
Power, Incorporated, believe that a 
much more compact hull is possible if 
the heat exchangers are placed outside 
the hull at depths where the ocean’s 
hydrostatic pressure equals the pressure 
inside the exchangers. If  the Andersons’ 
proposal is feasible, not only can the 
hull be significantly smaller, but the 
heat exchangers can have thinner walls 
(because they do not have t o  withstand 
internal pressure) and can therefore be 
less expensive. 

Positioning the plants will probably 
be done with the use of jet streams of 
used warm water and cold water from 
the plants, another innovation first 
proposed by the Andersons. Perman- 
ently mooring the plants appears ex- 
pensive and unnecessary. 

The most formidable ocean condi- 
tion is the “sea-air interface,” where 
waves, winds, and storms can do much 
damage. The best strategy is simply t o  
submerge a large portion of the plant 
to  depths where the water is free of 
wave action. The resulting stability will 
be much greater than, for example, 
that of off-shore oil rigs. Maintenance, 
of course, is made more difficult, but 
most of the plant should be relatively 
maintenance-free. The periodic use of 
frogmen, if only for inspection pur- 
poses, is probably unavoidable. 

Sea Thermal Products 

Neither the T K W  nor the Lockheed in- 
vestigators were asked t o  study the 
question of energy delivery t o  shore. 
Yet energy delivery is obviously of 
grea t  significance for sea thermal 
power because the best plant sites, gen- 
erally speaking, lie far from the biggest 
users of electricity. 

A very important factor which most 
investigators have come to realize is 
that forms of energy other than elec- 
tricity must be produced if the use of 
sea thermal power is ever t o  become 
widespread. One such use, first pro- 
posed by William E. Heronemus, pro- 
fessor of civil engineering at the Uni- 
versity of Massachusetts and head of 
the university’s sea thermal team, is 
the production of hydrogen at the 
plants by electrolysis. Many experts 
consider hydrogen theoretically the 
ideal synthetic fuel: It can be mixed 
with natural gas; it can power fuel 
cells; it can be burned in power plants; 
and, unlike electricity, it can be stored 
cheaply. 

Other investigators, especially G. L. 
Dugger at the Applied Physics Labora- 
tory at Johns Hopkins University, have 
proposed the production of ammonia, 
an energy-intensive product usually 

manufactured from natural gas. Dugger 
would combine nitrogen removed from 
the air with hydrogen produced by 
electrolysis to make ammonia.7 

The most ambitious proposal so far 
has been made by the Andersons:8 
Fresh water, marine food, carbon 
dioxide, oxygen, and nitrogen could be 
produced with relatively little power 
consumption. Hydrogen, methanol, and 
ammonia could be produced using on- 
site power. 

Fresh water is produced by vaporiz- 
ing some of the used warm sea water 
and then condensing it with used cold 
water. Only 1 t o  2 percent of the 
warm water passing through the plant 
would ordinarily be made into fresh 
water, according t o  Anderson. In a 
100-megawatt plant, this would run t o  
about 150 million gallons per day. At 
20 cents per one thousand gallons, the 
fresh water could earn $1 1 million a 
year. Fresh water can be barged very 
cheaply. And in areas where fresh 
water is more valuable than electricity 
or synthetic fuels, plants could be 
designed t o  produce much larger 
amounts of fresh water. 

A portion of the nutrient-rich cold 
water will be sufficiently warmed in 
condensing the fresh water for it t o  re- 
main near the surface of the ocean, 
where it can be used in food-related 
projects. An experimental mariculture 
farm based on  nutrient-rich cold water 
has been in operation on  the island of 
St. Croix for several years.’ Depending 
on the required number of tons of 
water per kilogram of fish, income 
could range from $7 million t o  $80 
million per year. 

The Andersons propose t o  deaerate 
the warm sea water before sending .it 
through the heat exchangers, in order 
t o  control fouling of the exchangers by 
aerobic organisms. The components of 
the removed air - mainly oxygen, car- 
bon dioxide, and nitrogen, which are 
present in higher concentrations in sea 
water than in the air above - could 
then be separated by refrigeration tech- 
niques. The yearly income from carbon 
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dioxide is estimated at  $32 million; 
from nitrogen, $6.5 million; and from 
oxygen, $5.5 million. 

T h e  electricity itself would be 
worth $17 million a t  25 mills per kilo- 
watt-hour. If the electricity is used for 
electrolysis, the resulting hydrogen, at 
$1,900 per ton, is worth $33 million. 
Additional oxygen worth $6.5 million 
would also be produced. 

The synthetic fuel, methanol, can 
be produced by combining hydrogen 
from electrolysis with carbon dioxide, 
but at current prices such production 
is not profitable. Ammonia, which can 
be produced by combining hydrogen 
and nitrogen, would cost $170 per ton 
t o  produce and, again, may not be 
profitable at this time. 

If gases such as hydrogen, oxygen, 
carbon dioxide, and nitrogen - all of 
which have important industrial uses - 
are produced on  sea thermal plants, it 
may be a natural step for the plants t o  
act as bases for major refining and 
manufacturing processes. The possibil- 
ities of ammonia and methanol produc- 
t i o n  h a v e  been mentioned. Both 
Anderson and Dugger have proposed 
locating aluminum reduction factories 
on board sea thermal plants or nearby 
on shore. Several countries with large 
bauxite deposits, such as Jamaica, are 
in the tropics near the sea thermal re- 
source. Yet, currently, bauxite ore is 
transported as far away as Canada, 
where it is then made into aluminum 
- an energy-wasting proposition. (Pri- 
mary production of aluminum in the 
U.S., incidentally, accounted for about 
12 percent of the total 1975 industrial 
electrical sales.) E R D A  and the U.S. 
Maritime Administration have made 
grants for the study of the potential of 
sea thermal industrial complexes. 

The main product of the first sea 
thermal plants, however, will probably 
be electricity. Hawaii, Puerto Rico, and 
Florida have sites near centers of high 
demand for electricity. According t o  a 
privately funded feasibility s t ~ d y , ~  
underwater cable power transmission is 
feasible, costing $13 million for a 
twenty-mile cable system, or 5 t o  1 0  
percent of the total capital cost of a 
1 00-mega wat t plant . 

Environmental Effects 

Because the use of sea thermal power 
does not require extraction of fuel 
from the earth or burning of fuel in its 
operation, many of the environmental 
effects, such as air pollution and radio- 
active contamination, associated with 
nuclear and fossil-fueled power plants 
are not present. Nevertheless, one 
direct consequence which has been sug- 
gested by the Andersons is the heating 
of the ocean. It might seem, at  first 

. 

glance, that just the opposite would 
occur; that is, that the ocean’s ternper- 
ature would be lowered because of the 
removal of energy from the water. The 
Andersons hypothesize, however, that 
removal of the warmest water from the 
surface and its subsequent release into 
the ocean’s depths (a necessary step in 
the sea thermal process) will enable 
more solar heat t o  enter the surface 
water, thereby slightly increasing the 
total heat in the ocean. 

It should be stressed that the pre- 
dicted temperature increases, even if 
the sea thermal resource were devel- 
oped on  a large scale, are so small that 
they can be measured in thousandths 
of degrees. Most other sea thermal in- 
vestigators do not believe there will be 
any change at all in the amount of 
heat in the ocean. This, again, is an 
area which needs further study, both 
in regard t o  effects o n  marine life and 
on weather conditions. (Weather mod- 
ification can be caused by even small 
alterations in the heat balance of the 
ocean.) 

Another possible effect on  marine 
life might be caused by a massive spill 
of the working fluid. Obviously, the 

effect would depend on the type of 
working fluid being used, Proposed so 
far are ammonia, the hydrocarbon pro- 
pane, and any one of several heavy 
halocarbons. The possibility of such an 
accident occurring, and its conse- 
quences, must be considered. 

As mentioned earlier, local fertiliza- 
tion will occur as the result of warm- 
ing of cold water through its use as a 
condensing agent. This is considered 
commercially beneficial. Still, it is also 
a major ecological stress the long-range 
effects of which are not fully under- 
stood. E R D A  is supporting studies in 
the entire area of ecological conse- 
quences of sea thermal power. 

World Impact 

The results of developing an entirely 
new energy source would naturally be 
significant, as well as varied and unpre- 
dictable. Sea thermal power’s economic 
effects on  the tropics alone will be 
profound. Economic growth has histor- 
ic  a 11 y been harmful t o  ecological 
balance, causing depletion of natural 
resources and fouling of the air, water, 
and soil. Environmentalists have under- 
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standably come t o  the conclusion that 
the populations of econcimically ad- 
vanced nations must begin to  learn to  
“do with less.” 

In this light, the alternative of sea 
thermal power offers several advan- 
tages: For instance, its widespread use 
would require, in some me:asure, clean 
oceans. The presence of oil slicks could 
foul the exchanger surfaces, making 
efficient use of the resource difficult. 
Corrosive chemicals in the sea water 
could shorten the life of the heat ex- 
changers. 

Another point in favor of sea ther- 
mal power is that it taps constantly 
replenished solar heat instead of releas- 
ing the concentrated stored heat ac- 
cumulated over millions of years. The 
Lockheed report states:’ 

“The approximate 3 percent of the 
energy that OTEC extrac1:s from the 
sea water passing through it at one 
time is a small amount, t o  be sure. But 
the balance of the energy is returned 
to the ocean reservoir where it is aug- 
mented by the sun and can be used 
again later.” 

E R D A  (and, earlier, the N S F )  de- 
serves credit for making sea thermal 
power acceptable as a possible new 
energy souice. Since the research pro- 
gram began in 1972, the federal sup- 
port for it has approximaitely tripled 
each year; and from 1974 t o  1975, it 
quadrupled t o  $3,000,000. 

J .  Hilbert Anderson, the earliest 
modern innovator in the field, believes 
the technology exists now for the 
design and construction of a 100-mega- 
watt sea thermal plant which could be 
in operation within four 01: five years. 
It is his opinion that only the exis- 
tence of a completed plant producing 
significant amounts of power will pro- 
vide sufficient motivation t o  launch an 
intensive development pIogram. Once 
launhed ,  he believes, sea thermal 
power will prove t o  be the most im- 
portant technological advance of the 
twentieth century. 0 

The title of  this article as originally 
submitted was “Sea Thermal Power. ’’ 
The publisher and editors o f  Environ- 
ment are responsible for the published 
titles and subtitles, selectioii o f  photo- 
graphs and lead-in excerpts, photo cap- 
tions, and preparation o f  most graphs 
a n d  illustrations which appear in 
Environment articles. 
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Biomass Energy: 
the Promise and the Problems 

While urging research on and deyelopment of 
biomass-based energy, t h e  author  reminds us t h a t  t h e  
environmental  impacts  of such development should be  
carefully assessed as w e  go along.. 
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Using Solar Power Captured by Plants 

Biomass Energy 
The Prornise and the Problems 

OLAR ENERGY usually brings 
to mind flat plate collectors, 
photovoltaic converters or 
other devices that transform 
the sun’s rays into heat or 
electricity. Yet long before 
these conversion devices S were invented, the sun 

supplied virtually all of the world’s energy 
requirements without technological help. 
It did this through one of nature’s most 
fundamental chemical reactions, the 
synthesis of carbohydrates from carbon 
dioxide and water in the presence of 
light-photosynthesis. 

Besides directly producing food crops, 
photosynthesis has yielded firewood for 
warmth and for cooking. Animals that 
convert the energy in their feed have trans- 
ported us, tilled our fields and turned 
grinding wheels. From animal fats we’ve 
made candles to light our dwellings. But 
with the advance of technology, these sim- 
ple conversions of photosynthetic energy 
have been increasingly supplanted by their 
modem fossil-fuel-based counterparts: 
steam and internal-combustion engines, 
electric light bulbs and furnaces fueled by 
coal, natural gas or petroleum. Even food 
production, once the exclusive domain of 
photosynthesis, now involves consider- 
able use offossil fuels. Now, ofcourse, the 
problems resulting from heavy depend- 
ence on fossil fuels have become evident. 
So there is considerable interest in finding 
Repr in ted  f r o m  SIERRA, January /February  
r igh ts  reserved.  

WILLIAM LOCKERETZ 

ways to reverse this trend, and many 
methods are being developed for using the 
energy captured by photosynthesis-or, to 
use the more recent term, “biomass 
energy.’ ’ 

Biomass energy systems vary in the ma- 
terial that is the original energy source, in 
whether this material is produced primar- 
ily for energy, and in the process used to 
extract the energy in usable form. 

Almost every type of plant can be a 
source of useful energy-trees, nonwoody 
perennials, cultivated annual or biennial 
crops, and freshwater and marine plants. 
Either the whole plant may be used, or 
only the residues after harvesting and sub- 
sequent processing steps; usable residues 
include cotton-gin trash, rice hulls and nut 
shells. And almost every type of plant can 
be transformed into a particularly rich and 
available potential source of energy- 
livestock wastes or, from humans, sewage 
sludge. Energy can be extracted, too, from 
municipal refuse, since much of it is paper, 
wood and related products. 

Some of the materials used as biomass 
energy sources are produced primarily for 
that purpose-kelp grown in offqhore en- 
ergy “farms” is one example that has been 

given considerable attention recently. But 
many of these materials are processed for 
some other purpose, with energy a poten- 
tial byproduct. Some materials, in  fact, 
occur naturally and need only be collected 
to be usable energy sources. Gathering 
fallen wood in an unmanaged forest is at 
one extreme among the many ways of 
exploiting trees for energy. At the other is 
the ultimate extractive use of forests- 
coppicing, or harvesting whole trees at 
three-to-five-year intervals from special 
plantations. (With an appropriate choice of 
species, such a plantation will renew 
itself-new trees will grow from the 
stumps left after h’arvest.) An intermediate 
system would manage a forest primarily 
for lumber, in an environmentally respon- 
sible manner, while extracting energy 
from chips and such unusable residues. 

Such cultivated crops as corn could be 
grown specifically as an energy source. 
But since corn grain is more valuable as 
food, a more advisable scheme would be to 
extract energy only from the ordinarily un- 
used residues (cobs, leaves, and stalks) as 
an adjunct to normal corn production. 

Energy can also be produced frbm natu- 
rally occurring aquatic plants. In fact, ob- 
taining energy from a plant that would 
otherwise be a nuisance, such as the water 
hyacinth, is a particularly attractive 
possibility-it offers an economic incen- 
tive for clearing the densely growing 
hyacinth from clogged waterways. How- 

1979, with  permission of t h e  S i e r r a  Club, copyr ight  @ 1979. All 
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ever, with many aquatic plants, obtaining 
enough material to justify energy extrac- 
tion would require intensified cultivation, 
as in the kelp farms. 

M a n y  processes can be used to obtain 
energy from plant materials or organic 
wastes. The most obvious is simply to bum 
them. But except for wood, direct combus- 
tion is generally not very suitable, either 
because the material contains too much 
moisture, because it is not clean-burning, 
or because it is too bulky to be readily 
transported to where it will be burned. 
However, what is regarded as unsuitable in 
an affluent society might be a necessity 
under other conditions. Nineteenth- 
century pioneers on the treeless Great 
Plains burned hay and dried animal dung 
for home heating and cooking, and dung is 
still important in countries such as India. 
When the price of corn fell to disastrously 
low levels during the Great Depression, 
American farmers sometimes burned corn 
because it was cheaper to do that than to 
sell it and buy coal. 

Even in affluent and technologically ad- 
vanced societies, there are some circum- 
stances-generally when the material is a 
waste that has to be disposed of anyway- 
in which direct combustion is a practical 
and economical way of obtaining useful 
energy. The Hawaiian sugar industry not 
only provides energy for its own use by 
burning bagasse (wastes from sugar-cane 
processing), it even generates a surplus of 
electricity, which it sells to the state’s util- 
ity company. The pulp and paper industry 
also derives appreciable amounts of en- 
ergy from its own wastes. 

But for rnos! materials, some kind of 
processing is desirable to produce a more 
concentrated and clean-burning fuel. 
Some of the many possible methods have 
been in use for a long time. Fermentation 
of plants rich in sugar has produced al- 
cohol since antiquity, sometimes (but not 
usually!) for use as fuel. When livestock 
wastes, crop residues and other organic 
wastes are digested by anaerobic bacteria 
(those that grow in the absence ofoxygen), 
a gas is produced that contains methane, 
the main component of natural gas. 
Anaerobic digestion is also a common 
method of stabilizing sewage sludge, and 
for several decades European treatment 
plants have collected the methane thus 
produced. (In the United States, the 
methane is often used to supply at least the 
treatment plant’s own energy needs.) 
Combustion of wood or crop residues in a 
limited oxygen supply produces a low- 
energy gas containipg carbon monoxide 

and hydrogen. This prqcess is similar to 
the old method of producing “town gas” 
fromcoal, which became obsolete with the 
abundance of natural gas. Gas made from 
wood was used in Europe during World 
War I1 because of severe motor-fuel 
shortages. This gas can also be converted 
to methanol, or wood alcohol-adding 
this to gasoline makes a more efficient, 
cleaner motor fuel. 

Energy from biomass can also be ob- 
tained with more exotic techniques- 
some are in use now on a limited scale, and 
some are still being developed. In a pro- 
cess known as pyrolysis, organic materials 

solar energy from satellites when as yet 
few homes have even simple solar water 
heaters. 

Whatever disagreements exist among 
advocates of various biomass energy sys- 
tems, methane generation from livestock 
manure by anaerobic digestion is near the 
top of almost everyone’s priority list. 
Large quantities of livestock manure are 
constantly produced and must be disposed 
of in some way. The technology of 
methane generation is well established 
and, at least in simple form, is readily 
available. Thousands of methane genera- 
tors are in  use in India and other parts of 

There is a natural tendency among researchers 
to work on whatever ofSers the most interesting research . . . 

while ignoring simpler approaches 
that could be applied right now. 
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are heated in the absence of air to yield a 
low-energy gas and a charcoal-like solid 
fuel. Or, to produce a liquid fuel from or- 
ganic materials, they can be hydrogenated 
at high pressure. One of the most common 
forms of organic materials is cellulose, an 
important component of wood and crop 
residues, and this resists many of the sim- 
pler conversion processes. Now, consider- 
able attention is being given to treating it 
with enzymes that break it down into 
sugars which can be fermented. Older 
techniques exist that use acids instead of 
enzymes to digest cellulose, but the sugar 
yield is much lower. 

o f  course, not every combination of en- 
ergy source material, production method 
and conversion process results in a practi- 
cal (or even physically possible) system 
for obtaining biomass energy. Still, there 
are many systems already in use, or that 
give considerable promise of becoming 
practical after further research. Each of 
these systems has certain benefits and limi- 
tations. If biomass energy programs are to 
evolve in a rational way, the advantages 
and disadvantages must be taken into ac- 
count, and priorities must be assigned to 
the various schemes. There is a natural 
tendency among some researchers to work 
on whatever scheme offers the most in- 
teresting research-usually the most tech- 
nically sophisticated one-while ignoring 
simpler approaches that could be applied 
right now. Biomass energy development 
will not be served by the kind of thinking 
that, in conventional solar research, has 
led to work on microwave transmission of 

Asia, although they leave room for consid- 
erable technical refinement. 

Methane is produced by letting bacteria 
digest a slurry of manure and water in a 
vessel from which air is excluded. 
Through a complicated chain of biochemi- 
cal reactions, some of which are not com- 
pletely understood, the complex organic 
molecules are broken down first to simpler 
organic compounds such as acetic acid (the 
acid of vinegar), and eventually to carbon 
dioxide and methane. If a gas with a higher 
energy content is desired, this mixture, 
frequently called “biogas,” can be 
purified into a form that is essentially the 
same as natural gas. Besides removing the 
inert carbon dioxide, purification takes out 
trace contaminants such as hydrogen 
sulfide that otherwise would interfere with 
certain uses of the gas. Livestock manures 
can be made to yield methane on any scale, 
from a simple farm operation with a few 
head of cattle to enormous digesters han- 
dling wastes from several thousand head in 
a commercial feedlot. 

Methane production from livestock 
wastes illustrates an important dilemma 
concerning biomass energy systems gen- 
erally: Maximizing energy production is 
not necessarily compatible with environ- 
mental quality. With interest in renewable 
energy sources increasing, it is sometimes 
assumed that “renewable” automatically 
implies “environmentally sound.” Cer- 
tainly the inverse can be true: Although 
many nonrenewable energy technologies, 
such as offshore drilling, stripmining and 
use of supertankers, are not environmen- 
tally sound, it would be a serious mistake 
to assume that the potential environmental 
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impact of biomass can be ignored just be- 
cause the source is renewable. 

With livestock manures, the conflict be- 
tween maximum energy production and 
environmental protection arises because 
methane production has an efficiency of 
scale. Larger units are more efficient, es- 
pecially in temperate climates where some 
of the methane must be burned to maintain 
the digester’s temperature in the range re- 
quired by methane-producing bacteria. 
Heat loss from the digester becomes less of 
a problem with larger facilities because of 
the decreasing surface-to-volume ratio. 
Consequently, net energy production is in- 
creased when livestock are concentrated 
into large feedlots or when the manures are 
collected from scattered smaller farms. In 
either case, one then has the problem of 
disposing of organic residues left in the 
digester. 

O n  a farm, using the amount of organic 
material left from methane production is 
no problem; the material is very good as a 
soil conditioner and fertilizer, even better 
than raw manure. But the quantities ac- 
cumulating at a large centralized facility 
might greatly exceed the carrying capacity 
of nearby agricultural land. Besides posing 
a potentially serious environmental threat, 
disposing of the residues by applying them 
to land at excessive rates or by means other 
than land application would be significant 
waste of a resource. 

The same tradeoff occurs with systems 
that use plant residues left on the fields 
after harvest. Using all the available plant 
material will certainly maximize energy 
production, but it will also kave the soil 
unprotected against erosion and unre- 
plenished by the decaying vegetation. Sil- 
tation and sedimentation from excessive 
erosion is a serious environmental problem 
in many areas and, what is even more 
significant, it indicates the loss of an i m -  
placeable resource. It would be ironic if, 
out of a desire to find substitutes for one 
nonrenewable resource, fossil fuel, we in- 
creased the loss of topsoil, a resource that 
not only is not readily renewable but, un- 
like fossil fuels, has no substitutes. 

There is also tradeoff betwleen technical 
efficiency on one hand and, on the other, 
the ease with which a system can be used 
(and thus the likelihood tbat it will be 
adopted). Because biogas generation is 
very sensitive to changes in temperature 
and in the quantity and composition of the 
manure supply, net energy production can 
be increased by using more :sophisticated 
monitoring and control equipment and by 
devoting more attention to the system’s 

operation. This may not pose a problem for 
a large, specialized facility primarily in- 
tended for energy production. On a farm, 
however, biogas production could only be 
a subsidiary activity. Presumably, farmers 
will not be interested in it if it requires too 
much care-especially during periods 
when their main concern is planting or 
harvesting on time. The design of biogas 
and other biomass energy systems is, un- 
fortunately, sometimes approached only as 
an engineering problem, with little consid- 
eration given to the needs of the ultimate 
user. The system that works best when run 
by engineers under the highly controlled 
conditions of a laboratory or experiment 
station may not be the one most farmers 
would prefer. While farmers differ consid- 
erably in their attitudes towards risks and 
their willingness and financial ability to 
invest in expensive equipment, it seems 
likely that many would accept a lower net 
energy output in exchange for dependabil- 
ity, lower capital cost and relatively care- 
free operation. 

Finally, there is the obvious question, 
how much of our energy budget can be 
supplied through biomass? If the supply of 
biomass is the only constraint considered, 
the answer is that all of our energy budget 
could be, although such an answer does 
not mean much. A better way to put the 
question would be, how much of our en- 
ergy budget can be supplied through 
biomass with acceptable environmental 
impact, without excessive loss of other re- 
sources, and using systems that farmers 
and other users will find attractive? This 
question is much harder to answer; it is not 
easy to define “acceptable” and “exces- 
sive” and, even after environmental and 
other constraints have been agreed upon, it 
is still difficult to come up with a good 
estimate. But development of biomass en- 
ergy need not be delayed until we have a 
precise answer to this question. We al- 
ready know that biomass can supply 
enough energy to matter, certainly a lot 
more than we are getting from it now. Ad- 
ditional research will provide us with im- 
proved and more efficient systems. Avail- 
able and appropriate technology, if put to 
use with adequate attention toenvironmen- 
tal and resource factors and to the needs of 
eventual users, can make biomass energy a 
significant component of a sensible energy 
program. The most important question, 
therefore, is what are we waiting for? 0 

William Lockeretz is a research associate at 
Washington University’s Center for  the Biology 
of Natural Systems. He edited Agriculture and 
Energy (Academic Press, 1977) and serves on 
the Alternate Sources Subcommittee of the 
Club’s Energy Committee. 
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Thought Snacks 
Producing  food uses  energy ,  and t h e  energy-  

in tens iveness  of s o m e  foods  should g ive  us  pause.  H e r e  
a r e  t h e  r e su l t s  of s o m e  ha rd  thinking abou t  w h a t  w e  eat 
and w h e r e  i t  c o m e s  f rom.  



295 

What’s your steak? 

ThOUglht Snacks 
Bv Thomas Hanna 

We’ll venture a guess that until very re- 
cently most of us, when it  came to think- 
ging about food, hardly considered the 
energy involved. We were nclt much dif- 
ferent from the city dude who thought 
that milk came from cartons not cows. In 
fact, 16 percent of the nation’s energy is 
consumed to produce, proces!;, distribute 
and prepare food for the table. 

There is another form of energy in- 
volved in what we eat -just as real but 
usually unnoticed: solar energy con- 
verted and stored by plants as food. From 
the human perspective, this is a crucial 
process. The diffuse energy of the sun is 
concentrated into a consumable form at 
no cost and with no depletion of fossil 
fuel sources. 

We also tend to forget {hat of the 
energy thus stored in our crops, a con- 
siderable portion will be converted again 
to generate animal protein, the sine qua 
non of the American diet: beef, chicken, 
pork, eggs, milk, butter, lamb and 
turkey. 

Every form of energy conversion has 
waste built in .  A familiar example is the 
automobile engine. About 80 percent of 
the available energy in gasoline goes out 
the pipes as waste heat: a disconcerting 
ratio of five Calories burned1 to do one 
Calorie of useful work. 

Our use of energy to put meat on the 
table is even more inefficient than the 
internal combustion engine. ,4n analysis 
of protein production by Cornell schol- 
ars David and Marcia Pirnentel has 
documented the costs by measuring land 
use, energy and economic factors. David 
Pimentel, a professor of entomology and 
agricultural sciences, has been studying 
ecological considerations in ;agricultural 

.practices for several years. Marcia 
Pimentel is a lecturer in nutritional sci- 
ences concerned with the implications of 
the food system for human nutrition. 
Their analysis of resources and the envi- 
ronment, prepared for the Ford Founda- 
tion, implies that the American diet may 
have to change in the future because of 
the energy crisis. 

They point out, for example, that 90 
percent of all plant protein produced i n  
the U.S.  that is suitable for human con- 

sumption is fed to livestock. And, on the 
average, i t  takes five pounds of edible 
plant protein, plus forage, to produce one 
pound of animal protein. 

The energy ratios are even more dra- 
matic. By the Pimentels’ estimate, 36 
Calories of fossil energy are expended in 
work on the farm for every one Calorie of 
milk protein produced. 

A ratio of 36: 1 fossil energy to protein 
energy is considered very favorable in  
animal protein production. Feedlot beef 
require 78 Calories of fossil energy to 
accomplish a similar protein conversion. 
Range-fed and pasture-fed beef are more 
efficient than their feedlot counterparts, 
converting protein at a ratio of IO: 1. But 
their advantages are greater than the 
numbers imply. First, they require much 
less fossil energy than feedlot beef. Sec- 
ond, they eat plants that, for the most 
part, humans do not use as food. Finally, 
the best ranges and pasture lands are not 
well suited to growing vegetable crops 
for human consumption. The grain diet 
for feedlot beef, on the other hand, is 
grown largely on high quality cropland. 

The Pimentels analyzed land use and 
found that one acre can yield about eight 
times as much protein from plants as it 
can from animals. Soybeans and 
potatoes are leaders in protein yield, with 
corn, rice and dried beans in  the second 
rank (Table 1). Even the most energy 
expensive grain (rice, at 10:l) is 8 times 
as energy efficient in protein production 
as feedlot beef. 

Table 1. Two measures of plant 
protein production efficiency 

Soybeans 
Oats 
Dry beans 
Wheat 
Brussels 

sprouts 
Corn 
Potatoes 
Rice 

Kcal of 
fossil energy/ Kg of 
kcal of protein/ 
protein hectare 

2.06 640 
2.70 276 
3.44 325 
3.44 274 

3.51 604 
3.63 457 
4.25 524 

10.01 388 

What do various sources of protein 
cost at the supermarket? The Pimentels 
calculated the retail price of 20 grams of 
protein (one-third the Recommended 
Daily Allowance). Bargains include 
dried beans, peanut butter and eggs. 
More expensive sources include fish, 
chicken, beef and pork. (Table 2 ) .  

Table 2. Cost of 20 grams of protein 

Dry beans 
Peanut butter 
Eggs, large 
Bread, white enriched 
Hamburger 
Chicken, whole, 
ready-to-cook 
Milk, whole fluid 
Round beefsteak 
Rib roast of beef 
Pork chops, center cut  
Haddock, fi l let ,  frozen 

$0.10 

.I7 

.I8 

. I 8  

.2 I 

.22 

.25 

.38 

.60 

.62 

.65 

Source: Agricultural Research Service 
U.S. Department of Agriculture 1977 

From the Pimentels’ work it could be 
said that we are in the habit of devoting 
our cropland to growing protein-rich 
plants suitable for our table, and’feeding 
much of the harvest to livestock. In the 
process, we expend critical stores of fos- 
sil energy to support our diet of meat. We 
even pay for the privilege-willingly- 
with higher prices for favored sources of 
protein. And, on the average, we con- 
sume twice as much protein as we need 
for good health. 

The Pimentels imply that such na- 
tional behavior may be changing. In a 
paper delivered before the Institute of 
Food Technologists they noted: 

“Pressure for energy, food, land, wa- 
ter, and other resources is significant 

Reprinted with permission f rom HUMAN ECOLOGY FORUM, Volume 8, Number 3, Winter 1978. 
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Thought Snacks 
even today. With the U.S.  and world 
population projected to increase greatly 
during the next twenty-five years, short- 
ages will become critical. Hence. it  is 
important that research on various as- 
pects  of  the food production prob- 
lem, and particularly protein supply. be 
initiated.” 

They outlined five targets for research. 
each having obvious implications for 
public policy and agricultural practices. 

Cropland Studies. Noting that urban 
and highway development alone have 
removed 36 million acres of excellent 
cropland from production, and that ero- 
sion of much of the 460 million acres left 
has already cost us about a third of our 
valuable topsoil, they call for careful 
study of cropland losses. Even more ini- 
portant, they say. is a sound program to 
protect and conserve our remaining ag- 
ricultural lands for food production. 

Relocating Production. The Pimentels 
documented our growing reliance on 
centralized food production. California 
produces and ships 95 percent of our 
broccoli, and 80 percent of our lettuce 
and processing tomatoes. About 96 per- 
cent of our rice is produced in Arkansas, 

’California, Louisiana and Texas. Michi- 
gan, California, Idaho, Nebraska and 
Colorado account for 76 percent of our 
dried beans. Needed is an analysis of the 
relative energy costs of maintaining this 

system of production that relies on grow- 
ing in the ideal location only to send it  
through an energy expensive transporta- 
tion and preservation process. Would it 
make sense to encourage seasonal pro- 
duction in local areas, even if crop vari- 
ety were limited’? Behind the questipn the 
Pimentels find a problem with an implicit 
solution: as energy costs increase, what 
choice will we have? 

Changitig the Protein Diet. Imagine a 
time when you cannot expect to consume 
twice the protein you need because food 
shortages everywhere make such a prac- 
tice more than just an American in- 
dulgence. Much less meat. eggs and 
milk. Less chicken. More beans, corn, 
potatoes and soybeans. More rice. 

Dietary changes are slow to occur i n  
any culture. The Pimentels encourage re- 
search that will make major changes in 
our diet possible. even though they rec- 
ognize that our meat-oriented diet will be 
difficult to modify. 

Grass-Fed Li1,estock. The Pimentels 
estimate that moving to an exclusively 
forage-based livestock production sys- 
tem would reduce animal protein produc- 
tion from six million metric tons annu- 
ally to two million metric tons. To ac- 
complish this. we‘d need to switch from 
pork and chicken to range-fed beef, 
lamb, mutton and goat. They call for 
appropriate research emphasizing im- 

provement of forage production and re- 
duction of overgrazing. 

Packaging and Processing. We called 
attention at the beginning to how much 
energy we devote to food production. 
Only 5 percent of our nation’s energy 
goes to the production of what we eat. 
Another 5 percent goes into processing 
that food for the marketplace. The  
Pimentels note that three times the 
energy required for corn production is 
used to process and package it.  They 
advocate more careful assessment of 
processing and packaging costs (in 
energy and dollars) in the hope that more 
energy efficient technologies might be 
developed. 

Their own conclusion is: 
“The critical interdependencies of 

food, population, energy and land use 
must be understood and more carefully 
examined if we are to assure that our 
nation and the world will be properly fed 
in the year 2000. Research goals in ag- 
riculture need to be redefined and con- 
stantly appraised. We have the talent to 
begin to solve food problems. But we 
must realize that we cannot afford to wait 
for a new decade to begin the job.”  

Other factors than energy are involved 
in food production, but energy may be- 
come a critical consideration in food bills 
and food policy as well. 
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Gasohol: a Choice That May Buy Grief 
In a world that continues to  know famine, Lester 

Brown's question hi ts  home: Will Americans run their  
c a r s  on corn alcohol while t h e  Third World goes hungry? 
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Gasohol: A Choice 
That May Buy Grief 

It takes about one-quarter of an 
acre of cropland to provide food for 
the average person in the Third 
World. It would take almost 8 acres to 
grow enough grain to run an average 
American automobile entirely on 
grain-derived ethanol. 

Would an American citizen drive his 
car at direct expense to the nutrition of 
people elsewhere? That the question 
can even be raised is the result of the 
national goal announced by President 
Carter in January 1980 to produce 
500 million gallons of ethanol a year 
by the end of 1981. Once the distillery 
capacity for such a production volume 
is in place, a direct and possibly per- 
manent link will have been created 
between the world markets for food 
and for liquid fuels. 

The consequences of forging this 
awesome chain have been explored 
by Lester Brown of the Worldwatch In- 
stitute in Washington, D.C. "The price 
of oil could eventually set the price of 
food," is Brown's conclusion. As the 
United States and other agricultural 
producers develop the means to con- 
vert crops to fuel alcohol, farmers will 
have the choice of producing food for 
people or fuel for cars, and in the ab- 
sence of government controls are 
likely to do whichever is more profit- 
able. "The stage is set for direct com- 
petition between the affluent minority, 
who own the world's automobiles, and 
the poorest segments of humanity, for 
whom getting enough food to stay 
alive is already a struggle," Brown 
concludes in a new report.' 

Proponents of gasohol, who have 
built a powerful lobby among farm 
state senators, contend that alcohol 
production from corn will not reduce 
the amount of food available because 
the protein content of the corn is un- 
touched and can be fed to livestock. 
Brown observes that starch is also a 
valuable component of food. In any 
event, he believes, the worldwide use 
of crops for energy is "certain to drive 
food prices upward, thus leading to 
more severe malnutrition among the 
poor." 

A year ago the Administration's 
'Food or Fuel: New Competition for the Wor/d*s 
Cropland. Lester R. Brown. Worldwatch Insti- 
tute, 1776 Massachusetts Avenue. NW. Wash- 
ington D.C. 20036. $2. 

gasohol policy was one designed to 
avoid any entanglement with the food 
supply. "Through the mid-1980's 
there appear to be sufficient surplus 
and waste raw materials to meet any 
realistic projected level of alcohol pro- 
duction.. . . There does not now ap- 
pear to be a need to grow additional 
crops for alcohol production," con- 
cluded a Department of Energy re- 
view published in June 1979. Cheese 
whey, citrus wastes, and distressed 
crops would supply feedstock to distill 
660 million gallons of ethanol a year. 

In the wake of the January 1980 
embargo on Russian grain sales, 
however, Administration spokesmen 
talked explicitly of converting the grain 
to ethanol, and announced plans to in- 
crease distillery capacity. These plans 
had been in preparation before the 
Russian invasion of Afghanistan, pre- 
sumably in response to pressure from 
the gasohol lobby. 

What will the distilleries use for 
feedstock? The embargoed Russian 
grain is not sitting in a big heap in 
Kansas: apart from one, Administra- 
tion purchase, the grain is still in pri- 
vate hands, and may yet be sold on 
world markets. The DOE calculation 
that 660 million gallons of ethanol 
could be obtained from wastes and 
spoiled crops is regarded as a gross 
overestimate in the Department of Ag- 
riculture. It seems likely that the new 
distilleries will use corn, and world 
food supply will be the less. 

Sopyright  0 1980 by t h e  Amer ican  Associat ion for t h e  Advancemen t  of Science.  Repr in t ed  f rom SCIENCE, 
iol. 207, No. 4438, pp. 1450-1451, 28 March  1980, with permission of t h e  Amer ican  Associat ion for  t h e  
4dvancemen t  of Sc ience  and Les t e r  R .  Brown. All r igh t s  reserved.  



The Solar Wood Connection 
Here 's  a wood s t o v e  wi th  a d i f fe rence :  a wood 

s t o v e  d o m e s t i c  w a t e r  hea t ing  s y s t e m  to back  up your 
so la r  co l lec tors .  Deta i l s  on  costs. instal la t ion.  and  



By Joe Carter and 
Richard Conrat 

Joe Carter is with Rodale hess,  Book Divi- 
sion, where he is writing and editing a book 
on do-it-yourself solar retrofitting and re- 
modeling, to be published in early 1981. 
Photos are by project partner Richard 
Conrat of Healdsburg Sunworks. a Califor- 
nia solar manufacturing, installing, and de- 
sign group. Drawings are by Barbara 
Putnam, Harrirville, N. H. 

SunworkslHealdsburg 2 x 10 collectors in a solar.woodstove domestic hot water system. 

Plain know-how on solar-woodstove domestic 
water heating systems is scarce. Here is a 
rich new supply. 

drawings by Barbara Putnam 

t doesn’t take too much cogitation to 
figure out that wood stoves present as I high a potential for domestic water 

heating as they do for space heating-their 
traditional role. In terms of the heat energy 
required, a cold-weather domestic water 
heating load is likely to amount to but a 
fraction (up to about 10 percent) of a build- 
ing’s space heating load over equal periods. 
The combined load will not overtax the ca- 
pability of a stove or require a large in- 
crease in wood burning. 

In terms of temperature, woodstove fire- 
boxes contain relatively high-grade heat in 
developing “ambient” levels that are five to 
ten times hotter than useful hot water 
temperatures (120°-1300F). In terms of 
hardware, a little mind‘s eye plumbing 
draws a schematic whose simplicity will re- 
lieve the installer and whose economy will 
gladden the consumer (a double bonus for 
do-it-yourselfers). 

Basically, this is old news. Wood burn- 

Fisher “Grandma Bear” stove fitted with lactory coil: thennosiphon system. 

ing and water heating have been partners 
for centuries, and the pressurized, open- 
loop system that we have experimented 
with is at least three quarters of a century 
old (roots: wood cookstoves and black pipe 
coils). Until lately, however, there was little 
known about woodstove water heating in 
the way we like to know about things nowa- 
days-things like component sizing and 

system performance, and cost-benefit. Also 
in short supply has been plain operating ex- 
perience; even a straightforward system has 
quirks that cannot be identified in advance. 
In mid-1978 we received funding from the 
Department of Energy’s rivulet of support 
for small groups studying appropriate tech- 
nology. The project, Optimized Solar- 
Wood Stove Domestic Water Heating Sys- 

This article first appeared in the September 1979 issue of SOLAR AGE. Copyright @ 1979 SolarVision, Inc., 
Harrisville, New Hampshire 03450 USA. All rights reserved. Reprinted and published by permission. 
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It is possible to tie the soiar.wood Ireat sources directly into an existing water heater of at least 60 
gallons, provided there is no more lhen 40 square feet of collector. 

tems (DWHS), investigated the possibilites 
for systems that were fueled year round by 
renewable sources of energy. The solar- 
wood connection is a natural and obvious 
one to make, and it works very well. Since 
the solar component is very much a known 
factor, this article primarily discusses the 
woodstove DWHS, how it combines with 
solar, and the cost-benefit of the indiyidual 
and the combined system. 

The primary rationale for the appropri- 
ateness of the solar-woodstove application 
was that rural people, living away from 
supplies of natural gas, must heat their 
water with electricity or propane, yet are 
turning to wood for low-cost space heating. 

These days, the woodstove market is 
strong even in suburban areas, where even 
at $50 to $100 a cord, wood still offers a 
lower-cost and more aesthetic alternative to 
oil and electric space heating (gas too, 
when it becomes fully deregulated). 

The project 
As the project was initially planned, four 

Healdsburg, Calif., area residences were to 
be retrofitted with variations of wood- or so- 
lar-woodstove DWHS. The variations re- 
volved around water flow-whether by ar- 
chitectural circumstances or owner prefer- 
ence the solar or woodstove components 
were operated by pumped or thermosiphon 
circulation. (Two flow modes times two 
heat sources equals four possible systems.) 
These systems would be monitored with 
simple instrumentation and by other obser- 
vations to learn about performance, operat- 
ing characteristics, and about how much 
people could save. Local interest in the pro- 
ject resulted in a total of eight installations. 

Also, several woodstove manufacturers 
were queried about their interest in the 
woodstove DWHS, and they donated 
twelve stoves to the project for heat ex- 
changer retrofit and performance testing. 
A test facility (lots of pipe runs, valves, and 
a tank from a stripped water heater) was 
put together in the Sunworks workshop for 
this purpose, and the project became both 
a field and laboratory study. 

The workshop was new and as yet un- 
heated, and start-up of the test facility co- 
incided perfectly with the onset of cold 
weather. 

Researchers who are new to the research 
business can easily underestimate their 
need for instrumentation and for a budget. 
We did-a caution to other AT'ers. When 
we found ourselves establishing exciting re- 
search tasks and goals that were also very 
expensive, "appropriate" instrumentation 
became the byword. By begging, borrow- 
ing, and renting, as well as buying, we 
could study just about everything we were 
interested in: thermosiphon and forced cir- 
culation flow rates (float-type flow in- 
dicator); firebox and exhaust stack temper- 
atures (pyrometers with chromel-alumel 
thermocouples); water temperatures at 

n 

n 
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several stations (12-channel electronic ther- 
mometer); pump and electric water heater 
on-time (elapsed time indicators); and total 
residential hot water consumption (totaliz- 
ing water meter). 

Flow meters that give a true reading of a 
thermosiphon flow rate (less than 1 gpm) in 
a 3/4-inch or 1-inch pipe, and that don’t 
break the AT budget, are hard to locate. 
But we were pleased to be able to rent a 
Fischer & Porter series 10A-3500 ”Flowrat- 
er” TM from a Bay Area dealer. The float 
used to measure thermosiphoning 
(#l-GUSVT-611) was designed for a maxi- 
mum flow of 1.3 gpm with a pressure drop 
at maximum flow of only 1.28 inches of 
water-perfect for our needs. The flow in- 
dicator was the heart of the instrument 
group. Flow rates correlated with tempera- 
ture rises through the solar and woodstove 
components gave the essential data on Btu 
gain. 

Installing the systems 
The woodstove DWHS for this study was a 
pressurized system in which potable water 
circulates directly from storage through the 
firebox or stack-mounted heat exchanger. 
The solar component is also an open loop 
system that employs circulation or “hot 
shot” freeze protection when a pumped sys- 
tem is installed. An all-copper absorber in a 
2-foot by 10-foot module was used, and siz- 
ing was figured at one collector for two peo- 
ple with conservative use (10 to 15 gallons 
per person per day) and at up to two collec- 
tors for two people when there was a 
heavier water heating load. 

Out of the eight installations, four were 
solar forced circulation-woodstove 
thermosiphon. This would seem to be one 5 

of the most easily applied combinations. 
Typically, the collectors were roof- 
mounted. With the stove set on the first 
floor, it was often most appropriate to place 
a storage tank in a second floor closet, or in 
an attic or a rafter crawl space. (A nice syn- 
ergism: since the wood stove is to be pri- 
marily a cold-weather water heater, the col- 
lectors can be mounted closer to the hori- 
zontal than the standard “equal to your lat- 
itude” rule of thumb. This makes for great- 
er efficiency in warm-weather operation 
when solar altitudes are higher.) 

A water tank installed over a living space 
should be set into a safety drain pan to be 
ready for the day a leak springs, a fitting 
fails, or the tank must be drained for sys- 
tem servicing. A hose leads from the pan to 
the outside or to a drain. 

Galvanized pressure tanks were used for 
the combined solar-woodstove storage, and 
the size used for smaller systems (no more 
than 40 square feet of collector) was 80 gal- 
lons. When 60 to 80 square feet of collector 
was installed, a 120-gallon tank was used. 
These sizes have proved to be quite ade- 
quate, even when the solar and woodstove 
components are in day-long simultaneous 
operation. With either tank size, a rope, 

ladder, and muscles, grunting and wriggl- 
ing are the primary installation tools. 

When tank location allowed for a wood- 
stove thermosiphon loop, the main chal- 
lenge was to conceal the plumbing. Hiding 
the plumbing as soon as possible after it 
took off, and up from the stove, variously 
involved lifting wall paneling, snaking pipes 
through once-thought-impossible places, 
camouflaging pipe insulation sleeves .with 
matching wall paint, and other strategies. 
On the hardware end, it was at first 
thought that 3/4-inch i.d. pipe (type M 
copper) was suitable for thermosiphon 
loops. Testing showed that 1-inch i.d. pipe 
gave higher flow rates (a 150 to 300 percent 
increase up to .6 gpm) and, therefore, more 
efficient water heating. The same is true in 
the case of the solar thermosiphon loop. If 
the layout of the thermosiphon loop didn’t 
conform to the classic rule of thumb 
(straight-up-and-down), a good working 
flowrate could still be achieved. 

water wasn’t sure which way it was sup- 
posed to go-some kind of static inertia), 
whereupon a stable, consistent flow is es- 
tablished. In heat exchangers with relative- 
ly high surface area-to-volume ratio (10 in a 
range of 2 to lo), such as a coil made from 
1/2-inch i.d. type L copper, a consistently 
hot fire could cause infrequent local boil- 
ing. Pumped woodstove DWHS experi- 
enced none of this cycling. The 1/100 hp 
pumps developed 1.5 to 2 gpm flows, which 
effectively cleared the exchanger of heat. 
Consequently, the pumped system was uni- 
formly higher than the thermosiphon efi- 
ciency in terms of hot water output. 

safety 
Because of high temperatures involved with 
the woodstove DWHS, safety is an impor- 
tant point. At first it was thought that a 
pressure-and-temperature relief valve 
should be installed near the thermosiphon- 
ing heat exchanger outlet as a safety pre- 
caution. But this was concluded to be un- 
necessary and a waste of heat energy 
whenever the valve might blow. The P&T 
relief and the air vent located at the top of 
the thermosiphon loop, Le., at the top of 
the tank, give the system adequate protec- 
tion from overpressurization, provided that 
the relief valve is not too tar away from the 
heat source. Type M copper is rated to 
withstand pressures of 390 psi at 250°F; 
thicker-walled type L copper, steel-pipe 
and welded steel-plate heat exchanger ma- 
terials are stronger still than the type M, 
which makes the removal of the relief valve 
no compromise to safety. No exchanger or 
plumbing failures have ever occured be- 
cause of local boiling. 

On the other hand, the relief valve at the 
pumped heat exchanger outlet is that sys- 
tem’s primary safety feature. Pumped 
woodstove DWHS were generally plumbed 
to a lower-level storage tank. During a pow- 
er outage-as might occur in a winter 
storm-or a failure of a pump or control, 
the valve is there, vented outside, to prevent 
overpressurization. 

It has been suggested that there is 
danger of a “meltdown” of the heat ex- 
changer should it lose water pressure or 
pumping capability. Actually, an empty 
heat exchanger in a hot stove simply oxi- 
dizes faster than a filled one. and the Den- 

Ashley slove fitted with Blazing Showers firebox 
coil; thennosiphon system. 

In operation the increased thermosiphon 
flowrate afforded by the 1-inch pipe also 
helped put an end to a chronic “cycling” 
problem. In the 3/4-inch loop, water flow 
would nearly stagnate for a couple of mi- 
nutes and then suddenly rush through the 
loop-it had actually steamed in the heat 
exchanger. The flow would return to near 
stagnation, and the cycle would start again. 
With the 1-inch pipe, there is usually one 
“boil off’ at the start-up, which initiates 
flow and flow direction (sometimes the hot 

od between any such system’failure a n i  its 
detection at the time of refueling would not 
likely be long enough to cause significant 
damage to the exchanger. 

Another caution voiced about pressur- 
ized systems is the possibility of exchanger 
burnout or rust-out over a long period of 
normal use, leading to some kind of catas- 
trophic flooding. A few factors conspire 
against this eventuality. Soon after a new 
exchanger is put into operation, it becomes 
encrusted with what must be a layer of car- 
bonized creosote. The exchanger is, after 
all, very cool relative to the 1000°F plus 
ambient firebox temperature. In freshly re- 
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Three shopmade woodstove heat exchangers for use inside firebox 

fueled stoves, exhaust gas condensate liter- 
ally drips from the exchangers. The ensu- 
ing crust builds up to a certain thickness, 
about 0.10-inch, and becomes no thicker. 
To some extent this deposit reduces heat 
transfer, but it also removes the heat ex- 
changer material from direct flame, mini- 
mizing oxidation and degradation of the 
exchanger. Inside rust-out of steel exchang- 
ers is possible, but only far, far into the fu- 
ture. Should the exchanger be corroded 
over time, it is highly doubtful that there 
would be a catastrophic failure. Most likely 
there would be an initial pinhole leak that 
could be readily detected. 

Another possible safety problem with 
open loop systems lies with water quality. 
Hot water from copper, galvanized, and 
regular steel exchangers has been used 
without complaint but has not been tested 
for changes in purity. Finally, at the end- 
use, the high water temperatures (190” to 
200°F) that are possible from the wood- 
stove DWHS mean that a thermostatic 
tempering or mixing valve insitalled on the 
hot water supply line is a must. 

Woodstove heat exchangers 
he work done at the test facility has 
involved experimentation with differ- T ent styles of heat exchangers placed 

in a variety of stove types. Heat-exchanger 
styles fall into two basic categories: pipe 
coils and mini-tanks. The former are fa- 
shioned from copper tubing and black, gal- 
vanized, and stainless-steel pipe. The cop- 
per coil of 1/2-inch or 3/4-inch tubing 
(type L) is the easiest to fabricate. A length 
is first filled with sharp sand to eliminate 
crimping during forming and then rolled 
into a circular coil of a desired diameter, 

using a large diameter pipe or other cylin- 
der for the “die”. The coil can be placed in 
the top rear of the firebox near the flue port 
or in the exhaust stack section just above 
the flue collar. 

So as not to, impede the flow of exhaust 
gases, stack exchangers should be installed 
in a larger-diameter stack section that is re- 
duced to fit the stove’s standard stack di- 
mension. Soldered fittings should not be 
used in or near the coil; brass flare fittings 
should be used instead. Total tubing 
lengths for the coils used were in the 13-foot 
to 16-foot range. (These types of exchang- 
ers are also commercially available from the 
Blazing Showers Co., P.O. Box 327, Point 
Arena, Calif. 95469.) 

Threaded-galvanized or black-pipe nip- 
ples are connected with either tight or wide 
return 180 degree elbows (uncommon, but 
eminently available fittings) to form a ser- 
pentine pattern. The nipple length for each 
course must be carefully planned to ensure 
that elbows won’t hang up on other elbows 
or nipples during assembly. Copper tubing 
can also be formed into a serpentine. Di- 
mensions of serpentine exchangers used in 
the project ranged from about 6 to nearly 
13 linear feet (total pipe and elbow). 

Mini-tanks are just that-small, flat 
containers fabricated from 3/16-inch or 
1/4-inch-thick mild steel plate. Inlet and 
outlet nipples (1/2-inch or 3/4-inch) are 
welded over holes drilled in the side or end 
panels-depending on how the tank is 
fitted into the stove-and a single interior 
baffle 5erves to direct the flow throughout 
the containment and to eliminate stagnant 
zones. We found no difficulty in having a 
few units made locally at reasonable cost by 
using the combined capabilities of a couple 
of shops. The tasks involved were plate cut- 

ting (gas torch or massive shear), plate 
bending (massive brake) and seam welding 
(MIG electric arc). An exchanger manu- 
facturer in California circumvents the need 
for plate bending by using standard 2-inch 
by 6-inch steel tubing (1/4-inch wall) cut 
into 12-inch, 18-inch, and 24-inch lengths. 
End plates with inlet and outlet ports are 
then welded on to seal the units. Instead of 
a baffle, a perforated pipe section extends 
into the exchanger from the inlet port. 
(Available from Holly HydroHeaterTM, 
P.O. Box 339, Sebastopol, Calif. 95472). 

Several factors dictate the selection and 
sizing of the retrofit heat exchanger. The 
foremost is the shape of the stove. 

First, the optimum heat exchanger posi- 
tion should be determined. Observation of 
what could be termed the “heat path” of 
the stove will serve to locate its hot spots. 
Heat path is primarily a function of how air 
flows through the unit, and properly inter- 
cepting this path can result in dramatic in- 
creases in heat extraction. 

A stepped box-type stove was tested with 
a 2-inch by 6-inch by 12-inch mini-tank lo- 
cated first along the sidewall and then in 
front of the exhaust port (Figure 1). Maxi- 
mum output at the sidewall was around 
11,OOO Btu/hr, yet in the baffle position 
output jumped to 21,000 Btu/hr. 

14 

Figure 1. Mini-tank heat exchanger mounted 
in baffle position. 

Sometimes the placement of the ex- 
changer is a compromise between the 
stove’s hot spots and what the shape of the 
stove allows. In old or low-efficiency stoves, 
stack-mounted exchangers are good 
choices for capturing otherwise wasted 
heat. With such a stove, there is little dan- 
ger of overcooling exhaust gases to conden- 
sation temperatures (below 250”F, accord- 
ing to Shelton in Woodbumers Encyclope- 
dia, Vermont Crossroads Press, December 
1976.) 

Extensive testing was done with stack ex- 
changers installed in some new-design, 
higher efficiency stoves. It was found that 
upper stack temperatures were never 
cooled, below 300°F (an insulated chimney 
must be used). Stack heat extractors are 
not feasible in stoves that are heavily baf- 
fled (e.g., Vermont Castings, Cawley/ 
LeMay) and force exhausts through a cir- 
cuitous path before they enter the stack. 
Care should be taken not to oversize stack 
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exchangers at the risk of causing condensa- 
tion problems. As mentioned, adequate 
heat extraction is insured by using 13 to 16 
feet of 1/2-inch or 3/4-inch tubing. 

Extensively baffled stoves are not likely 
to allow a baffle-type mount for the ex- 
changer, which leaves backwall- and side- 
wall-mounting possibilities. In a box-type 
stove with full horizontal baffle (Figure 2), 
the backwall is likely to be the coolest zone 
-not a suitable location for the exchanger. 
In a performance test comparing positions, 
a 233-square-inch (surface area), 91-cubic- 
inch (volume) unit collected a maximum of 

:igure 2 Box type woodstwB with full 
wlzontal baffle. 

w 
Figure 3. Franklintype woodstove 
with exchanger on backwall or in 
secondary combustion chamber. 

7,650 Btu/hr at the backwall. A smaller 
(184-square-inch, 100-cubic-inch) sidewall 
exchanger with a lower surface area-tcF 
volume ratio captured over 14,000 Btu/hr. 

A modernized, extensively baffled ver- 
sion of the Franklin-style stove provided 
two effective exchanger locations (Figure 
3). A large (18-inch by 13-inch by 1 
1R-inch) exchanger mounted on the fire- 
box backwall extracted up to 26,000 
Btu/hr. A smaller unit (11 1/2-inch by 
6-inch by 2-inch) located in the secondary 
combustion chamber extracted up to 
16,000 Btu/hr. Also, since the latter unit 

did not take up any firebox space, wood- 
loading capacity was not reduced. 

In terms of the actual exchanger installa- 
tion, the stove owner must be prepared to 
accept two 5/8-inch by 1 1/16-inch holes 
somewhere at the back of the stove for the 
inlet and outlet pipes. A neat, though 
laborious job is done with drill bits. Torch 
cutting is also possible. 

In a sentence, externally mounted. heat 
exchangers give very low outputs. A mini- 
tank capable of capturing 14,000 Btu/hr in 
a firebox location only reached a 2,700 
Btu/hr-maximum when mounted in con- 
tact with the outside stove wall. 

When a good spot has been found for the 
exchanger, sizing becomes a function of 
available space, average hours of daily 
wood burning, and the domestic water 
heating load. In any other contekt these 
factors have little connection, but they are 
the critical determinants in sizing. The Btu 
figures given above essentially represent 
maximum outputs under very hot fire con- 
ditions. Under average, medium-burn con- 
ditions, heat-exchanger outputs have 
tended to fall in the 5,000 to 10,000 Btu/hr 
range, with some exceptions. Considering 
such an output range for eight hours of 
daily woodburning (a common level of use 
for lowland California, with cold nights and 
warmer days), 48,000 to 80,000 Btu would 
be captured. If heat loss from the plumbing 
and storage components amounted to 10 
percent, then about 43,000 to 72,000 Btu 
would be the actual energy gain. With an 
80-gallon tank at a “cold” start tempera- 
ture of SOOF, the average tank temperature 
would be raised by 64” to 107”F, resulting 
in an average tank temperature of 114” to 
157°F. (In practice, horizontal stratifica- 
tion made for top-to-bottom temperature 
differences of up to 80°F.) This range of 
heat exchanger output coupled with part- 
time wood burning produces from a nearly 
adequate to a full daily supply of hot water, 
indicating proper exchanger sizing. But in 
the case of full-time, 24-hour-a-day wood 
burning, the daily output jumps up to the 
108,000 to 216,000 Btu range-a heat gain 
that at the upper range is too great for even 
a 120-gallon tank (107’ to 215°F average 
temperature rise). Thus either the exchang- 
er size should be reduced and/or storage 
capacity should be increased, along with an 
equivalent increase in load. Clearly, the 
former makes more sense. 

It is indeed possible to oversize the ex- 
changer; we did in our lust for higher out- 
put. In one experiment a pipe serpentine 
exchanger with tight-return, 180-degree el- 
bows was sized to cover nearly the entire 
sidewall of a stepped box-type stove. Hot 
water output was excellent, but the radiant 
space heating capability of that side was 
greatly reduced. A not-so-mini mini-tank 
installed at the backwall of a Franklin-type 
stove introduced such a large cold mass to 

the firebox that it literally caused a quench- 
ing of the flame and a noticeable reduction 
both in the space heating capability of the 
stove and the wood-loading capacity. For 
properly sued exchangers there was no per- 
ceptible reduction in space-heating capabil- 
ity. If there were, it would probably go un- 
detected, because people will bum as much 
wood as they need to stay warm. In the case 
of firebox exchangers, the woodstove 
DWHS does increase wood burning, per- 
haps by 5 to 10 percent, depending on the 
amount of wood used. It is clear that stack 
exchangers extract only waste heat. 

The solar-wood h t i o n  
The solar-woodstove contribution to the to- 
tal domestic water heating load has ap- 
peared to vary somewhat among the resi- 
dential installations, and continued data 
collection will be necessary to pinpoint the 
actual fraction. Limited instrumentation 
requires a dependence not only on numeri- 
cal data, but on “smart” deduction. 

Solar-wood fractions over limited (one- 
to two-week) periods have equalled 60 to 95 
percent, depending primarily on the load. 
In one instance data were collected for a 
full week of cold nights and sunny days. 
Woodstove operation averaged eight hours 
per day, with exchanger output averaging 
7,200 Btu/hr (pumped system). The solar 
component (72 square feet) operated about 
6 hours per day and delivered about 54,000 
Btu/day to storage (750 Btu/day/ft*). The 
circulation freeze protection caused a heat 
loss of about 21,000 Btu each night as am- 
bient temperatures consistently went below 
38°F. Thus, the net energy gain was about 
90,OOO Btu/day-not including heat loss 
from storage. This is equivalent to about 26 
kWh/day, worth about $1.30 per day at 
$.OS per kWh. For the same period, 
elapsed-time indicators showed that the 
electric water heater consumed 17 kWh/ 
day, putting the total DHW load at 43 
kWh/day and the solar-wood fraction at 
26/43, or 60 percent. 

On a foggy or rainy day in which there 
was no solar operation and in which the 
house was not passively heated during the 
day, as it normally is, woodstove use in- 
creased to about 16 hours per day and de- 
livered about 96,000 Btu to storage, more 
than making up for the loss of the solar 
contibution. 

Costs and benefits 
The woodstove DWHS is cheap. Ready- 
made heat exchangers can be bought for 
$50 to $120 in copper and steel. Homebuilt 
and locally shop-fabricated versions can 
cost $20 to $40. A complete thermosiphon- 
ing woodstove DWHS with an 80-gallon 
tank and all ancillary piping and fittings, 
plus insulation, has a materials cost of 
around $250. If the system output averages 
7,000 Btu/hr for 8 hours per day, annual 
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production is 8,400,000 Btu for a 150-day 
heating season, or 2,560 kWh equivalent. 
At $.OS per kWh, $123 is saved annually 
for a 2-year payback (constant dollars and 
energy cost). Operation of the system in a 
colder climate (16 hours per day woodburn- 
ing) could double output and halve the 
payback period. 

The pumped woodstove DWHS has a 
materials cost of around $400 when a 
1/100-hp pump, differential thermostat, 
and wiring is added. (Lower cost, less accu- 
rate thermostatic controls can be used, 
such as SPST snap-discs and strap-on 
aquastats, all in a cost range of $5 to $20.) 
Payback may not necessady be extended, 
because the pumped system has a higher 
efficiency. Output was fourid to increase as 
much as 100 percent when exchangers at 
the test facility were switched from 
thermosiphon to pumped circulation (1.2 
to 2 gpm). Delta-T thermosiphon systems 
ranged as high as 80°F, while in pumped 
systems temperature rise wiis in the 7 to 25 
degree range, depending on f r e  condition. 

Fisher “Grandma Bear” stove with factory coil; 
pumped system using Tee1 1 Pi’60 pump and 
Heliotrope DlTr80 controller. 

The price range of a a801ar DWHS is 
wide. We specify a 40-square-foot system of 
the type used in the project. The thermosi- 
phon solar DHWS has a materials cost of 
around $800 (retail), and the pumped sys- 
tem has a cost of around $1 ,000. Somewhat 
higher efficiency can be expected from the 
pumped system. 

It has been estimated that collectors can 
deliver to storage 270,000 Btu/ft*/yr in 
Northern California. An owner-installed 
system of 40 square feet of (collectors would 
deliver 10,800,000 Btu or 3,164 kWh, 
worth $158 at $.OS per kWh. Pumped sys- 
tems would be paid back in about six years 
(constant dollars and energy cost). 
Thermosiphon systems, though lower in 
cost, would have an equivalent or even 
longer payback because of their lower effi- 
ciencies. 

The combined solar-woodstove DWHS, 
using solar forced-circulation and 
woodstove thermosiphoning components, 
would have a materials cost of $1,250, and 
would deliver on the order of 19,000,000 
Btu/yr, or about 5,560 kWh. Annual 
domestic water heating loads (four in the 
household, “average” consumption) have 
been estimated to be in the wide range of 16 
to 27 million Btu/yr, a load to which the 
solar-woodstove DWHS can make a signifi- 
cant and cost-effective contribution. # 

n 
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10 Ways to Avoid Woodstove Fires 

Suddenly everyone is a wood s tove  enthusiast. 
Unfortunately,  every few days w e  hear  of another  house 
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10 Ways to Avoid 
WOODSTOVE FIRES 

If you heat with wood, remember you're playing with fire . . . 
fire that can cut down heating bills . . . or burn your house down 

t least 9,000 woodstove fires were A recorded last year in 15 cold-weather 
states. At least 17 people died last winter from 
woodstove fires in one state alone. Stoves were 
not the primary cause; most blazes resulted 
from improper installation 0 1  c,areless use. 

The basic rules for installing wood-burning 
stoves and using them an: fairly simple. 
Unfortunately they don't allow for short-cuts, 
and they are not forgiving. A single mistake can 
cause disaster. 

However, the most common causes of 
wood-burning stove fires are: easy enough to 
separate out so you can avoid them in your own 
home. Here are the top 10, gleaned from 
materials provided by mainufacturers, the 
NFPA,  the  New Eng land  Reg iona l  
Commission Energy Program's report on 
woodburning safety. and other experts. 

1 Cause: Stove Too Close To Wall. 
Prevention: Keep at least 3 6  between back 
and sides of stove and a combustible wall. If 
you can't allow 36", put a sheet of asbestos 
millboard or 28-gauge sheet metal an inch 
away from the wall. Use non-combustible 
spacers, such as short pieces of metal pipe, 
between the backdrop and the wall. 

If you use asbestos millboard (don't confuse 
this with cement-board or asbestos board), 
wear a mask during cutting and installation to 
avoid breathing asbestos fibers. Once installed, 
paint it to prevent fibers from flaking off. With 
asbestos millboard, the stove can be 18" away; 
with 28-gauge sheet metal, 12". 

2 Cause: Insufllcient Clearance Between 
Stove & Floor. 
Prevention: Your best bet is to make a 
non-combustible shield under the stove that 
extends 1 2  on all sides of the stove and 18" in 
front of the fuel door (some local regulations 
might require more than 18" in front; check 
them out). The type of base you'll need 
depends on the height of your stove legs. For 
Is" or taller legs, 24-gauge sheet metal will do 
(after you've removed any carpeting). For 6" to 
18" legs, use 24-gauge sheet metal on top of %" 
asbestos millboard. If the legs are 6"or less, use 
24-gauge sheet metal on top of 4" of hollow 
masonry laid to provide air cir.culation through 
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the masonry. Note. Brick, stone or asbestos 
cement board alone are not effective shields. 
Use them with sheet metal or asbestos 
mllboard. 

3 Cause: Stovepipe Placed Through 
Wall. 
Prevention: Don't put the stovepipe through a 
wall, if possible. If you must, use an insulated 
or ventilated wall thimble. It should be made of 
sheet metal or asbestos millboard and must be 
three times larger in diameter than the 
stovepipe, or use manufactured insulated 
stovepipe, keeping it 2" from combustible 
surfaces. Don't use gas vent thimbles; they're 
too thin. If no thimble is used, there should be 
an 18" clearance (a 6 pipe would need a.42" 
hole, closed in with masonry or other material). 

4 Cause: Stovepipe Too Close To Wall. 
Prevention: Keep stovepipe a distance of at 
least three times its diameter from a 

combustible surface. For an 8" pipe that means 
2 4  from a wall. Too much? Remember that a 
chimney fire could cause the pipe to get red 
hot and reach temperatures of from W to 
1,300" F. ,  or more. 

5 Cause: Collapsed Stovepipe. 
Prevention: Fit stovepipe sections tightly and 
be sure to use two or three metal screws to lock 
them in place Loose stovepipes tend to 
separate and collapse during a chimney fire 

6 Cause: Connection Between Stovepipe 
& Chimney. 
Prevention: Be sure acceptable stovepipe 
clearances are maintained from any 
combustible surface. In a masonry chimney. a 
special connector thimble (check with your 
dealer) can be used to tit the stovepipe into the 
chimney. Use refractory cement to make a tight 
fit of the thimble and the chimney opening. 
Don't push the thimble into the flue. To prevent 
backdrafts, be sure the chimney flue is at least 
25% larger in diameter than the stovepipe. 

n 
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, 7 Cause: Creosote Igniting In Chimney. 
Prevention: Check and clean your chimney 
regularly. Chimney fires are truly frightening. 
Temperatures of up to 3,000" F. are not 
uncommon during a chimney fire. Flames can 
shoot out of the chimney several feet into the air 
and fall back on the roof. 

When creosote (a tany substance that forms 
along with soot) ignites, drafts inside the 
chimney increase fast. The creosote and soot 
form because of incomplete combustion. Wet, 
green wood (especially unseasoned softwoods) 
and low-temperature. smoldering fires form 
creosote deposits faster. 

Check the top or bottom of your chimney 
every couple weeks when you first use your 
stove. If creosote deposits are %"thick or more, 
it  needs cleaning. A couple of other ways to 
check for creosote: 1 )  Use the "fingernail 
technique." Tap the stovepipe with your 
fingernail. A metallic sound means it's clean; a 
dull sound means it's creosote dirty. 2) If you 
notice smoke coming out of the stove door on 
refueling, or an offensive odor, creosote is 
probably causing a slow draw. 

After you get an idea of how fast creosote is 

Reprinted from,the September issue of the  FAMILY HANDYMAN Magazine. Copyright@1980, The Webb Co., 
1999 Shepard Road, St. Paul, Minnesota 55116. All rights reserved. 
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forming. take longer between inspections. But 
if  you change types of wood. or add a heat 
exchanger. go back to biweekly checks. Some 
chimneys will need cleaning every month. 
They all need it at least once a year. Clean 
stovepipes at the same time. 

Sometimes butning an extremely hot fire 
briefly once each day will help clean out 
creosote. but could also start a chimney fire. 
Chemical cleaners can kelp, but should not be 
substituted for regular cleaning. Chains. small 
trees or sack5 weighted with straw or excelsior 
have been used t o  knock creosote from inside 
chimneys. But a comriiercial chimney cleaning 
brush. or hiring a professional chimney sweep. 
is a better bet. 

8 Cause: Faults In Chimney. 
Prevention: I f  you‘re using a masonry 
chimney. makessure i t  has a good liner so gases 
and creosote don’t cscapc and ignite before 
they get to the top. If you’re planning to use an 
old chimney that doesn’t havc a liner. i t  will 
probably be wise to install one. 

Check the chimney for cracks. One way I S  to 
build a smoky fire, cover the top of the flue. and 
force smoke through any cracks or holes. 
Repair these before using your stove regularly. 
Also check for loose mortar between the bricks 
of the chimney. If mortar crumbles when you 
stick it with an icepick. it needs help. 

Scrape out the old mortar. remove the 
bricks. install new mortar and replace the brick. 
Be sure all chimneys extend at least 3’ above 
flat roofs. On pitched roofs. the chimney 
should be 2’ higher than any point within IO’, 
to prevent downdrafts and fires from sparks. 

9 Cause: Petroleum Used To Light Stove. 
Prevention: Don’t use any petroleum product. 
whether i t  be gas. kerosene. charcoal lighter or 
o i l .  You might >tart a house fire. or bum 
yourself up in an explosion or flare-up, A 
sudden hot fire in a cold stove and chimney can 
cause a tlareback. even if the starter fluid 
doesn’t explode. Sudden heat can also crack 
cast iron. Let stove parts heat up and cod down 
gradually. 

10 Cause: Ashes & Hot Embers. 
Prevention: Always use a steel container to 
haul ashes, even if the stove has been out for 
several days. Hot embers may be hidden under 
ashes. Put ashes outside immediately, or you 
might have toxic fumes in the house. Bury the 
ashes. if possible. so winds don’t blow hot 
sparks near buildings. 

When opening the door of a wood-burning 
stove, have a screen handy to prevent sparks 
from spilling on the floor. 

For tips on installing a wood stove safely. 
see the next page. 

If You’re Installing A Woodstove. . . 
The woodstove fires recorded last year have more than caught the 
eye of fire marshals and insurance agents. Chances are there’s a 
regulation. if you’re installing a wood burner. 

You might need a building permit, for example. Check first. 
even if it’s annoying, or you could lose your homeowners 
insurance. Some insurance companies havc flatly cancelled 
policies when they learned of an uninspected wood-burning stove. 

More likely. if you prove to your agent or insurance inspector 
that your woodstove is installed according to National Fire 
Protection Assn. standards. your policy will probably stay in 
force. says Rick Baker. national sales manager. Energy Research 
and Development Corp., Madison. Indiana. 

“Before you light the first fire, get a local building inspector and 
an insurance company representative to inspect your installation 
and approve It in writing. ” suggests Stephen Moms. customer 
relations manager, Vermont Castings, Inc. Randolf. Vermont. 

Stoves Available. Wood-burning stoves are made from cast 
iron. plate steel or sheet metal. In general. the thicker the mctal. 
the longer the stove will‘last. Both plate steel and cast iron retain 
about the same amount of heat per pound, and both stove types 
cost about the same, reports the New England Regional 
Commission Energy Program staff. Airtight models of either plate 
steel or cast iron are selling fastest today. 

“Looking for a unit safety-tested by a private lab, such as 
Underwriter’s Laboratory, will give you an extra margin of 
safety,” says Baker. “Insurance companies are more likely to 
cover a stove that has been tested.” The U.S. Consumer Product 
Safety Commission is currently developing a labeling rule for 
woodstove manufacturers. 

Wood To Use. All wood has the same amount of energy per 
pound. Because hardwoods are more dense. there is more energ)! 
in a cord of oak. say. than a cord of white birch or white pine. A 
cubic foot of poplar weighs 26 Ibs. compared to 39 Ibs. for a cubic 
foot of sugar maple. Generally. unseasoned softwoods form the 
most creosote. (the main cause of chimney fires): “seasoned“ 
hardwoods the least. 

“Usually a minimum of nine months of air drying is required for 
a hardwood cut down in the winter months. A Cree cut in the 
summer. spring or fall will require longer to season.’’ explains 
Baker. Heating values by tree species are generally broken down 
into four groups: 

Highest heating value (28 to 30 million Btu per cord or about 
equal to 191 gal. of fuel oil). Apple. black birch. black locust, 
hickory, hop horn beam. white oak. 

High heat value (25 to 26 million Btu per cord. o r  about I76 
gal. of fuel oil): Ash. beech. red oak, sugar maple. yellow birch. 

Medium heat value (21 to 23 million Btu per cord. or about 
150 gal. of fuel oil): Black cherry. elm. grey birch. red niaplc. 
tamarack, white birch. 

Lowheatvalue(l3to 17Btupercord.orabout 108gal. offucl 
oil): Alder. balsam. fir. basswood. cedar. hemlock. poplar. 
spruce. white pine. 

Combating Fires. Install a smoke detector o r  two in the house 
if it doesn’t already have one. advises Baker. Also hang a good fire 
extinguisher with a 5-lb. minimum capacity near the stove. Fire 
extinguishers designed specifically for  chimney fires arc also 
available. according to Black Magic Chimney Sweeps. Stowe. 
Vermont. These devices resemble tlares and emit  large amounts o f  
smoke and gas onto a fire to smother i t .  0 
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Don’t Get Burned by Solar Rip-offs 
As with any burgeoning technology, incompetent 

installers and inexperienced labor c a n  be a problem 
when someone buys a solar system. Use good consumer 
tac t ics ,  t h e  author urges: study t h e  kind of system you 
plan to buy, check with consumer agencies, look for 
high scores on independent tests of t h e  system, know 
your materials,  use a local contractor  with a good 
reputation for performance, and g e t  a con t r ac t  and a 
warranty.  



QON’T GET NED BY 31 1 

Lured by growth of the solar market, hundreds of novice installers are 

braham M.’Genen bought a so- A lar  system for his Orange Coun- 
ty, N.Y., house tha t  didn’t work any- 
where. near as well as  i t  was sup- 
posed to. The contractor promised a 
50-percent efficiency. The actual 
performance, Genen estimates, is 10 
to 15 percent. 

What makes Genen’s experience 
especially illustrative is t ha t  Genen 
is not jus t  any buyer. He is a senior 

consumer-fraud expert in the  New 
York State  Attorney General’s Of- 
fice. One of his specialties: solar en- 
ergy. In fact, Genen, a 14-year con- 
sumer-fraud veteran, got his solar 
assignment about the  same time he 
got his solar system. He could have 
been his first complaint. 

“I asked a lot of questions,” he  
said. “I got data  and statistics. They 
were as phony as a $3 bill.” Now he’s 

suing the  contractor. He says he 
would do it differently next time, but  
his first solar system has brought 
him nothing but, as he says, “tsou- 
ris,” the Yiddish word for “aggrava- 
tion.” 

Genen is part of a growing subcul- 
tu re  tha t  has  found solar energy in 
practice to be far  different from so- 
lar  energy in theory. Even more 
ironic is tha t  numerous complaints 
a r e  surfacing while the  quality of 
collectors is improving. 

Two things a re  happening in the  
solar field. First, established manu- 
facturers and installers a re  supply- 
ing high-quality solar systems t h a t  
meet various standards. Second, 
hundreds of inexperienced manu- 

Make sure the solar hot-water system 
you’re considering incorporates features il- 
lustrated on schematic below. How it 
works: conventional hot-water tank at right 
connects to solar tank, core of a closed 
loop. Water from the solar tank is pumped 
up to collector, heated and returned. Fluid 
warms household water passing through 
submerged coil. Heating elements in the 
conventional hot-water tank further warm 
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W selling inferior systems. 

b -  

facturers and installers-attracted 
by the  astronomical growth of the  
solar market-are profiting by sell- 
ing inferior work. Today, perhaps 
200,000 solar systems-largely do- 
mestic hot-water-dot this country, 
and the figure more than  doubles 
each year. The number of competent 
solar firms has  not kept pace with 
demand, experts say. 

“When they opened the  door, ev- 
eryone came in, including the incom- 
petents,” says Edward Bohrer, pres- 
ident of California’s Southwest En- 
ergy Management, which is highly 
regarded by federal officials. Bohrer 
said fully 20 percent of his business 
involves fixing systems installed by 
someone else. 

the water as necessary. Sensors-one in 
the solar tank, one in the collector-turn on 
the pump when the collector temperature is 
at least lo” hotter than the temperature in 
the solar tank. Potential problems range 
from heat waste, caused by inadequate in- 
sulation on pipes or tanks, to blowouts, 
caused by pump failures and overheating. 
Good solar systems are able to save you as 
much as 80 percent of fuel bills. 

GATE VALVE \ COLD GATE VALVE 
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What’s wrong with the picture above? Haphazard orientation of collectors reduces effi- 
ciency. Ideally, collectors should face no more than 15” east or west of true south. Mold- 
ings lifting on collector surface (below) is evidence of poor construction. 

Disheartening evidence of recent 
problems comes from an inspection 
of 60 systems early this year by the  
Florida Solar Energy Center, a s ta te  
agency. 

Only three of t he  systems checked 
were found to be problem-free. Fully 
24 had more than  routine design and 
installation problems, 13 had seri- 
ous problems and seven didn’t work 
a t  all. Even Randy Dyer, associate 
director of the Solar Energy Indus- 
tries Assn., conceded tha t  inexperi- 
enced labor has proven to be a seri- 
ous problem in a significant number 
of cases nationwide. 

In  a number of southern Califor- 
nia houses, workers installed sys- 
tems by following the  manufactur- 
er’s directions exactly: Install the  
collectors to the north, facing the  
sun. Unfortunately, the collectors 
came from Australia. In the  United 
States, the  sun comes from the  
south. 

“The problems go from the ridicu- 
lous to the  very subtle,” observed 
Lynda Connor, who manages solar 
consumer programs at the U S .  De- 
partment of Energy. 

Large rewards possible 
The rewards for selecting the  

right system a re  large: A tax credit 
(See How Energy-Saving Home I m -  
provements Can  Save Tax Money, 
page 136, Sept. ’79), thousands saved 
on fuel bills and a jump in a house’s 
resale value. A problem-free solar 
system is completely automatic. But  
to reap those rewards, consumers 
must first use sound buying prac- 

tices, as they would for any major 
purchase. 

Here, is how to avoid getting 
burned when you buy a solar system. 

Collecting information 
The first s tep is to gain as much 

detailed information as possible on 
solar systems-how they work, who 
makes them, performance data ,  eco- 
nomics, different designs, local in- 
stallers, problems. Contact the  fed- 
erally funded National Solar Heat- 
ing and Cooling Information Center 
(see page 134 for the  address of the  
Center and other helpful agencies), 
perhaps the  world’s largest such so- 
lar  outlet. Almost everything they 
supply is free. 

Make sure you ask for the  Domes- 
tic Hot Water Heater Installation 
Guidelines, a n  invaluable document 
tha t  will help you install-or scruti- 
nize-any system. 

Send for the Solar Energy Indus- 
t ry  Assn.’s Directory of S.E.I.A. Cer- 



313 

t i j kd  Solar  Collector Rat ings ,  which 
evaluates the  performance of a few 
dozen collectors. Contact the energy 
offices of any of the  10 northeastern 
states or  Florida to find out which 
collectors have passed the perfor- 
mance standards set for the  10,000 
hot-water grants  of $400 each, is- 
sued in the past three years by the 
US.  Department of Housing and Ur- 
ban Development. The Florida Solar 
Energy Center also has tested more 
than  160 collectors made by scores of 
manufacturers. Send for its summa- 
ry data  sheet. 

Fully understand a solar system 
before proceeding. In  theory, it’s 
simple: The sun heats  a black “ab- 
sorber plate” in an  insulated box, 
covered with glass or plastic to ac- 
cept light and t rap  heat. Water or 
air flows to the collector, where it 
picks up heat  for use in your house. 
In  practice, however, solar systems 
are  complicated. 

How systems fail 
As you examine the (diagram on 

page 84, you can begin t o  see where 
problems might develop. For exam- 
ple, if sensors or pumps are  installed 
backwards, systems can heat  the 
collector (and thus  the sky) and cool 
hot-water tanks. It has happened. 
In  fact, in some badly designed sys- 
tems, the collector wa,s protected 
from freezing by pumping up warm 
water from the  storage tanks- 
water already heated by the  collec- 
tors or by conventional fuel. In- 
stead, of course, the collector should 
be protected with ant i f~eeze,  or be 
automatically emptied (through the 
drain) into a pail or outlet when the 
temperature gets too cold. I t  would 
then be filled automatically when 
the  outside temperature increased. 

Good systems include safety fea- 
tures such as  a stagnation tempera- 
ture  relief valve, expansion tank, or 
both, in case the pump fails. Without 
such safety features, the  sun could 
raise the collector temperature to  
400°, blowing out the collectors or 
causing other serious damage. 

The size of the storage tank or bin 
is also critical. In  Roanolke, Va., one 
man bought a domestic hot-water 
system with a 2000-gallon storage 
tank, instead of the usual 60 to  120 
gallons. The tank collected a lot of 
B.T.U.s of heat, but they were 
spread out over so much water tha t  
the fluid only increased a few de- 
grees in temperature. The system 
was useless without a smaller 
tank. 

I t  almost goes without saying tha t  
energy conservation comes before 
solar energy. For a hot.-water sys- 

tem, insulate the  tank and pipes. 
For heating, insulate the attic, buy 
storm windows and caulk and 
weatherstrip windows and doors. 

Choosing a collector 
California has a lot of swimming- 

pool heaters. One, a black hose, came 
in a coil and was installed on the  
roof. In  one Palo Alto installation, a 
high wind unrolled the hose about 10 
feet. I t  smacked into a second-floor 
window and emptied the pool into 
the bedroom. 

Always  choose a collector t ha t  (1) 
has been approved in a federal test- 
ing program, (2) looks good in the so- 
lar  industry’s rating booklet, or (3) is 
highly rated by a n  independent lab- 
oratory. All reputable collectors will 
have undergone stagnation-temper- 
a ture  tests. Ask for documentation. 

First define your needs: domestic 
hot water, swimming pool or heating 
(air or water). Space heating usually 
requires higher collector tempera- 
tures  than  hot water. So heating 
systems often have double glazing 
and an  electroplated black collector 
coating, to  absorb more incoming 
light. 

The longest-lasting collectors a re  
copper. Galvanized steel and alumi- 
num are  subject to rusting, pitting 
or other corrosion. Add buffers to  
the water or antifreeze. 

If you are  a do-it-yourselfer, the  
specific collector you choose will 
probably depend on price and ease of 
installation. If you’re hiring some- 
one, depend on what’s local: You 
don’t want a dealer who’s 200 miles 
away if you have a problem. 

A final note on collectors: A recent 
study by the Solar Energy Research 
Institute in Colorado fouhd a ther- 
mosiphoning system to be the most 
efficient of all. In  such a system, the 
collector and the  tank are  on the  
roof, with the tank higher. The 
water circulates by siphoning; there  
is no pump. Of course, the system 
can’t be used in freezing weather. 
But  if you don’t mind a tank on your 
roof and no solar-heated water on 
freezing days, consider it. The sys- 
tem costs less than  $1500. 

Picking a contractor 
The best solar system in the world 

is thoroughly useless when installed 
by a n  incompetent contractor. In  
Florida, a perfectly good pump was 
installed upside down, so i t  could not 
be oiled-and it needed to be oiled. 
In  Miami, a solar installer put  in 
high-temperature collectors for a 
low-temperature swimming-pool 
system. The plastic pipes melted. 

In  one development near  San Di- 
ego, rooftop collectors face east, 
west, south and in between. Install- 
ers apparently jus t  followed the 
roofline, ignoring the direction from 
which the sun shines. 

Usually, the  dealer will also in- 
stall the system. First, make sure he 
is experienced: Ask for the names of 
10 customers, and v is i t  a t  least 
three. If the dealer won’t cooperate, 
leave. 

Solder blocks a pipe 
Grill the customers. Has the  sys- 

tem leaked? Did the  workmen kick 
the dog and track mud all over the  
carpets? Ask them how they know 
the system is saving money. One 
woman in Florida told researchers 
tha t  she loved her  system, but closer 
examination revealed i t  wasn’t sup- 
plying any heat: A piece of solder 
was blocking a pipe. 

Call agencies and ask for previous 
complaints: the local consumer 
affairs department and better busi- 
ness bureau, the s ta te  contracting 
license board. Consider asking your 
bank to do a credit check on the  com- 
pany principals and on the firm. The 
bank may do this as  a courtesy or 
will charge a nominal fee, perhaps 
$20. The credit check will determine 
how sound the  company is and 
whether there are  any major judg- 
ments against it. 

Execute a contract, specifying the 
type, number and price of all 
materials to  be used. This is impor- 
tant: A few southwestern solar- 
water heater distributors were 
caught switching-installing cheap- 
er and less efficient collectors than  
what the customer paid for. 

In  all cases, get  a collector war- 
ranty a t  least as  strict as  the  one re- 
quired by the U.S. Department of 
Housing and Urban Development 
for all systems installed under its 
grant  program. That  is a full one- 
year warranty on minor par ts  such 
as valves and sensors, and a five- 
year warranty on the  collector, 
pipes and pump. There must also be 
a five-year guarantee against corro- 
sion. Try to get a full year’s warran- 
ty on the installation, too-Califor- 
nia requires it-but settle for 90 
days. 

And consider requesting a perfor- 
mance bond, in which a bonding or  
insurance company guarantees 
both the collector and the  system. 
After all, solar companies do go out 
of business-in which case all their 
guarantees are  worthless. Usually 
the bond costs one percent of the  to- 
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ta l  bill. If bonding companies won’t 
issue one, you know there  a re  prob- 
lems with the  solar company. Get ev- 
erything in writing. 

You should perform several other 
checks to discover how good the  con- 
tractor is. Ask if t he  firm belongs to 
the  National Assn. of Solar Contrac- 
tors, comprising 400 carefully 
screened and experienced solar con- 
tractors. 

Check on whether the  contractor’s 
installers have taken a solar instal- 
lation course approved by the  feder- 
al government, major university or 
accredited institution. 

Even for small jobs, consider pay- 
ing a solar expert a small consulting 
fee to check plans and tes t  data. 

Above all, don’t rush. The sun  will 
be there tomorrow.  And it’s a buyer’s 
market right now. 

Having it installed 
Jus t  because the  contractor has 

good installers, i t  doesn’t mean they  
will be used on your job. Check the 
credentials of the  specific installers 
for your collector system. At least 
one should be a licensed plumber and 
two should have solar experience. 

If you can, be there  when the  sys- 
tem is installed. Bring diagrams 
with you. When it’s finished, inspect 
everything. Have the  installers walk 
you through the  system before it’s 
activated. Ask questions. “I t  takes 
only one small oversight to really 
mess up a house,” says Edwin Pap- 
worth, a Virginia solar contractor. 

Finally, have a checkup from the 
contractor after a week or two of use. 

“I  do believe it’s possible to buy a 
solar system and save money,” says 
Genen, the New York assistant at- 
torney general. “And I’m a great be- 
liever in solar. But  one thing is sure. 
If you don’t take the  time to do i t  
right first, yo! may have very little 
recourse later.” mu 

Where to obtain 
further information 
Florida Solar Energy Center. 300 State Road 401, Cape Ca- 

naveral, Fla. 32920. Free booklet: Turning on the Sun. 
National Assn. of Solar Con!ractors. Suite 928. 910 17th SI. 

N.W.. Washington, D.C. 20006. Will send you the names of 
approved contraclors near you. 

National Solar Heating and Cooling information Center, Box 
1607, Rockville. Md. 20850. 

Northeast Solar Energy Center. 470 Atlantic Ave.. Boston. 
Mass. 021 11. Free booklet: Solar Water Heating: What’s in if 
for You. 

Sheet Metal Workers International Assn.. 1750 New York Ave. 
N.W.. Washington. D.C. 20006. Offers wrinen guarantee for 
installation on a solar system put up by its members. 

Solar Energy Industries Assn.. Suite 300, 1001 Connecticut 
Ave. N.W.. Washington, D.C. 20036. 

Solar energy office of the California Energy Commission. 1 11 1 
Howe Ave.. Sacramento. Calif. 95825. Publishes dozens of 
brochures. most tree. Also lists performance data on more 
than 100 collectors it has tested. 

Solar Energy Research lnslitule. 1617 Cole Blvd , Golden, 
Colo. 80401. Its DE. ‘79 Monthly Review contains dala on 
relative solar system perlormance. 
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How Uncle Sam Can Help You 
with Your Invention 

F r o m  Ful ton  and Bell to Kodak and  IBM, Ameri-  
c a n  ingenui ty  h a s  been  encouraged  by p r a c t i c a l  laws. 
Le t ' s  see how t h e y  c a n  work fo r  today 's  young inventor .  
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enry Ford didn’t work for a com- H pany the size of General Motors. 
Thomas Edison wasn’t employed by 
an all-encompassing organization like 
Public Service Electric and Gas of 
New Jersey. And Alexander Graham 
Bell? The only Ma Bell he knew was 
his father’s wife. 

Tinkering in woodshed workshops, 
these “small-time” inventors helped 
spawn present-day giant companies. 
Ironical ly, present-day giant com- 
panies have made it difficult for in- 
ventors working on their own to get 
their inventions to market. For an in- 
ventor to get enough capital to de- 
velop an invention, he normally has 
to turn to a big company, which usu- 
ally makes company ownership of the 
invention a condition for funding. 

The government, recognizing the 
historic importance of the individual 
inventor, is bucking the trend. The 
Department of Energy (DOE) has two 
programs to fund inventions relating 
to energy. As this article is being writ- 
ten, the Department of Transportation 
(DOT) is developing a program to 
fund worthwhile inventions relative to 
highway, air, rail and marine trans- 
portation. 

It’s too soon to describe the DOT 
program. A PM article about that will 

come later, when things are more 
definite. 

The DOE programs, on the other 
hand, are established. If you have an 
energy-related invention you think the 
country needs but you lack money to 
bring it to market, one of the pro- 
grams may be worth pursuing. 

The oldest of the two is called the 
Energy-Related Inventions Program. 
It was established by Congress in 
1974. 

According to Patrick J. Donohoe, 
w h o  heads  t h e  DOE I n v e n t i o n s  
Branch, “The idea. behind the pro- 
gram is to help individual inventors 
and small businesses develop, and 
bring to market, worthwhile inven- 
tions that are energy-related.’’ 

When an invention passes the 
screening process, it is funded with 
the hope that the inventor will be able 
to do one or more of these things: 

Obtain a contract from private or 
government sources to further de- 
velop the invention. 
W Set up a company to manufacture 
and market the invention. 

Negotiate an agreement wi th a 
company that will manufacture and 
market the invention. 

An inventor just doesn’t walk into 
Donohoe’s office and, zip, get a few 

thousand. The screening process is 
as tough to get th rough as the  
National Basketball Assn. playoffs. 
There is a limited amount of money 
to go around, and there are thous- 
ands of inventors, each thinking he 
has an answer to the energy dilemma 

Suppose you have an invention. 
Your first step is to apply for a patent. 
Then, write the Inventions Branch, 
Div. of Business Programs, Depart- 
ment of Energy, Washington, D.C. 
20585, for an evaluation-request form. 
The evaluation request will be re- 
viewed by the National Bureau of 
Standards. 

At this point, over half of the ap- 
plications fall by the wayside. The 
main reasons are incomplete, tech- 
nically insufficient or hard-to-under- 
stand descriptions, and the existence 
of concept, rather than a working in- 
vention. 

An invention may take up to a year 
to get through the preliminary evalu- 
ation. If it survives, it enters the next 
stage, which is a technical review by 
two specialists in the particular field. 
Each specialist works independently 
of the other. The specialists look for 
obvious technical flaws. This process 
takes about eight hours. 

In 1978, over 10,000 evaluation re- 
quests were received. Only five per- 
cent of these proposals saw the light 
of hope at the end of the technical 
review. 

Those inventions that do survive 
this phase enter the final stage of 
evaluation, which is in-depth testing 
and analysis by a staff engineer who 
probes both the technical and corn- 
mercial feasibility of the invention. 

“No energy is saved unless people 
are able to buy and use a device,” 
says David G. Mello, who, along with 
Glen A. Ellis, works in Donohoe’s of- 

Repr in t ed  f r o m  t h e  November  1979 issue by permission f r o m  POPULAR MECHANICS. Copyr ight  @ 1979 The  
Hear s t  Corporat ion.  All r ights  reserved.  
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fice to coordinate the evaliiation proc- 
ess. “An invention has to be both 
possible and marketable to be of any 
value. If an invention is too expensive 
for people to buy, it’s not practical. In 
other words, we are not interested in 
devices that use platinum ball bear- 
ings.” 

After this final evaluation, DOE de- 
cides the nature and extent of sup- 
port each invention will receive. Of 
the 500 or so,inventions that reached 
this stage in 1978, about 7 percent 
survived. 

In terms of numbers, then, of the 
more than 10,000 inventions received 
in 1978, a scant 34 received support. 
But this support was to the tune of 
$2.3 million. The smallest award was 
$1 8,000, the largest was $1 70,000 and 
the average was $67,000. 

Dollar amount is one criteria that 
distinguishes the Energy-Related In- 
ventions Program from the Appropri- 
ate Technology Small Grants Pro- 
gram, wh ich  i s  the  o ther  DOE 
program. A cap of $50,000 is placed 
on funds allocated to an inventor un- 
der this program. Some inventors 
have received as little as $300 aid- 
money. However, neither extreme is 
the rule, since grants average about 
$10,000. 

The Appropriate Technology Pro- 
gram looks for people who have en- 
ergy-saving concepts (no hardware) 
or working inventions to meet specific 
needs of the local commu,nity, with a 
minimum expenditure of money and 
manpower needed to put the inven- 
tion into use. In other words, under 
the act by Congress authorizing DOE 
to set up this program, DOE has been 
charged with providing grants for the 
development of “small-scale, energy- 
related technologies that are appro- 
priate to local needs and :;kills.” 

In addition to individual inventors, 
Appropriate Technology grants are 
given to: 
W Local nonprofit organizations, and 
state and local government agencies. 
One grant for $8500, for example, 
went to Nevada State University in 
Las Vegas, which is working with an 
invention that combines evaporative 
cooling and solar heating that uses 
air, instead of water, as a conductor. 
If successful, the equipment will be 
valuable to the southwestern areas of 
the United States should a predicted 
water shortage develop. 
W Indian tribes. For instance, as part 
of a campaign to prove the effective- 
ness of solar energy methods, the 
Yavapai Council for the Aging in Pres- 
cott, Ariz., was awarded $2000 to in- 
stall a solar hot-water heater in a 
building used by senior citizens. 
W Small businesses. For example, 
Solar Aqua Systems, a small business 
firm in Encinitas, Calif., has an $8000 
grant to develop a covered, solar- 
heated lagoon for primary anaerobic 
treatment of waste water that will pro- 
duce methane for supplementary 
heating. 

Screening of proposals submitted 
to the Appropriate Technology Pro- 
gram is no less rigid than those 
offered to the Energy-Related Inven- 
tions Program. A proposal goes 
through four evaluation steps: 

1. A prescreening of applications. 
2. A technical review by experts 

drawn from the region involved. 
3. A review by qualified individuals 

from the state in which the project is 
to take place. 

4. A final assessment by a DOE se- 
lection panel. 

If you think you have an invention, 
or an idea for an invention, that quali- 
fies under the Appropriate Technol- 

ogy Program, write the DOE regional 
office that serves your locality for 
more information and a grant applica- 
tion. There are 10 regional offices as 
follows (address your letter to the De- 
partment of Energy, Attn.: Appropriate 
Technology Program): 

Region I: 150 Causeway St., Bos- 
ton, Mass. 021 14 (serving Maine, New 
Hampshire, Vermont, Rhode Island, 
Massachusetts, Connecticut). 

Region I I :  26 Federal Plaza, New 
York, N.Y. 10007 (serving New York, 
New Jersey, Virgin Islands, Puerto 
Rico). 

Region Ill: 1421 Cherry St., Phila- 
delphia, Pa. 19102 (serving Pennsyl- 
vania, Virginia, West Virginia, Dela- 
ware, Maryland, District of Columbia). 

Region IV: 1655 Peachtree St., N.E., 
Atlanta, Ga. 30309 (serving Kentucky, 
Tennessee, North Carolina, Missis- 
sippi, Alabama, Georgia, Florida, 
South Carolina). 

Region V: 9800 South Cass Ave., 
Argonne, Ill. 60439 (serving Minne- 
sota, Wisconsin, Michigan, Illinois, In- 
diana, Ohio). 

Region VI: 2626 West Mockingbird 
Lane, Dallas, Tex. 75235 (serving New 
Mexico, Oklahoma, Texas, Arkansas, 
Louisiana). 

Region VII: 324 East 11th St., Kan- 
sas City, Mo. 64106 (serving Missouri, 
Nebraska, Iowa, Kansas). 

Region VIII: Box 26247, Belmar 
Branch, Lakewood, Colo. 80226 (serv- 
ing Montana, North Dakota, South Da- 
kota, Wyoming, Utah, Colorado). 

Region IX: 111 Pine St., 4th Floor, 
San Francisco, Calif. 941 11 (serving 
California, Nevada, Arizona, Hawaii). 

Region X: 1992 Federal Building, 
915 Second Ave., Seattle, Wash. 
98174 (serving Washington, Cregon, 
Idaho, Alaska).-M.S. 
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To Teachers 
,WHO PLAN T O  USE THE READER WITH STUDENTS 

Whether  you a r e  t each ing  young people  or  adul t s ,  whe the r  you use  th i s  . reader  
for  c lass room reading ,or for  s t u d e n t  ass ignments ,  t h e r e  a r e  a f ew facts t h a t  you 
should b e  a w a r e  of. 

1. You have  c e r t a i n  r igh ts  to and  r e s t r i c t ions  on your  use  of t h e  m a t e r i a l  in  
t h i s  r eade r  under  t h e  copyr ight  law. 

2. The s t a t e m e n t s  and  opinions con ta ined  in th i s  m a t e r i a l  should b e  weighed 
and  'evaluated carefu l ly .  

3. In using readings  wi th  s tudents ,  p repara t ion  and  follow-up a r e  as 
impor t an t  as t h e  reading  i tself .  

, 
Let ' s  look at e a c h  of t h e s e  points  more  closely. 

Your Right to Use the Reader 

. The artic:les included in th i s  r e a d e r  a r e  repr in ted  h e r e  by t h e  generos i ty  of a 
number  of wr i t e r s ,  a r t i s t s ,  ed i to r s ,  and  publishers. Where t h e  m a t e r i a l  i s  
copyr ighted  (and most  of  i t  is), t h e  copyr ight  a p p e a r s  w i th  t h e  a r t i c l e ,  poem,  o r  
s tory.  The  copyr ight  law does al low t e a c h e r s  to rep roduce  such  ma te r i a l ;  however ,  
t h e r e  a r e  l imi ta t ions  on t h a t  right. To  m a k e  your  r igh ts  as a n  e d u c a t o r  c l e a r ,  and  

.-to encourage  you to use  t h e  r eade r ,  w e  have  included t h e  Congressional  Guidel ines  
for  Class room Copying. These  guidel ines  appea r  on pages  323-5. 

i -  

Point of View 
No magaz ine  a r t i c l e  c a n  g ive  

you "the fu l l  ene rgy  s to ry ;  w r i t e r s  
and  publ ishers ,  l ike  eve ryone  e l se ,  
have  poin ts  of view. W e  can ' t  
g u a r a n t e e  t h a t  t h e  a r t i c l e s  includ- 
e d  h e r e  a r e  comple t e ly  ob jec t ive  
o r  all-inclusive. What th i s  r e a d e r  
does  a t t e m p t  to do  i s  to g ive  a 
broad sampling. For  sugges t ions  on 
how to read  thought fu l ly  and  how 
to he lp  s t u d e n t s  d o  t h e  same ,  r e a d  
on. 



- .  
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- . .  
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Reading: Prepar, 

To profi t  from 

mot  ivatio 
b ac kg ro  ur 
reading a1 
cr i t ica l  sL 

HOW can- you 

- e energy reading? Bc 

- -  - reading assignments 

your s tudents  'get  

t ions for  preparat j  
G - 

M o ti va t io n 
St'udents toda 

t u r e  l i terally depen 
hard to mot iva te  
energy, if you r em 
knowledge gives t h  
t h a t  future.  To mol 

discuss source 
rising cos 
blackouts 
polit ical  i 
daily necc - 

use questions 
"Have yo1 
"What  wo 
"DO you 

energy 
"How do 

energy 
"How WOL 

or do a pre-rei 
t r y  a simF 
t a k e  a poi 
plan a det 

con si  der  

~. 

or 

outcoml 

. .  

- . 

n and Follow-'Up 
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I ?  

, 3 8 -  
i ,reading, t h e  person doing ,the-keading must  begin with 

',i 
l i ty  an$ vocabulary, and 
11s . ' 
I : '  

le sure that you and 
he most  f rom your 
ow a r e  some sugges- 
n: and:  .follow-up on 
,. I' 

t h a t  the  r fu- 
; 'on  energy. It j not  
hem to read about  
Id them t h a t  energy 
TI more control  over 

. .  . 

. .  

" t .  

anxiety for  them milies, such as: , d 

' 9  

lnd shortages, 
I'd s t ra teg ic  barr iers  t 
kities and comfor t s  

eper  been in a greenhouse?q ;What was  i t  like?" , 1 

en to uti l i ty compa 
e r  how you felt w u f i r s t  became  a w a r e  

everyone used solar energy?" 

ing country might  feel about  
9 %  

think a person i n - a  
;e in t h e  United States?" 
j/you design a completely 

act ivi ty ,  for  example: 

; ~ 

ufficient house?" 

xperiment  or  demonstrat ion related to t h e  a r t  

4, 

id on t h e  art icle 's  information, or writing assignment ba 

ous energy fu tures  a n d ;  
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Background 

Studen t s  c a r e  a b o u t  t h e  dnergy f u t u r e ,  b u t  t h e y  o f t e n  lack  s p e c i f i c  i n fo rma-  
They  t e n d  to get t h e i r  opinions by hearsay,  and  t a l k  in  g e n e r a l i t i e s  a n d  

You c a n  b r e a k  th rough  
tion. 
slogans. 
ove r s impl i f i ed  thinking with 

They  need m o r e  c o n t e x t  fo r  t h e i r  reading. 

bul le t in  boa rds  of clippings,  

- , ~ ~  ,+La ..d role playing a b o u t  ene rgy  confl ic ts .  

Reading Abil i ty and Vocabulary 

Not e v e r y  r ead ing  is i n t ended  for  e v e r y  s tudent .  In fact, s o m e  of t h e  a r t i c l e s  
in t h e  r e a d e r  a r e  only a p p r o p r i a t e  f o r  t e a c h e r s  and advanced  s tudents .  S t a c k  t h e  
d e c k  for  r ead ing  success:  

1 

1. S e l e c t  a r t i c l e s  at t h e  a p p r o p r i a t e  reading level.  (They a r e  keyed in t h e  
t a b l e  of c o n t e n t s  with co lor  tabs ;  one  f o r  e a s y ,  t w o  f o r  i n t e r m e d i a t e ,  a n d  
t h r e e  for  diff icul t . )  

2. In t roauce  new words  b e f o r e  beginning t h e  reading. S t u d e n t s  c a n  use  t h e  
glossary ( p a g e  327) or ' t h e y  c a n  t r y  to f i g u r e  o u t  t h e  m e a n i r g s  of t h e  
words  f r o m  t h e i r  c o n t e x t .  

( 

3. A t t a c k  t h e  r ead ing  a t  t h e  e a s i e s t  ( in format iona l )  l eve l  f i r s t ,  a n d  t h e n  
lead s t u d e n t s  to t h e  m o r e  d i f f icu l t  levels: 

F i r s t ,  s e a r c h  for  and  r e c a l l  facts. 
Second,  consider  w h a t  t h e  w r i t e r  is t ry ing  to c o m m u n i c a t e .  
Third, apply w h a t  , the w r i t e r  s a y s  to one 's  own expe r i ence .  
Four th ,  a n a l y z e  how t h e  w r i t e r  p r e s e n t s  h i d h e r  ideas.  
F i f th ,  suggest  new4 ways  of p resen t ing  or  adding to t h e s e  ideas.  
Last ,  e v a l u a t e  and1 e x p r e s s  opinions on t h e  m a t e r i a l .  

, 
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F r o m  Ci rcu la r  R21 of t h e  Copyr igh t  Office, L ib ra ry  of Congress ,  Washington, DC 
20559. 

Agreement on Guidelines for Classroom Copying 

in Not-for-Profit Educational Institutions 
with Respect to Books and Periodicals 

T h e  purpose of t h e  following guidel ines  is to state t h e  minimum and  not  t h e  
max imum s t a n d a r d s  of e d u c a t i o n a l  f a i r  use under  Sec t ion  107 of H.R. 2223. T h e  

p a r t i e s  a g r e e  t h a t  t h e  cond i t ions  de t e rmin ing  t h e  e x t e n t  of permissible  copying f o r  
e d u c a t i o n a l  purposes  may  c h a n g e  in t h e  f u t u r e ;  t h a t  c e r t a i n  t y p e s  of copying 
p e r m i t t e d  under  t h e s e  guidel jnes  m a y  not  b e  permissible  in t h e  f u t u r e ;  and  
conve r se ly  tha.t in t h e  f u t u r e  o t h e r  t y p e s  of copying n o t  p e r m i t t e d  under  t h e s e  
guidel ines  m a y  b e  permissible  under  revised guidelines.  

1 

Moreover ,  t h e  following s t a t e m e n t  of guidel ines  is n o t  i n t ended  to l imi t  t h e  
t y p e s  of copy ing  p e r m i t t e d  under  t h e  s t a n d a r d s  of f a i r  use under  judicial  decis ion 
and  which a r e  s t a t e d  in S e c t i o n  107 of t h e  Copyright  Revision Bill. T h e r e  m a y  b e  
i n s t a n c e s  in  which copying which d o e s  not  f a l l  within t h e  guidel ines  s t a t e d  below 
m a y  none the le s s  b e  p e r m i t t e d  unde r  t h e  c r i t e r i a  of f a i r  use. 

Guidelines 

I. Single Copying f o r  T e a c h e r s  I 

A single  copy  m a y  b e  m a d e  of a n y  of t h e  following by o r  f o r  a t e a c h e r  at 
his or her  individual r e q u e s t  f o r  his o r  her  scholar ly  r e s e a r c h  or u s e  in  
t e a c h i n g  o r  p r e p a r a t i o n  to t e a c h  a class: I 

A. 
B. 
C. A s h o r t  s t o r y ,  s h o r t  e s say  or s h o r t  poem,  w h e t h e r  or not  f r o m  a 

D. A c h a r t ,  graph,  d i ag ram,  drawing,  c a r t o o n  o r  p i c t u r e  f r o m  a book, 

1 

A c h a p t e r  f r o m  a book; 
An 'a r t ic le  f r o m  a per iodica l  o r  newspaper;  

c o l l e c t i v e  work; 

per iodical ,  o r  newspaper .  

Mult iple  Cop ies  f o r  C las s room Use  

I 

11. 
_. 

Multiple c o p i e s  (not  to e x c e e d  in a n y  e v e n t  m o r e  t h a n  o n e  copy  pe r  pupil  
in a course)  m a y  b e  m a d e  by o r  f o r  t h e  t e a c h e r  giving t h e  c o u r s e  f o r  
c l a s s room use  or discussion; provided t h a t :  

A. 

B. 
C. 

T h e  copying m e e t s  t h e  tests of brevi ty  and  spon tane i ty  as de f ined  below; 
and,  
Meets t h e  c u m u l a t i v e  effect test as de f ined  below; and,  
E a c h  copy  includes a n o t i c e  of copyright .  
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3 '  Definitions : P 

. a  

.- 

n 250 words and if printed. 
longer poem, a n  exce rp t  

ory or essay of less than 
e work of not more  than 
is less, but in an,: even t  

-63 

- 

, 7  

f' 

'̂i -1 - finished line of a poem 

5 :  , drawing, car toon o r  

poetry, prose or  in "poetic . . -  
with i l lustrations and which ~ 

ther  t imes . for  a more 
their  ent i re ty .  Para- 

'special works': may not  be  
a n  exce rp t  comprising not 

ch special work and 
words found in t h e  t e x t  . 0.- 

spiration of t h e  individual 

k and t h e  moment of . 
s a r e  so close-in t i m e  t h a t  
ely reply to a request for  

- _  

ourse in t h e  school-in 

story,  essay or t w o  
o r  more than  t h r e e  
m e  dur ingone  class 

_ a  

copyl'ng for  one course during one  class 1 ,  term. - .  1: i i .  

The limitations s t a t e d  in ''iil'; and "iii" above shall. not apply to 
perd and cur ren t  news sections 

. 

current'  news periodicals and new 

I .  



325 

111. Prohibitions as to I and I1 P 

Notwithstanding any o 

A. Copying shall  not be 
anthologies, compilat  
substi tution may occ 
theref rom a r e  accumu 

There shall  be  no cop  
in the course of stt 
exerc:ises, standardizc 
like consumable mater 

B. 

C. Copying shall not: 

(a) subst i tute  for  the 

(b) he  directed by hi@ 
(c) b e  repeated wit t  

f rom t e r m  to t e r r  

No charge  shall b e  m 
photocopying. 

cals; 

D. 

t h e  above, t h e  following shall  b e  prohibited: 

used'to . c rea te  or  to replace or  subst i tute  for  
Ins o r  col lect ive works. Such replacement  or - whether copies of various works or  excerp ts  
i ted o r  reproduced and used separately.  

Ing of 'or  f rom works intended to be  "consumable" 
ly OF of teaching. These include workbooks, 
i tests and test booklets and answer shee ts  and 
31. 93 

puichase of books, publishers' repr ints  or periodi- 

e r  authority;  ~ 

respect  to t h e  s a m e  i t em by t h e  s a m e  teacher  

-4 i;. 

5 ..' s 
d e  to t h e  s tudent  beyond t h e  ac tua  

. -  
S I  

cost of t h e  

. 
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I 'XIossary 
a 

absorber 
a surface,  usually blackened m tal, which absorbs solar radiation and converts  i t  to 
heat energy in if solar collector. 

a c t i v e  solar energy system ; 
a system which requires external  mechanical power (motors, pumps, valves, etc.) to 
ope ra t e  t h e  system and to t ransfer  t h e  collected solar energy from t h e  collector to 
s to rage  or to distribute i t  throughout t he  living units. 
space heating and cooling, domestic hot water ,  and/or s team for  industrial use. 

a i r  exchanges 
replacement  of a given volume of a i r  in a room or an en t i r e  building over a period of 
t ime. Air, exchanges (AE) a r e  sometimes expressed as whole-volume exchanges p e r  
hour or, al ternatively,  as cubic ,  feet per minute (CFM). A standard,  insulated new 
home is expected to have- 1 AEjhour; a specially constructed,  energy-efficient house 
may have only 1/2 AE/hour. Drafty,  uninsulated houses typically have 3 or more  
AE/hour. 

alcohol fuels 
primarily grain alcohol (ethanol) and wood alcohol (methanol) which have been used for  
decades in some European ca and in r a c e  cars. Cheap and easy availability of 
gasoline in t h e  past made the  neconomical. Engine modifications will be  necessary 
if t h e s e  liquid fuels a r e  to be  in to  widespread use, but small  amounts  of ethanol  (up 
to 10% mixture with gasol as in gasohol) can  be  used in most c a r s  without 
alterations.  Allcohol fuels can  be  made  f rom a variety of mater ia ls  including c rop  
surpluses, lumber wastes, municipal sewage, and garbage. 

Active systems can  provide -. 

a1 t i tude 
t h e  angle formed between t h e  horizon and 
t h e  sun. I, 

-i 

s c  

anaerobic digestion 
conversion of organic mater ia l  (crop residue, manure, or sewage sludge, for example) 
in to  methane  by microorganisms,That decompose t h e  was tes  in t h e  absence of oxygen. 

anemometer  
an instrument which measures t h e  speed 
of t h e  wind. 



a z i m u t h  
t h e  ang le  fo rmed  be 
t h e  poin t  on t h e  hc 
t h e  sun. 

. .  

- backup ene rgy  sys t e r  
an  ene rgy  sys t em usj 
to supply all t h e  h e a  
w a t e r  during any  pc 
ene rgy  s y s t e m  is no t  

_ -  

CF ' 

.~ - - .  
. _  . .  

bioconversion 
a gene ra l  t e r m  desc r  
organisms.  -Examples  

- a lcohols  and na tu ra l - ;  
I of ene rgy  in food c h a  

biof ue l  s 
r enewab le  ene rgy  so 
alcohol ,  wood, m e t h a  

biomass 
a volume or  amoun t  
an ima l  manure ,  etc. -. -n 
b lanke t  insulat ion 
cotton f iber ,  minera l  

W 
Btu 
Br i t  ish t h e r m a l  uni t ,  
to r a i se  t h e  t empera  
f o u r t h  of a kilocalor  ic 

C 
._ . c a l o r i e  (also: g r a m  c 

a m e t r i c  un i t  of hea  
- o n e  g r k m  of w a t e r  o 
m a k e  one  ki localor ie  

c a t a l y t i c  c o n v e r t e r  
. a dev ice  added  to 2 

carbon monoxide, and  
a l so  r emqves  ni t roger  

c a u  1 king  
a soft, semi-solid m a  
building, t he reby  red1 

c l e r e s t o r y  
a window loca ted  h 
vent i la t ion.  

co l l ec to r  
- any  of a wide var ie t !  
etc.) which c o l l e c t  s o  

_ .  

. 

% A  - .  . .  > :  
. 

. _  . . . - .  

. .  
_ .  . .: 

I 
i 

ween t r u e  sou th  and  
i t o n  d i r ec t ly  be low 

1; convent iona l  fue l s  
ing and  domes t i c  ho t  
-iod when t h e  so la r  
)perat ing.  

1 

'I 

. I  - 
.! 
I 

4 

ng t h e  conversion of o n e * f o r P  of ene rgy  i n t o  a n o t h  
a re  product ion  of wood and  suga r s  by g r e e n  p lan ts ,  p 
apses by microorganisms acting'bon o rgan ic  ma te r i a l s ,  

L I ' .  

s produced by or  f r  e e n  plants .  Exa  p l e s  a r e  gra in  
o m  anae rob ic  d iges t  

l an t  m a t e r i a l  in  a n y  form:  a lgae ,  wood, p l an t s ,  c r o  

I I < .  
- 1  1 

vool, or wood f iber  m a d e  in40 l eng ths  of vary ing  thicknesses .  
1 .  

; h  

L :uni t  for  measur ing  h e a t ;  a )Btu is t h e  q u a n t i t y  of h e a t  necessa ry  
,dre of one  pound of w a t e r  ohe d e g r e e  Fahrenhei t ,  a b o u t  one-  
'(1252 calor ies) .  - . !  

. 8  
1 . '  k 

1 -  

I l o r ie )  i 
energy;  t h e  a m o u n t  of hea$<needed  to ra i se  t h  t e m p e r a t u r e  of  
e d e g r e e  Celsius. I t  equals; Oj0039 Btu. One  ousand ca lo r i e s  
kcal), s o m e t i m e s  ca l led  a Ca lo r i e  or  a food Calor ie .  

i 1 exhaus t  s y s t e m  or chimney.  t h a t  c o n v e r t s  t h e  a i r  po l lu t an t s '  
r oca rbons  to ca rbon  dioxide and  wa te r .  A s imi la r  conversion 

. 
I '  
~ 

I 
I 
I # 

?r ia l  t h a t  can  b e  squeezed  in to  nonmovable  joints  and  c r a c k s  of a 
:jng t h e  f low of a i r  i n t o  and 'ou t  of t h e  building. 

I 1. 

- d e v i c e s  ( f la t -p la te ,  con  r a t ing ,  vacuum tube ,  greenhouse ,  - 

rad ia t ion  and c o n v e r t  Tt 

- .  
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c o l l e c t o r  e f f i c i c x  
t h e  f r a c t i o n  of incoming radiat ion c o n v e r t e d  to h e a t  and  s t o r e d  by t h e  co l lec tor .  If a 
s y s t e m  capture:; half of t h e  incoming rad ia t ion ,  t h e  sys t em is 50% eff ic ien t .  

c o l l e c t o r  t i l t  
t h e  angle ,  measu red  f r o m  t h e  horizontal ,  a t  which a so lar  co l lec tor  is t i l t ed  to face 
t h e  sun f o r  b e t t e r  pe r fo rmance .  

compos t  
a m i x t u r e  ' of decomposing  plant  re fuse ,  manure ,  etc. used fo r  fe r t i l i z ing  and 
condi t ioning t h e  soil. 

c o n c e n t r a t o r  
a r e f l e c t o r  or lens  designed to focus a l a r g e  a m o u n t  of sunl ight  into a sma l l  a r e a  t h u s  
increas ing  t h e  in tens i ty  of t h e  ene rgy  co l lec ted .  In wind terminology,  a dev ice  o r  
s t r u c t u r e  t h a t  i n c r e a s e s  t h e  speed of t h e  wind. 

conduc t ion  
t h e  t r a n s f e r  of h e a t  ene rgy  through a m a t e r i a l  by t h e  motion of a d j a c e n t  a t o m s  and  
molecules .  

conse rva t ion  
making  t h e  bes t  use of n a t u r a l  r e sources  by reducing w a s t e ,  improving ef f ic iency ,  a n d  
s lowing t h e  r a t e  of consumption. ,  

convec t ion  
t h e  t r a n s f e r  of h e a t  ene rgy  f r o m  o n e  locat ion to a n o t h e r  by t h e  motion of f luids  which ' 
c a r r y  t h e  heat .  

c o v e r  p l a t e  
a s h e e t  of glass  or t r a n s p a r e n t ,  p las t ic  t h a t  s i t s  a b o v e  t h e  abso rbe r  in a flat p l a t e  
co l lec tor .  (See also: g l a z i n R )  

cut- in  speed  
t h e  wind speed  at which a wind mach ine  is a c t i v a t e d .  

cu t -ou t  speed  
t h e  highest  speed  which a wind 'machine a t t a i n s ,  a b o v e  which i t  shuts  down; designed 
as a s a f e t y  f e a t u r e  to p r e v e n t  s t r u c t u r a l  s t r e s s e s  or fai lures .  The  lower t h e  cu t -ou t  
speed,  t h e  less  power g e n e r a t e d  at high wind speeds.  O p t i m u m  cut- in  and  c u t - o u t  
speeds  depend con mach ine  design and  wind c h a r a c t e r i s t i c s  at t h e  spec i f ic  s i t e  w h e r e  
t h e  wind mach ine  is installed.  ' 

% 

. t  

damper  
a dev ice  which pe rmi t s ,  p revents ,  or c o n t r o l s  t h e  pas sage  of a i r  through a n  a i r  o u t l e t ,  
in le t ,  or duct.  

deciduous 
desc r ibes  t r e e s  and  shrubbery t h a t  lose t h e i r  l e a v e s  during t h e  fa l l  season of e a c h  y e a r  
and  p roduce  new fo l iage  in t h e  spring. ,. 
d e g r e e  d a y  
a uni t  which descr ibes  t h e  seve reness  of a p a r t i c u l a r  c l i m a t e ,  used in t h e  h e a t i n g  
industry as a m e a s u r e  of t h e  a m o u n t  of hea t ing  needed. The  number  of d e g r e e  d a y s  
f o r  a par t icu lar  day  e q u a l s  65 d e g r e e s  F a h r e n h e i t  minus t h e  a v e r a g e  outdoor  
t e m p e r a t u r e  f o r  t h a t  day. 
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di f fuse  rad ia t ion  l 

i n d i r e c t  sunl ight  t h a t  is s c a t t e r e d  f r o m  a i r  molecules ,  dus t ,  and  w a t e r  vapor ,  and  casts 
i 

I1 t no shadow. 1 
1 ,  I 

I 
, A i  rprt rad ia t ion  1 

i t  which casts11 shadows,  r ece ived  d i r e c t l y  $ f r o m  t h e  disk of t h e  sun wi th  l i t t l e  
Y . l _ b  c 

a t m o s p h e r i c  s c a t t e r i n g .  - . 1 
1 
I #  

d i r e c t  solar  gain 
a t y p e  of passive 
south-facing living 

draindown 
a t y p e  of liquid, a 
by a u t o m a t i c a l l y  d 

, 
I 

h e a t i n g  s y s t e m  in which solar  rad ia t ion  passes  through t h e  
before being s t o r e d  in the I "  t h e r m a l  mass.  

solar h e a t i n g  s y s t e m  which p r o t e c t s  c o l l e c t o r s  f r o m  f r e e z i n g  

- 

I 

when t h e  pump is t u r n e h  off.  
I ,  
! <  

J 
11 1 

e a r t h  b e r m  
a bank of d i r t  t h a t  
t h e  wind. <! 

ene rgy  
t h e  ab i l i ty  to do or m a k e  things move;  t,he appl ica t ion  of a f o r c e  th rough  a 
d is tance .  Energy ts in a v a r i e t y  of f o r m s  (e lec t r ica l ,  k i n e t i c  or  mot ion ,  
g r a v i t a t i o n a l ,  l ight  ic ,  c h e m i c a l ,  h e a t )  and  g ,n  b e  c o n v e r t e d  f r o m  o n e  to ano the r .  ._ 
C o m m o n  uni t s  a r e  s, joules,  Btu,  and kilowatt-hours.  

I 

a building, used to s t a b i l i z e  + in te r ior  t e m p e r a t u r e  or to d e f l e c t  

3 .  
il 

) I  
11 I e n e r g y  a u d i t  11 ' I 

t h e  e x a m i n a t i o n  of a building's cons t ruc t ion  and  m a t e r i a l s ,  mechan ica l  and  e l e c t r i c a l  
sys t ems ,  ene rgy  usage  p a t t e r n s ,  and  f u e l  history1 in  o rde r  to ident i fy .  possibi l i t ies  f o r  
e n e r g y  conservation.;! I 

1 11 
I . '1 

en t ropy  a 
a m e a s u r e  of t h e  e 
c o n v e r t e d  to a n o t  h 
The  second l aw of 
c o n s t a n t l y  increas in  

gy t h a t  is unavai lable  f o r  u se  in a s y s t e m ,  b e c a u s e  i t  c a n n o t  b e  
o r m ;  en t ropy  t h e r e f o r e  r e f l e c t s  t h e  inef f ic iency  of a sys t em.  

odynamics  states t h a t  t h e  a m o u n t  of e n t r o p y  in t h e  universe  is 

4 '  
It I 
I1 e u t e c t i c  s a l t s  

a group of m a t e r i a l s  t h a t  m e l t  a t  a low tempeGature,  and  abso rb  l a r g e  q u a n t i t i e s  of 
h e a t  in t h e  process .  1' I 

i 

i "  1 .  e v a p o r a t i o n  
t h e  c h a n g e  f r o m  liq 
m a t e r i a l  undergoing 
c a l o r i e s  per g r a m  a 

to g a s  which requi res  e x t r a o r d i n a r y  abso rp t ion  of h e a t  by t h e  
is  phase change.  Liquid ~ a t e r ,  f o r  example ,  abso rbs  ,540 e x t r a  
00' C as i t  vaporizes .  This h e a t  will b e  r e l eased  a g a i n  if t h e  

f l a  t -p la te  c o l l e c t o r  ! 

t r a n s f e r s  i t s  h e a t  t c u l a t i n g  fluid.  I t  

a n  enclosed,  g l azed  
h e a t  w i thou t  t h e  a i  

I con ta in ing  a da rk  abso tb ing  s u r f a c e  t h a t  c o n v e r t s  sunl ight  to 
a r e f l e c t i n g  s u r f a c e  to iconcent ra te  t h e  rays. The  c o l l e c t o r  

I <  

f o a m  insulat ion 
S ty ro foam,  rigid foa boards,  or liquid f o a m ,  used .as insulation. 

I - '  
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s i  
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. .  

i f o r c e  
t h e  a c t i o n  on a body which t e n d s  to c h a n g e  i t s  r e l a t i v e  condi t ion as to r e s t  o r  motion. 

" 
1 

' .  
ga soho 1 
a fue l  m i x t u r e  composed  of 90%). unleaded gasol ine and 10% e t h a n o l  (e thyl  or  gra in  
alcohol). t 

g 

I! Glauber 's  s a l t s  
sodium s u l f a t e  d e c a h y d r a t e ,  a e u t e c t i c  s a l t  t h a t  m e l t s  at 90 d e g r e e s  F a h r e n h e i t  (32' 
C )  and absorbs about 104 Btu per+ pound (12 kilocalories per kilogram) as it does so; 
f a i r ly  inexpensive,  i t  is used for  s tor ing  solar  h e a t .  

g l a z i n g  
- t h e  t r a n s p a r e n t  or t r a n s l u c e n t  cove r  of a solar  co l lec tor  (also: c o v e r  plate) ,  or t h a t  
m a t e r i a l  which f o r m s  a window or skylight.  In solar  appl icat ions,  glass  or  r e in fo rced  
polyes te r  is usually used as a glazibg. 

a phenomenon which c o n v e r t s  solar  rad ia t ion  to hea t .  Sunlight p e n e t r a t e s  g laz ing  
q u i t e  eas i ly  but ,  when abso rbed  by o b j e c t s  behind t h e  glazing,  is  r e r a d i a t e d  as h e a t  
which d o e s  not  p e n e t r a t e  t h e  gl H e a t  is the reby  t r a p p e d  and  c a n  b e  
used. Also: t h e  warming effect of ca rbon  dioxide and w a t e r  in t h e  a t m o s p h e r e  a c t i n g  
as a "lid" to slow t h e  e s c a p e  of h e a t  f r o m  t h e  e a r t h ' s  sur face .  Molecules  of w a t e r  and  
ca rbon  dioxide a b s o r b  and  r e r a d i a t e  b a c k  to e a r t h  much of t h e  h e a t  r a d i a t e d  f r o m  i t .  

I t  

greenhouse  e f f e c t  I 

ing as easily.  

/j 

h 
. .  

h e a t  
e n e r g y  t h a t  f-lows b e t w e e n  a s y s t e m  and  i t s  surroundings b e c a u s e  of a t e m p e r a t u r e  
d i f f e r e n c e  b e t w e e n  t h e m .  H e a t  resu l t s  f r o m  t h e  mot ion  of molecu le s  of m a t t e r .  Also, 
t h e  word heat is o f t e n  used to r e f e r  to t h e  ene rgy  con ta ined  in a s a m p l e  of m a t t e r  ( for  
example ,  k i loca lor ies  p e r  uni t  of food). 

h e a t  c a p a c i t y  ( spec i f ic  h e a t )  
t h e  q u a n t i t y  of h e a t  required to r a i s e  t h e  t e m p e r a t u r e  of a given vo lume  of m a t e r i a l  
by one  d e g r e e  in a given s y s t e m  of m e a s u r e m e n t .  

a dev ice  spec i f ica l ly  designed tb t r a n s f e r  h e a t  b e t w e e n  t w o  physically s e p a r a t e d  
fluids. 

h e a t  exchange r  t' 

I 

P 
h e a t  pump f 

a d e v i c e  t h a t  t r a n s f e r s  h e a t  f rom'  a co lde r  region to a w a r m e r  o n e  (or v i c e  versa)  by 
I 

. 

t h e  e x p e n d i t u r e  of m e c h a n i c a l  or  e l e c t r i c a l e n e r g y .  The  h e a t  pump o p e r a t e s  by 
a l t e r n a t e l y  e v a p o r a t i n g  and  condensing a r e f r i g e r a n t ,  o r  h e a t  t r a n s f e r r i n g  fluid,  in a 
closed cycle .  I t  d i f f e r s  f r o m  a t y p i c a l  r e f r i g e r a t i o n  uni t  in t h a t  t h e  h e a t  pump c a n  
r e v e r s e  i t s  c y c l e  to provide h e a t  imnstead of r emov ing  it. H e a t  pumps  a r e  bo th  h e a t e r s  
and  air-condi t ioners  and,  c o m p a r e d  to e l e c t r i c  r e s i s t a n c e  e l e m e n t s  o f t e n  used in a l l -  
e l e c t r i c  homes,  t h e y  a r e  m o r e  e f f i c i e n t .  

h e a t  sink 
a medium (gas, liquid, or solid) c a p a b l e  of a c c e p t i n g  and  s t o r i n g  hea t .  

heli  ost a t 
a n  in s t rumen t  cons is t ing  of a m i r  o r  moun ted  on a n  ax is  moved by clockwork;  used to 
r e f l e c t  t h e  sun's rays  i n t o  a solar  c o l l e c t o r  o r  fu rnace .  

' 

9 



horizontal shaf t  wir 
a wind machine on 
earth.  

hybrid solar energy 
a system t h a t  uses I 

hydroelectric plant 
an e lec t r ic  power 
electr ical  energy b) 

c 

.' 

- -- 

F i e  ;, 

indirect  solar gain 
a type  of passive 
collecting and t h e  
pond). 

in f i 1 t r  a t ion 
. t h e  uncontrolled r 

.windows and doors, 

. 

infrared radiation 
t h e  .invisible rays j 
longer than those ol 

insolation 
t h e  energy receivec 
- solar radiation. Tt 
kilowatt hours. Lo 
thickness and t ran:  
surface to the  sun's 
da ta  or "sunshine st 

insulation 
mater ia l  with high 
for home insulation 

isolated solar gain 
a type  of passive sc 
attic collector) and 

joule 
a me t r i c  unit of wo 
or 0.00095 Btu or 0, 
an e lec t r ic  cur ren t  1 

k 
kilowatt 
a measure of 'powei 
3,413 Btu per hour. 

irbine 
ich the  shaf t  t h a  

I T  

he rotors a r e  a 

e m  
ac t ive  and passive metho 
- 

n t  in which the  energy 
urbine generator.  

- heating system in whic 
*ibuting surfaces  (exampl 

hed to is parall 
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1 to t h e  

s to operate.  

of falling water  is' converted into 

: t h e  s torage is placed between t h e  
: - Trombe wall, wa te r  wall, or roof 

u . ,  
ii 

!merit of outdoor a i r  into a building through cracks around, 
in walls, roofs and floors.: (See also: a i r  exchanges.) 

1 

11 , 

beyond t h e  red of t h e  visible spectrum; their  wavelengths are 
b SDWtrllm cnlnrs and thevj have a oenetrat ine heatine effect. 

e a r t h  f rom t h e  sun, a contraction of t h e  three  words: k c o m i n g  
s ta l  daily insolation is t h e  equivalent of abou t  4.2 quadrillion 
insolation depends on theiposition of t h e  e a r t h  in its orbit ,  t h e  
ency of t h e  atmosphere, '  t h e  inclination of t h e  intercept ing 
s, and the  solar constant.  Weather bureaus now keep insolation 
tics". 

stance (R-value) to hea t ,  flow. Some commonly used:materials 
fiberglass, cellulose, rock,  wool, and Styrofoam. 

heating system in which hea t  is collected in one a r e a  (sunspace, 

Y ,  

I 

/ /  

n' 
1 

in another (living spaces!. 1 

! .  
I 
I 
I 1 
i !  

I /  

nechanical  energy, and heat ;  approximately equal to 0.74 ft-lbs 
:alories. I t  is defined as t h e  energy expended-in one second by 
ie ampere  with a resistance of one ohm. 

I 

I 

sually e lectr ical  power 01 hea t  flow; equal to 1,000 w a t t s  or 



I! 

kilowatt-hour I 

t h e  amount of (energy equivalenj  to one kilowatt of power being used for  one hour; 
equals 3,413 Btul, or about  860 kcal. 

0 I I 

1 2 langley 
a unit of solar energy, i ts  radiation intensity is equivalent to 1.0 calor ie /cm . I t  can  
be  used as a power unit when, flow over  t i m e  is expressed 2 s  langleys/min or 
langleys/hr or langle$s/day. One, langley/min = 22 1.2 Btu/hour/ft . One langley/min 
also = 697.3 wat ts /m or 16.74 kWh. ' 

Y 

11 
I. 
4 l a ten t  hea t  

t h e  amount of hea t  in calor ies  o r  Btu absorbed when a mater ia l  changes its state f rom 
a solid to a liqulid or f rom a' l iguid to a gas. Laten t  hea t  is recovered by freezing a 
liquid or by condensing a gas. 1 

1 
1 

l a ten t  hea t  s t o r i w  'I 
use of a heat-absorbing material 's  phase change behavior to design a compac t  thermal  
storage system. Unusual amoun t s  of hea t  a r e  absorbed by some solids at their  mel t ing 
points without  causing their  tem;perature to change. This hidden or "latent" hea t  is 
then  s tored in liquids until they  resolidify. An example i,s ice, which absorbs 80 
additional calor ies  per gram a f t e r  it has  been warmed to 0" C and before  it melts. 
This heat  is released again only when water  refreezes .  Cer ta in  hydrated salts with low 
m+ting points ( su tec t i ssa l t s ) .  an:d paraff ins  me l t  and store la ten t  hea t  in the  32' C - 
45 C range (901 - 113 F) easily a t ta inable  by flat-plate col lectors  even on cloudy 
days. This gives them potent ia l i for  domest ic  hea t  storage. Ponds and blocks of ice 
are also being used for  la tent  he,at s torage  in some exper imenta l  heating and cooling 
systems. 11 

I 

l i fe  cyc le  costs 
t h e  total costs of an i t em inc ludhg init ial  purchase price as well as cost of operation, 

I 

maintenance,  etc. over t h e  l ife of t h e  item. 

loose insulation 4 
smal l  pieces  of insulation which ake blown into place. 

Y 

4 
Jl 

m 
megawat t  
a unit of power lequal+ to 1,000 kil w a t t s  or one million watts. 

- methane  gas  
a colorless, flammable, gaseous hydrocarbon,' emi t t ed  by marshes and by dumps 
undergoing decomposition; can  also b e  manufactured from crude petroleum or o ther  

I 
11 

- 'I 

11 organ ic m a te r  i a  Is. 1 .  

n 
1 nonrenewable resources  

energy resources t h a t  a r e  not being replaced during t h e  t i m e  span of human history. 
Examples are coal, oil, natural  gas, and uranium. 
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. n  

0 

erature' difference (betw 
ove i t )  in- t ropical  ocean 

n cold deep water  
s used to generate 

0 
i 

x 

the  exterior of a building placed (ideally) so ' 

merh only. An overhang may be  'fixed or 
movable, part  of Ithe original construction or :a .retrofit .  Several  designs a r e  possible. 
An upward-tilted ,overhang can also serve as a ;ref lector  in winter. " 

G / I  

I 7 

e P f: 

- archi tectural  components which converts  solar energy into a* 
energy (heat)  without mechanical power. Current  passive 
nclude fans, however. 

1 
n investment. 

d when a mater ia l  changes from a solid to a liquid or 'from a liquid' 
e change requiripg absorption of energy with no t empera tu re  
mater ia l  changes from a j g a s  to a liquid or a liquid to a solid, each  
g a loss of energy with no t empera tu re  change. - I 

I 

of using solar energy 
t ia l  energy. 

convert  simple .molecules into -corn 
Carbon dioxide and water  a r e  combined, in 

hlorophyll, into carbohydrates-such as sugars, starches, '  oi 
and cellulose. 

- ,  
b r 

+ 
solar energy di into .electricity.  Sunlight striking 

The cer ta in  mater ia ls  ';(silicon is most common) 'causes t h e  release !of electrons. 
migration of thek t  released electrons4 produces an electr ical  current .  The conversi 

photovoltaic effect . 
ork' is performed. I t  is a s w e d  as units of energy per unit  o 
alories per second, w a t t s  (joules per second), or horsepower (foot 

I 

t ime,  for  exam 
pounds per secon 1 

1 

umped s torage 
cess electr ic i ty  produce :during periods of low- d e  
servoir. When demand i's'high, t h e  wa te r  is released to ope ra t e  a 
or. Pumped energy s torage only returns, about  -66% of t h e  
nto i t ,  but costs ' less t h a n t h e  cost of constructing t h e  equivalent 

. .  
h .  

' , -  

I - -  
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py ranom e ter 
a n  in s t rumen t  for measuring t h e  in tens i ty  
of both d i r e c t  and d i f fuse  so la r  radiat ion.  

- _  
I 

a n  in s t rumen t  t h a t  m e a s u r e s  t h e  : intensity 
of t h e  d i r e c t  ra.diation f r o m  t h e  sun; t h e  
d i f fuse  componen t  is no t  measured.  

r 
radia t ion  
t h e  method by which h e a t  is t r a n s f e r r e d  through open space.  About  60% of t h e  h e a t  
t r ans fe r r ed  to EL room f r o m  a wood s tove  is by radiat ion.  Sunlight t r ave l s  to us  by 
rad ia t ion  through space  at "the speed  of light", 299,728 k i lome te r s  per  second. 

r a t e d  o u t p u t  
t h e  max imum o u t p u t  g e n e r a t e d  by a wind machine.  

r a t e d  wind speeci 1 

t h e  speed  at which a wind mach ine  produces  its maximum output .  

renewable  resou= 
m a t e r i a l s  t h a t  a r e  recyc led  by n a t u r a l  p rocesses  within a re la t ive ly  br ief  span of t i m e  
(a human li-fetime). Fresh wa te r ,  wind, sunshine,  and t r e e s  a r e  s o m e  e x a m p l e s  of 
r e sources  t h a t  r ep lace  or r ecyc le  t h e m s e l v e s  within human t i m e  f rames .  

r e t r o f i t  
to modify an  ex is t ing  building by adding a so lar  hea t ing  or cool ing s y s t e m  or insulat ion 
,to improve  i t s  energy  ef f ic iency .  

r o t o r  
a r o t a t i n g  blade o r  o t h e r  s u r f a c e  moved by t h e  wind. 

R-value 
t h e  r e s i s t ance  to h e a t  f low,  r ec ip roca l  of U-value. The  higher t h e  R-value, t h e  
g r e a t e r  t h e  insulat ing e f f i c i ency  of t h e  ma te r i a l .  R-values a r e  commonly  s t a t e d  p e r  
inch of building mater ia l .  R-values a r e  addi t ive- thicker  m a t e r i a l  o r  a combina t ion  of 
ma te r i a l s  m e a n s  increased  r e s i s t ance  to h e a t  flow. Some typ ica l  R-values per  inch of 
m a t e r i a l  a r e  6.25 for  po lyure thane  foam,  3.17 for  f iberg lass  b a t t s ,  1.25 for  f i r  and  pine 
wood, 0.18 for  p l a s t e r ,  and  0.08 fo r  conc re t e .  

,-. 
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select ive surface 
a special  coat ing SOI 
select ive sur face  ab: 
of it. 

sensible hea t  . . 
hea t  which, when gai 

shroud 
a s t ruc ture  used to c 

solar access or solar 
t h e  right to receive 
access is a legal issuc 

solar ce l l  
see photovoltaic cel l  

solar cons tan t  
t he  average  amount  
1,350 wa t t s  per squai 

solar energy 
thTFlec t romagne t i c  
10 kilowatt-hours 

solar furnace 
a device using ,mirroi 
point or "hot spot?'.' 
degrees  Celsius; t he  

solar greenhouse 
a sunspace containinl 

solar pond 
a .shallow pond of dc 

. and fresh water  on t c  
'even when heated by 
a heat  exchanger to 
of a turbine to proc 
Southern California I 
Valley. Some home 
con junction with hea 

s t ag  nation 
a high tempera ture  c 
no fluid is flowing 
Fahrenhei t  to 400 dc 
Any condition under 

Stirling engine 
a n  external  combusl 
a l te rna te ly  heated a 
nonpolluting and mor 

s torage  
t h e  device or mediun 

8 )I i h 
ietimes applied to the  absofber plate  -of a solar-col lector .  The 

s most  of t h e  incoming solar energy and re rad  ates very l i t t l e  - 

' i t  
' I t  

a i  

I I  or lost, results in a change in temperature .  
P 

ncent ra te  or def lec t  t he  wind: , 
d 4 
4 .  

. ' Q "  

irect +sunlight without interference.  The protection of solar 
. I  

9 '  
4 .  

- ~ 1 ' .  

I 

, I  1 

solar radiation reaching, the  ear th 's  a tmosp  I _ . -  
e ter -or  429 Btu per squarf foot per hour. 

s -  

a t ion emi t ted  by the  
lar radiation per day. 

The e a r t h  rece i  

1 

f lectors  or lenses to pr very high tempera tures  at a foca l  
Small backyard furnaces  genera te  tempera tures  as high as- 1,100- 
' '  est solar furnace in the  world reaches 3,100 degrees  

i 

I. 

1 rmal  mass and used t I 

7 >  

" -  
j( 
I b  

ra te ly  layered water ,  c o F e n t r a t e d  sa l t  water  on the  bot tom 
>:, used to collect solar heat: The dense salt water  resists rising, 
the sun. When it gets hot  (about 80' C), i t  is pumped into coils of I 

aporize a volati le liquid that  'in turn,  is directed against  blades 
Ice e lec t r ic  current.  Israe/i has: an  ac t ive  solar pond program. 
3ison'plans a demonstration j!acility at t h e  Sa l toq  Sea in Imperial  
builders a r e  a lso using-solar. s a l t  ponds for energy s torage  in 

u: 

for  year-round space at ing and cooling. ! 

I- 

dition occurring in. a solar l lec tor when the  n is shining and 
through t h e  collecto;; t ra tures  range f rom 250 degrees  . 

yees Fahrenheit  (120 - 2 C), depending on collector design. 
h a col lector  is losing as ,much hea t  as it gains. 

engine in which a i r  
oled to drive t h e  piston< up and down. 

icient than the  interna 

i -  

E 

I 

drpgen in the  newer versions) is 
I t  is claimed to b e  

mbustion engine. 
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sunspace 
a living space enclosed by glazing; a 'sunroom or greenhouse. 

i 

sun tempering 
technique for taking advantage of solar radiation for winter heating but  controlling 
solar gain for summer cooling; does not assume distribution or storage. 

temperature  
a measure of the energy of motion of t h e  atoms and molecules of a substance. 
Thermometers and thermistors a r e  used to measure an object 's temperature.  Temper- 
a t u r e  is not t h e  s ame  as heat. The ' t ip  of a burning match has a high temperature ,  but  
t h e  object as a whole might contain very l i t t le  hea t  due t o  i t s  size. 

t he rm 
a unit used in heating calculations, "equal to 100,000 Btu, the  energy of approximately 
100 cubic feet of natural  gas. 

thermal  mass 
mass used to s tore  hea t  energy, usually collected solar energy. Insulated rock bins, 
sand beds, and containers filled 'with water  or e u t e c t i c  sa l t s  have been used 
successfully as thermal  masses. 

t he rma l  pollution 
degradation of water  quali ty by the  introduction of a heated effluent. Primarily a 
result  of t h e  discharge of cooling waters  f rom industrial processes, particularly f rom 
electr ical  power generation. 

thermal  s torage 
a system which uses brick, rocks, concrete ,  water  walls, sa l t  ponds, e u t e c t i c  salts ,  or 
other  materials t o  s tore  heat energy. Thermal s torage is especially desirable for  
solar-heated home:;. 

thermosiphoning 
hea t  transfer in a fluid (air, liquid) by means of currents  resulting from t h e  natural  fa l l  
of heavier, cooler € h i d  and rise of lighter, warmer fluid. 

t he rmos ta t  
a temperature-sensit ive device which turns  heating and cooling equipment on and off 

I 

at set temperatures.  

t racking 
for a solar collector,  the  process whereby t h e  panel follows t h e  sun. 

I 

transfer medium 
t h e  fluid t h a t  carr ies  hea t  f rom t h e  solar collector to s torage or f rom s torage  to t h e  
living areas. 

Trombe wall 
masonry, typically 8 to 16 inches thick, blackened and exposed to t h e  sun behind 
glazing; a passive solar heating system in which a masonry wall collects, stores, and 
distributes hea t  . I 

, 
turbine H 

a motor, the  shaf t  of which is rotated by a s t r eam of water,  s team, air ,  or other  fluid 
from a nozzle. The fluid is forced against  t h e  blades of a wheel. 
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