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In the past yesr Americans have become increasingly aware of the meaning
of one word, and the lock of it,---cnergy, With the realization that our fos-
s5il fuels suvwplies are dwindling and the estimation that world enercy con-
swrmtion will double in this decade, come urgent calls for the ex~loitation
of new energy cources, However, envirommentaliste ere afraid that in the
surge to develop these new resources, the price tag is beins left off, (seefig, 1)
Many of the major envitronmental battles now beins foucht concern cnergy:
the strip mining of the vast coal deposits of the West, wvhile deen-miners in
Ammalachia live in poverty; the step-up of nuclear power plont construction,
with the ever-present and unsolved waste disposal problem; the ndditional
pirelines »roncsed to cross the Alaskan wilderness; offshore drilling; il
shal€.eee
Many are beginnine to question the Faustian arrang-ment of our high-
er technology--vhether it is worth the derradation of our lond and water
and 2ir in return for electricity at the touch of a button or a irip from
New York to Los Angeles in less than three hours. Accordinz to Alvin M,
“ineberg, Director of the Oak Ridse Nationsl Laboratory, = have littlo
choice: "Nuclesar breedors will probably be the long term energy source,
and men, if he is to survive in anything like his present mumbers, will
hove to adjust his social institutions to the requirerents imposed by this
technology."59
But Robin Clark, former consultant to UNTSCO in Paris and former editor
of Science Journdl, definess a different technology--the “soft technology™
as one vhich does ns 1little harm as nossible to the environment.9
Rescarch centers in Nomandy -nd VWales are beinz set up to shbudy aspects

of the "soft technologr," includin~ oreeanie farmin~ of crern=, racycling



of seware snd animal wastes back te the land, and powsr from woodlots,
streams, wind and solsar energy.9
Snch canters are also sorincing up 20ross the United States: TIn
Santa Barbzre, Colifornia, children rvn their hands vnder w2ter hrated by
2 oimmle eolar waoter bester ond watch 2 small methane diszestor turn liquid
NP . ho
~Pickon marure inbo 2 comtmehibhle fuel; at the Thiversity ~f Minnesota
. 3 . \ - L}
“rebitoctural and enginsering students worlk togethenon "Project (uroboros,"
ot . .o
a closed cycle house nmaped after the mythicol drasem whe ate hic +tail;
i in Massachusett~ at the Tlew Alchemy Institnte, exmarimenters "construct
goodosile domes in their back yards which aet 25 hot hources for *th~ breeding
of protein-rich Tilapia fish in water seeded 1-ith algre and greec- ¢lipnings
contained in a child's wading pool,."2
On th: lighter side, far from the complexities of nmuclear energy, "soft
tachnalocy" sugeestions for energsy conservation include combining heatino
. . . . . 5
with cookine, sharing community baths, and donning more clothes,
The purpose of this paper is to prorose that a2 "soft techneolo-y" research
center be set un at Ball State University, not to invectigabe cormunal bath-
ne, butto investigate solar -nd methane encrgy sources. Such a conter will
not only provide an oprortunity forimportant research in alternative cnergy
sources, bubt will also provide an onportunity for students from different
deprritments to discover =scologically sound lifestyles, In addition it
-111 provide the halance of acadomics and experience emmhasized by Thoreau:
which would have advanced the mostat the -nd of
the month,-~the boy vho had made his own jack-
‘mife from ths ore which he had dug »nd smelted,
re~dine as much as would be necessary for this,
-~or the boy who attended the lectures on metal-
lurgy at the Institute in the mean vhilzs, ~nd .

” <}
bad received a Roger's penknife from his 'Lather?’1

Hopzfully, the students particivatins in this nroject will ~ain the quality
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of education acheived by Thoreau's "“jacklnife-maker. ¥
The site for the nrovoced research center is the Donald Miller Outdoor
Area, also known as 16 Acres, or simply as Wildlife Preserve, which is
located two miles west and a little south of the Ball State campus.
Maneged by the BSU Biology Department sinece its purchase in 19€l, the
16,12 acre area provides a variety of habitats for study and collection
purposes.8

The area lies on the former flood pla2in of the White River and is
bordered on the scuthwest by the 0ld river bed which was cut off as an
oxbow when the Army Corps chamnelized the river in the 1930's. This
"slough® provides habitat for a variety ~f aquatic vlant and aninmal life,
including waler birds. Most of the area is wooded and undergoing suc-
cession to a beech-maple climax, Sycamore, cottonwoocd and buckeye are the
indicator snecics and preat variety of herbhaceous nlants occur in the under-
story. Sewveral wildlife plantings have been made, including  smooth sunac,
mulberry, honeysuckle, nawpav, winter berry, r=d pine, white pine, and
Jack oine.8

In 1948 2.2 acres were fenced for a Pittman-Robertson Project, a
cooperative restoration progrem with state and local i-rut. Additicnal
wildlife »lantings were made which inclnded Korean and bi-color lespedeza,
multiflora rore, bittersweet, wild grane; walnut, coral berry, and Russian
olive,8 Sorgham, sunflower, bhuclwheat, and safflower vere also »nlanted.

Presently, two student families are living in the area in their om
house trailers to maintain ond protect the arca frem vandalism. The wniver-
sity has nrovided a deen well, sentic systerm and elecliricity for thece
students.

16 Acres iz alrsady a rultipurpose area--throe firoplacee and eight

nicnic tobles and a shelter building nrovide reerzational notential, while



students from ornitheolegy, forecstiry, taxonory, entomolory, field methods,
outdorr recr-ation and other clas-~e use the area for study rurposes. The
idea of interdisciplinary coopzration is also not new for this area: In
the snring of 1951, an industrial ~rts class planned and constructed the
shelter house in the area to be used for recreation.g

However, the full vpotentiasl of this area is not being taken advantage
of--it is rarely used for recreation and classes visit the aresa on an average
of cnece or twice a month, The research center would greatly increase the
use of the area, but would not infringe on the wooded area or interfere
with the use the area now enjoys. The nrecence of such a center would also
encourage visits from elementary and high school students, giving them an

1

early insight inteo some of the alternative energy sources they might depend
on in the future.
The basic outline of the proposal follows:

1) The trailers wvould be removed and replaced with a structure de-

cirmead by Ball State architectural

5]

tndents, The s*tructure, utilizing solar
heat and methane geos, derived from organic wastes, would house six students
and also serve as a2 miniatnre class -hom/laboratory with an attached green-
house.

2} The clearing would be nartly ubilized for 2 zarden and coldfrarmes,
to provide the residents with feod, and to crmnore "orgenie” and conven-
tionzl gardening techn’oucs., Also, nart of the clearing would be occupiled
by a demonstrator solar water heater and methane digestor, commost niles,
and other arojects conducted by the studsnts. Oprnortunities for recreation
would still exist, but on a smaller scale.

3) Industrisl arts students would redessign the shelter house to include
a chicken pen. The chickens would provide egrs and meat for the students

as well as providing "fuel" f~r the digestors.
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1Y fdditional wildlife nlantings could be made by various nlant and
animal ecologv clasnas, includin~ scme fruit treess planted in the clear-
ing for food.

5) An environmental ‘mnact statement should be written by natural
resource students and blology students to determine the effect such a pro-
nosal would have on the existing ecology, and to determine how many stu-
dents the area could sumnort witheout interfering with the nature of the
arez,

6) The biology denartment and administration will work together to
decide what students will be accopted to 1ive in the area and how ruch
credit ther” will receive, A faculty nanel selecting stndents from a sign-
un shz2et might he one method, Students would particinate in the project
for at least two consecutive aquarters.

7) Fundinz for this proposal could come from a corhination of re-
cearch srante, tuition, dopartmental irmmut, or ctudent fees.

The following flow chart and the maps (fig.<2vand fiz. 3 in the ap-

nendix) should heln tn exnlain this nronosal,
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This raper will ex»lore some ideas, examnles, and guidelines for four
areas concerning the research center: the structure, the use of solar

energy, the clearing, and methane generation.

The structure

Arcund 10O B.C. Xenophon, Greek historian, noted that "we should build
the south side of (honses) loftier to get the winter sun, and the north side
lower to keep out the cold winds."10 It should be obvious that large over-
hangs in scuth-facing windows sncourage the venetration of sunlizht into
houses in the winter when the sun is low in the skv, while shading the win-

. . . 0
dows in the summer when the sun is more directly overhead.1

However. because
energy has been abundant and chean, the majority of today's architects and
developers still ignore basic conservation nractices known hundreds of years
ago., |

A classic example of the waste of energy in buildings is the glass
skyscraper: the New %World Trade Building in New York uses 80,000 kilowatts
of electricity pecr day, more than the city of Schnectady, N.Y., population

100,000, 2

Other commen desipgn flaws that result in additional encrgy con-
sumotion include irmrorer siting, noor insulation, and the dedffuction of
natural heat shields such as trees,3?

Some heat loss can be corrected by proner insulation, double windows,
(see fig. ¥) rcduction of heat leakage around windows and docrs, and draw-
ing curtains 2t night and window shadzs in the sumer. Other factors ave
cclor selection, building orientaticn, roof overhangs, and material se-
lection.?! Tt shruld be noted that a local corporabtion manufactures insu-
lation from recycled newspaners vhich is 30% more efficient than an equal
amount of fiberglass.26

Another effective insulation was used “n a house designed by Stephen

J

Nearhoof, a2 Penn State University architectural student--the roof and walls
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are sandwiches of aluninun vanels filled with foam, said to have an insula-
tion facter 7x that in conventional homes.23 Insulated glass is also avail-
able; and closing interior shutters over the windows at night can nrotect
against hezt losc.

Venilation ducts can be lceated to take advantage of airflow in the
summer and barred acairst heat loss in the winter.s Additional suggestions
include exclnding doors or windows on the west to shield against cold winds,
nrutting the entrance on the sheltered east end of the building, and using
small, well-sealed windows on tho north.s

According 4o William Kinst, professor of architecture at Ball State,

nutting all or part of buildings wndergr-und is an irrortant enersy saving

nossibility: "The ground is a good insulator and much of the wind chill
factor can be eliminated in this way.”61 "Project Curoborcus' at the
University of Minnesota features a snd roof for insulation Durposes.11
(Tt seams architacts have begun to take notss from the nrairie-dwellers.)

In 1lin> with the ~nergy conservation ethic, the Hearhoof house als
features a sewage and gerbage disposal system vhose trade name is the
Multrum Converter.23 All toilet ond organic kitchen wastes pass down nlas-
tic chutes inte n fiberglass container located in the core of the house,
Decomnosition occurs and the residve is a dry humes that can be used as a
fertilizer. No odors cscape the centainer and the system elirinates a major
household use of water--toilet flushing.23 The house also has its own
water treatment facility: water from the bathtub, sinks, washing machines,
etc. undergoes flocculation, nrecipitation, and chemical treatment in another

. . - 23

systen in the core., TFresh water is furnished by a well,

The Wilscn house, being desigred for Ms, A, N, Wilson of the Devartment

of the Interior, by P. Richard Rittleman of Burt, Hill, and Asscciates, has

a similar aserobic disposal system cnlled a Yelivus." This home also has a



unimie venilating avstom--the air intake is located at the bottom of the
attached sreenhouse so that incoming air is filtered and freshened by the
plants before it is circulated through the house.hé

In addition to incorporating energv conservation in design, the struct-
ure should be deq1aned to meet the needs of the students, Personal living
quarters should be sevarated from group activities, allowing for privacy.
51iding panels mav be used for medification of the living snace. Natural
lighting should be emnhasized with direct lighting availsble in the study
area and work areas, =uch as kitchen countors.zn

The kitchen, utilizing the store=mix—sink-=range-dserve sequencs:
should be large enough for demonstrations. (Perhaps a home-ec class will
particirate in verstable canning.) Ample shelf and storage space shovld
be availakle. Of course, the available materials and budret will influence

the architectvral students in designing the strocture, 20

The use of solar energy

Solar energy is not only an income enercy that is and will be avail-

able within the country for billicns of years to come, it is also the only
form available in adequate supnly that can be used without chemical or
thermal pcliution. 60 .. Burnet, co-recinient of the 17060 Nobal Prize in
medicine, is in full supnort of develoning this rescurce which meets the
requirements of the "soft technolosy':

There is only cne ultinate socurce of nower
available for 2 continuing civilizntion that
Jasts beyond a2 few thousand years . . . . This
is solar energy. At nrecent we are living on
fossil solar energy encorporated in coal, <il.
and natural zas. Cosmically speaking, it will
last only for a moment, rerhans another thous-

]

and yeoro or two, but no more, "
The growing interest in this energy sonrce is reflected by the National

Science Foundation's budget: ! — 1972-—==30



1973-=-=33,.8 million
197h===-312,2 million

And, according té J. Eggers, Jr. of the NSF, '"The nation's goals in solar
energy use by the next century are tc provide 35% of the energy nceded for
building heating and conling and to supnly the enerzy equivalent of 30% of
the nation's gas fuel, 17% or the nation's liquid fuel and 20% of the nat-
ions's electric energ;y’.3

However, it has becn estimated that it will be 30-50 years before utili-
zation of solar cnergy can make a significant impact on the nation 's energy
housshold.®? Reasons given for this delay are technical and economic feasi-
bility, marketing rcoadiness, and constructicn rates.

Water heating and space heating are close to being economical at the
present time: A cost analysis of solar heating done by George L8f, orofessor
of civil engineering at Colerado State University, and Richard A, Tybout,
professor of eccnomics at Ohio State University, showed solar heating to be
cheaper than electricity, and becoming competitive with oil and natural ga5.32
Costs of fecseil fuels will continue to rise as scurces are depleted and will
eventually becorme the more expensive of the two.h3 Hot water heaters are
available in Florida where they nrovide sun-heat-d water at lower costs than
electric ores, and at not more than +twice the cost of notural gasz in 1970.60
With the rccent increase in gas nrices, they are even nmore commetitive.

Nearly two dozen buildings utilizing solar ~=ni2rgy are overating in this

Rael
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country today. Four solar houses, all built by Harry 5. Thomason, patent
attorney, zre operating in Washington D.C,, latitude 399 N, Although an
averare of half the winter days in Washineten D.C. are cloudy, and the 1960-
61 winter there was the coldest in 12 wesrs, Thomason's oil bill for auxil-
iary heat was only $6.30.10

According to Daniels, the size of the house and the climate are two

importznt factors in determining the heat load: '"fithin broad limits, the
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heoat required is Aivectly r~ronortionsd o the nres of the house and the num-

n

ber of desrse days in the hesting sens-n; and it denends on th~ ‘asulation

nd airtightnzss of the house, !

—=a

Vo P1lening chort, develonad feom Ball State “enther “tation data,

R
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Arthur D, Tittle, Tne., «leneer researchers in solar ~nergy define the

16

follmring tarmg 22 important in solar climate contrel:
1) % zolar collector--a surface or comnasite rurface vhich by virtue

of its gecratry or suriace nronertias chsorbe selar encrey and transfers

thic enerar to a heat transfer fluld which circuvlates through th: collec*or.

(Flat »lote collectors ore adequ~te for the tormeratures requiraed for space

ng, "nd the more expensive sun-tracking focusers are not

2) A hect shorase system—-material thich has 2 high specific heat or
experiences a chamge of nhose and which srcesnts eecllected solar hinat when
available =nd »3llowc it %o be withdrawm when neadod.

2)Y L source of avyilisry enercre<Fiel or electricity to provide heat

o



during extended clondy neriods,

) A heat-actuated air conditioning unit--a unit that can be driven
by collected solar heat.

5) Awxdiliary equipment--the necessary piping, controls, heat exchang-
ers, heat transfer fluid, valves, nurns, motors, etc. used to couple all the
elements into an operating system.

6) Cn site power generation--the use of solar cells incorporated into
a solar collector to convert solar energy directly to electricity.

Collectors

Typically, the solar collector consists of an absorber (either black-

ened or selectively black to solar energy) covered by one or more trans-

16 The major »rinciple of the collector is the greenhouse

parent panes.
effect: The glass is transparent to the incoming sunlight but absorbs
the longer infrared radiation emitted by the hot metal and raflects much of
it back onto the metal,h7 Thus, the collector traps the sun's heat, and air
or water nassing through the collector carries the heat to special equipment
designed to heat or cool the building,h8

The ratio of the intensity of solar radiation on a horizontal surface
at right angles to the sun is equal to the cosine of the angle of the sun's
rays with the horizontal surface, 12 Tilting the solar receiving surfaces
from the horizontal »ositisn to be more nearly at right angles to the sun is
a considerable improvement. An angle of the degree of latitude plus 23°
will favor the winter solstice, while less of an addition to the degree of
latitude will favor the center of the cold season. A good guideline to fol-
low is latitude plus 150.5 An NSF/NASA solar energy »anel estimates that
an average of L10 thermal watt hours/ft? is the daily energy suonly, twice

the amount nerded to heat and cool an average house,

Several collectors have been designed: FErich Farbsr, Director of the
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Solar Energy and Energy Conversion laboratory =% the University of Florida,
describes the most efficient collector nlate: two thin flat coovner plates,
fastenad tormether at the edees with a 1/L inch (0.635 cm) water space in
between, Plates ave ccvered with glass and backed with diyrafosm insulation,
Although this is probably the mcst efficient solar collector, the price of
copper rakes this design impractica1.1h In reference to hcouse shape, the
MIT type "A" design has been regarded the most favorable costwise because
of the heat load/floor spmace rotic.® (see fig. )

The first house Thomascn built, which has been operating 13 yesrs,
features 2 800 sa. ft, (7.3 =a. meters) solar heat collector of black cor-
rugated mesal which covers the entire south {southwest) side of the house.
(see—#irs5) Uater, the transfer fluid, is pwrped from a cterase tank in the
basement to the top of the collector where it is distributed in amall
strezms to the hundrede of valleys in the corrugated sheat,”?  The sun's
encrgy warms the water as it runs dowm the schest., It is then collerted by
a2 gutter and nassed it~ the baserent storags bin.

Thomason rotes that even on cloudy days the collector becomes warm
enough to assist in heating the house or to roduce overall heat loss=s from
the hf_use.;3 Mso, vhen the sun is fairly low in the sky on °n unusually
wern sorving or f2l1l day, windows must be opened in the house because of
maximum hnat build-up in the collector.

The recond Thomason house has a smaller solar heat colleontor--560 sq,
ft. (52,01 m2)-- and an alurinun roofing reflector at the basc of the col-
lcctor.53 (see fip.6) This reflector increased solar imput and hest col-
lection by 159, although reflectivity was diminished in 10 —ears from 70%
to 309, due to waathering.53 A new coat of alwrinum »Haint was apnlied but
oulckly dulled. Thomason found that laying the glass nanec in a chamnel on

the alwiinun freme resulied in less glass broskags because the glass was
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allowed to expand and contract, He also found that Mylar plastic deterior-
ated within three years and that aluminum supnorts required less maintenance
than redwood ones.53

A third house designed by Thomason has the heat collector entirely on
the roof which gives the living room and swirming pool on the south side of
the house the advantage of the winter sun. (see fig.?*f)He is experimenting
with asphalt shingles t» serve as collectors, which have the advantage of
low cost. Insufficient data is available on this design.SB

Georse Lof's house near Denver, Colorado has been operating with solar
heat for over 15 years. In this house 2ir is used as the transfer fluid and
the heat is stored in crushed rock. The collectors differ from Thomason's
design. The two collectors on the roof face sowth at an angle of L5° with
the horizontal and are surrounded by a four foot (1.22m) parapet wall. They
are 50 ft. (15.25 m) long, six ft. (1.83 m) high and each consists of ten
"cold panels? and ten "hot vanels? Jocated alternately.32 Cold =2ir entering
the '"cold ~anels" from the house or storage unit is —artially heated and then
transferred to the '"hot nanels” by cross connecting ducts. The "hot panels™
further heat the air ond it iz then delivered to the houss »r storage unit
through the hot air nanifold and duct svestem. (see fig. 9) The collecting
nonels are made of overlapping glass with a black nlate and backed with glass
wool insulation, "

A unicve form of soler climate control for use mainly in the Southwest
1711l be described briefly. The house designed by Harold R. Hay -nd John
I. Yellot fezatures a uater-covered roof nrotected by novable incilation. In

.

the surmer vhen the nights are cool, the insulation is remcved 2llowing the
water to cocel, This cooled water can be used the next day to cool the house.

In the winter the system functions in reverse: The water is exposed to solar

heating during the day and insulated at ni~ht,'®  (see fig.re)
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During =uch of the snring and fall, no movoment of the insulation is
necescarv. According to Yellot, the ccoling effect of water which is sub-
jected to both nocturnal radiation and eveporation must not be underestimated.62
The first full scale '"Skytherm'" residence is now in operation at Atascerade,

62

California, as a joint »recject of Hay and HUD,
Thomason cites two disadv;ntages with the Hay/Yellot design. First,
heat is lost through the insnlation at night; and s=cond, the low intensity
of the sun in the winter. In winter the rays fall on the pond at a low
]

angle, 3592 to 1,50 and soread out over the entire surface, Thomason su~gests
> 3

that a reflector adjacent to the north end of the nond would reduce its

)]

ize;
however, a cost studr is not available.Sq The tarnishing of such a verticle
reflector is negligible and it =1so serves as a windbreak,

Thomason has designed two times of houses utilizine roof ponds and
reflectors, showm br fig I and fig. 1. For Decenber-Januasry the reflector
needs to be 60% as high as the pond is wide; and for February-March, the
reflector should be as high as the pond is wide.gz

Research is now being done on snecial surfaces which emit very little

. . . £
of the solzr radiation they absorb, crsating o “suoer-greenhouse effect."-~
The results should have significant impact on collector design. Such sur-
faces, now uzed in space craft, rely on opbical interference between two
reflective layers separated by a transparent layer of the corresct thickness.

Cne tyve of surface being develonsd by B, Seranhin ot Arizona is com-
nosed of gilicon cr similar materials that have naturally solective nrover-
ties.&7 Tayers of =ilicon and non-reflecting materisle sre Joid down in a
hirhly reflective substrate by chemical vapor denosition., The silicon
absorbs the light but tranemits infrared radistion sc that the commosite

o . . I3
surface has a high reflectance, ~nd thus a low emittence of the infrarad.®’

@

an “lellecley-¥iller and Dry Chaohroudi at IV »r2 ressarching a »lastic
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that turns cro~ue in cortoin tewmerature ranens, Therefore, in winter,
"the nlastic surface would remain transnarent only when the cun was shining
and would become nnague at other times o reduce *the loss of neat, 10
The process would be reversed in the surmer.

Storage
On sunny days in winter, solar =ain provides an important heat immut:
St. George's Secondary Schaol in Theshirs, Urgland, built in 1261, has =
solar wall which consists of south-facing double windows with one-foot

ho

air snaces tetween the two pancs of glass. The building does not use
any conventional heating system, but depends on heat from the solar wall,
tungsten lights, and bedy hest from the studenbs to keer it warm. The
windows can be opened if the building becomes too warm and cecol air is

circulated by a larse venilator. However, it has been not~-d that =2von
when double-glazed, suck a wall has noor insulating nror rties: "The
Wallasey sclar wall on average loses more heat in winter by fabrie conduc-
tion than it gains by short wave transmission, 158

Depending on solar imput throuch glazs by itself is not enough; a
storagze system tn nrovide hent wvhen the sun is not shining is necessary.,
Fnercy can be stored in the econventional mamner as potential energy (purped
water, ete,! or as heat ‘n hot water storage tanks or rock bins, and as
chemical energy utilizirg the latent heat of fasion. ¥ Presently, water
and stone storace have been the most common thermal storage materials:
however, the eutectic salts, a term annlied tn the mixture »of two or
more svbstances which has the lowest melting point,22 may store heat
nore comnactly.jg
The following chart comparss heat storage media, It is assumed that

the water and nebblrs undergo a 20° ¢ (269 F) terperature rise (data for

operation near room temperature.)
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cal g='  Keal  BTU  BTU
temperature degree-! liter-1 1b-1  ft=2

Water 200 C (360 F) 1 20 36 2,2L0
range
Pebble bed 200 ¢ (360 F) 8.0 86k
(Rocks with range
1/3 voids)
NapS0),.10 HpO 21,30 ¢ (900 F) 8.5 10k 9,568

COMPARISON OF HZAT STORAGY SYSTIMS!2

Water has about the highest heat canacity ner kilogram or per liter
and is inexpensive in itself, but requires costly holding tanks. The heat
capacity of rock is less than water, but the density of rock is greater.
The eutectic salts show promise of commact storage, but are subject to
supercooling which does not allow the heat-releasing crystallization to
occur, 1<

The Thomason houses use a combination of stone and water for heat
storage. 1In the first house the water warmed by the sun is collected by
a gutter and passes to 2 275-gallon domestic water nre-heater tank and then
to the main tank in the heat storage bin. The storage bin consists of a
1600 gallon steel tank surrounded by "three truckloads of fist-sized stones,"
(50 tons). °3>% Heat from the tank warms the surroundins stones and the
warmer 2ir is cireulated around the stones and tank by a 1/l h.p. auto-
matic blower. &L thermistor is located in the water tank with a companion

thermistor in the solar collector. When the temperature in the collector

=

rises above the tank temperature, the circulating pump autometically
switches on. This storage system kept the house at 70° F £ 2 @L10 C £/i0)
for four c-nsecutive cloudy days in rmid-December,53

Another heat storage system designed by Thomason hss a storage tank
of conerete blocks rather than a steel tank, Although the tank was water-

proofed and blaclk asphaolt apnlied inside, Thomason noted some leakage, and
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suggests reinforeing wire mesh and mortar be nsed. The water tank of con-
crete is less expensive to build and is net subject to rust.53

Insufficient data is available on Thomason's pancake water storage
systen. The basic idez of this type of storapge is shown by fig. 13, The
advantage of the pancake storage is its low cost.

In "Sclar One," thz experimental house built by the Institute of Fnergy
Conservaticn at the University of Delaware, air blown along the undersid-
of the solar collectors picks un heat and carries it to a 216 cu. ft. (6. 05
n3) tank of slat for storage.éo According to Dr, Maria Telkes, ''the salt
hydrates melt at 1200 F ( 45 7‘5) absorbing large amounts of heat from the
air. %When the house cools, the air circulates through the tubing and extracts
heat from the salts."3” An auxilliary heat pump can be turned on to
boost the temnerature of the molten salt reservoir. sxternal power is also
available.1®

The szlt used for winter is soadium thiosulfate, while the mixture for
suwrrer consists of sodium chleoride, éodium sulfate, ammonia chloride, and
borax.s9 It has been noted that many salts are waste industrizl by»roducts. ?v

Muxiliary energy

This proncsal c2lls fer a structure vhich will be hoated and cooled
by solar enorgy; however, an auxiliary heating system will be necessary.

It is more economical to provide guxiliary energy for long periods of bad
weather than to design a solar system which would handle the entire load
and be used only a few dars a year at maximum capacity.?g

Because of the low elevation and »rotective perimeter of trces at 16
Acros, wind nower was not investigated. The fuel generated by the methane
digestor will be used rrimarily for demonstration —~urrocses and for sppli-
ancas. (411 anpliances which operate on butane can onerate on —othane with

the aid of a cgmnressor.)zh Therefore, since electricity is alrcady avail-
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able to tha area it seems wise to let it

in

erve 2s the auxiliary energy
gource until anothor sovrec is available,
Aaxiliary squipment

Thomason lists the following equivment used in his first house which
has water as the transfer medium: steel tank, stones, concrete block air
dictributor at the bottom of the bin, domestic woter pre-heater, fiberglass
insulatior, »lurbing pipes and nolyethylene fittings, blover, auxiliary
heating furnace, a conper solar heat distributor pire, galvanized steel
collector rutter, circulating puwm and thermostats.53

According to Daniels, woter transfers heat nore effectively and uses
small »nipes, but a watertight system is reaquired with motors and pumps.
Freezing water can severely damage the water heatinc svstem. Alr heating
systems require larger pipes for circulation, but simpler motor-driven fans;
and using air as the transfer medium is cheapef.12 Air systems seem to have
the advantage.

Cooling

Since the solar air conditioner tends to operate more efficiently when
the sun is the hottest, widespread use of solar air ccnditioners would
reduce the »neak load re~uirements faced by the utilities on hot daye.

In Thomason's first house, water is pumped to the north-sloping roof
during swrmer nights and cooled. A reverse acting thermostat turns the
blower on to cirenlate the cooler air. Thomason notes that this systenm
did not onmarnte effectively on hot, humid nights when it was cloudy and
*,qindlf-:-ss.«g3 Two imnrovements in the cooling design were made in later
houses by Thomason. First, a larse coil of copper tubing was irmersed in
the steel tank to serve as a refricerator evanorator of Freon 12, 1&%-h.p.

compressor was used to chill the stones at night,
2
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A second improvement vas needed because the tank of water did not get
""" cold enough to condznse the moisture ont of the air, Thomason used a 3
h.n. comprescor (2 h.p. adequate) to refrigerate a cooling coil ahead of
the storase bin. The comnressor onerates between 7 a.m. and 12 nocn.
During heat vaves, the chilled dry s*ones absorb the excess heat and humid-
ity ~f the afterncon.”3
In "Sclar One," the euvtcctic salt mixture is replaced with one vhich
froezas ot 50° F (/2°C ), thus reversine the cyele for the stmmer. 12
In acddition to the advantages of reduction in neak loads, other
advantages of solar air conditioning are: 1) The unit is in essence a
"bonus' since the same ecuinment used to heat the house is used to cool it.
2) The 3/l hyp. comressor rimms about twe *+imes as much heat ner hour to

cool night as it would durins the day; and therefors, uses sbout 1/2 as

L

~
b

much electricity per BTU of heat owmmed out is used.,

Another aspect of sclar cooling is refrigeration. fHrich Farber of the
University of Florida describes a solar refrigerator: Heat from the sun
is used to drive ammonia from an ammonia-woier solution. The ammonia s
collected and when cocling is needed, the limuid ammonia is allowed to
evanrrate and expand as in a conventional refrigerator. The spent vapor
is reabsorbed in the water.'

Solar Cells

Silicon, gallium arsenide, cadmium telleride, and cadmium sulfide arc
anong semicenductor meterials having the ability to convert vhotons, the
tuantum measure of light, to electricnl enersy, The current is nroduced
when the electrons are collected thst have boen Jarred loose from semi-

conductor atoms by nhotons of 1jght:51

In onsration + and - charges are ~onerated
within thr cells by the absorption of solar
vhotons, The cherges diffuse 2¢ross the



cell until they =2ither recombine or sre sep-
arated and collected by an electrical homo-
zenity, ty»ically 2 p-n junction between
two semiconductor regions, 1

Existing silicon c21ls, about 13% efficient, develop about 0.5 volts
each, while cadmium sulfide cells are only 6% efficient.?! 1In both cases
large numbers of cells need to be arranged in a series., The availability
of gallium for gallium arsenide cells may restrict the extensive use of
this compornd for solar cells. The main advantage of CdS cells over the
silicon cells is that they can be made from micreoerystalline thin films
rather than from single crystals.21 These cells can be produced by vaccum-
devositing materials on nlastic, a process which could lend itself to maés
production, Another disadvantage of silicon cells is the cost of a pure
compound. Since silicon is nearly a universal sol#ent, the die used to
nrovide a pattern for the cells is contaminating the silicon,?!

The disadvantages of CdS cells have been noted as lack of recliability,
and degradation in the presence of moisture, elevated temperature and per-
hans light.21 To nrotect the cells from thege atmospheric conditions, the
cells being used‘in "Solar One" are encapsulated in plastic. The roof panels
which contain the cells are L ft, by 8 ft. by 6.5 in. ( 1.22 m by 2.Lli m by
6.51 cm) and are layered as follows: acrylic sheet, air snaces, acrylic
sheet, solar cells, 1/16 in., aluminum painted black, 1.5 in. uretane i‘oam.g7

The cell itself, a 3 in. (7.62 cm) square, is a sandwich of cadmium
sulfide and copper sulfide, with four layers: a) negative electrode of met-
al foil b) thin layer of CdS vacuum-evaporated onto the foil <¢) a thin
layer of CuS electroplated onto the CdS d) metal grid electrode. This
sandwi.ch is covered by a protective Mylar coating, resistant to ultraviolet
1ight, 0s%0

Of the 2L roof panels in "Solar One! which serve as solar collectors,

three contain the solar cells which cenerate direct current. The direct
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current is used for the stove, dryer, auxiliary heater, fans and light;
and it is converted to alternating currentfor the heat pump and refriger-

36

ator. The 12,000 hand-made cells produce 20 kilowatts of electricity per

15

day, while the average use is 18 kw per day. The house manufactures 80%
of its own energy and the remaining 20% comes in from Delmarva Power & Light
Coy When the house generates more energy than it can use or store, it will
feed the surplus into the utility grid.11 (see fig. 1h)

Mr, P, S. Woodcock of Ferranti, however is not optimistic about the use
of solar cells on earth. In a paper presented at the IFE colloouium on
solar energy, Woodcock stated: "It is totally unrealistic to expect a plas-
tic packaged panel to withstand a terrestial enviromment, All low cost plas-
tic packages will fail., The only solution is a totally hermetic panel and

58

this cannot be produced at a low price.” Extensive development work in
the future is needed to produce cells that are cheap and have a good con-
version efficiency, according to Woodcock,

Rather or not solar cells will prove themselwes in the near future,
solar climate control is available., The Report to the Secretary of the
Interior by the Advisory Committee on Energy which was released in 1972
concluded that solar power appears to have notential for large scale usage

L3

that is not presently being =xploited. The technology is available and
has been for several years. A solar house built by MIT in 1958 is now
meeting one-half of itc fuel demand with forced air heating derived from

the warmth of stored water.10

That was 1968, Acccrding to Dr, Jerome
Weingart, formerly of California's Institute of Technolozy, solar heating
and cooling is th-. most trivial kind of technology imaginable: "In fact,
the use of solar eollectors and heat storage systems is more of a plumbing
problem than an engineering problem.“10

The costs of using solar cells in the structure for this proposal may

be prohibitive; however, with the use of solar heating equipment, the in-
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itial investment is offset by the savings in operation expense, This was
emphasized by the LOf-Tybout study--the life cycle costs of house heating
would be cheaper with the use of solar equipment and the overall energy costs
would be less.h3

According to Donald Watson, codcsigner of a solar home in Connecticut,
"Banks don't firure life cycle costs in today's house 1oans.”1o The addition-
al initial costs of a solar-heating system would raise the tax assess-
ment of a house.10 However, in Indiana we have an advantage--Indiana is
the only steote where residents can deduct the added value of solar heating

10

and cooling systems from the assessment of 3 house. Also, when commer-

cially available the cost of solar home heating will be cheaper than elec-
tric heating, based on amortization of capitol costs.7
Solar collectors that replace conventional roofing have minimal en-
vironmental imnact beczuse no additional land area is required except what
is used by the building itself, From the examples cited, it is clear that
although much research and dewvelooment is necessary, solar heating and
cooling can be incorporated into the design of a house without too much
trouble. It is hoped that by using this non-polluting energy source in the
proposed research center, community interest will be aroused and people
will begin to reocognize that there are alternatives to the contimuing de-

pletion of our fossil fuels,

The Clearing

Plans for the clearing which is aporoxim tely & acres include a garden,
coldframes, compost niles, solar water heater, methane digestors, and other
student projects, The shelter house would remain with 2 pen attached for

chickens,

"Soft technology" includes organic gard-ning but the organic garden-



ers is sometimes locked upon by the scientific community as some sort
of fanatic who borrows garbage to compost. Joan Cussow, a nutitionist
at Columbiz Teachers College explains the role of the organic gardener
in the "soft technology":

Here is a group of farm-rs (organic) who

choo= to produce food by a variety of

energy conserving and non-polluting tech-

niques, They are not brezking any laws.

Their food is no less nutritious than

foodsgroduced by farmers using other meth-

ods,

Ls fossil fuel supplies grow short people are becoming aware that
their very survival depends on oil. In the U.S. we are currently using
80 gallons of gasoline to produce one acre of corn. The processing of
food is also energy consumptive: It takes three times as much fuel to
39

deliver a unit of food from processing as from agriculture. At least
the students who spend two quarters or more at the research center will
know from firsthand experience that food does not come from the grocery
store shelf,
A simple composting bin is shown in fig. /4. An 18 inch hole with
a diameter of 3 ft. by 2 ft. (approximately 0.h6 m deep and 0.61 m by
0,91 m diameter) is fitted with a bottomless wooden box and screen cover,
The vox is filled with decomposable kitchen seraps, grasc clippings, ete.
and kept moist, Barthworms hasten decomposition, Five to six weeks
after the box is full, the compost is removed, allowed to dry in the sun for
one to two hours and is then ready for use,28
The coldframes will b~ used to “'harden" greenhouse plants before they
~re set outside in the spring. Coldframes con be built inexpensively
of scrap lumber and hot bed sashes. Six stendard hotbed sashes are
alr:ady being stored at 1€ Acres with no use intended for them. If

a metol shest and pipes are 2dded to the bottom of the coldframe after its

use in the spring is over, it can double as a vegetable dry-wr. (see
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fir, 16, The sun's rays pass through the inclined door snd he-t a
metal sheet and pirne bringins the water in the pipe to a boil, provid-
ing heat for dryin-.

Becides providing an area for food raising and serving as a recreation-
al area, the clering can also be used for buildin~ and demonstrating de-
vices that can help save energy. Two such devices are a solar water
heater and a methane gener~tor,

Solar water henters are avsilable commercially in Japan, Australia,
Israel, Russia, ~nd Florida.16 % simple water heater us2d by the Santa
Barhara Eeology Center forﬁemonstrations.consists of corper tubing mount-
2d in a glass-faced box. The water ié stored in a 25-721lon (9h.6 1)
prassurized tank which is submereed in 2 larger wessel for insulation,
This water heater maintains a 9°° F (32.2° ©) temperature throuchout the
year,

The Univercity of Florida's Solar @nercy Laboratory has developed a mod-
el solar water heater which is similsr and is drscrited in rore detail,
Covper tubing in a simsoidal configuration is soldersed on a conper sheet
and is wounted in a I £t., by 12 ft. (approximately 1.72 m by 3,66 m)
sheet metal box with a glass cover. The tubins is connected to - 80-
zallon (338.1 1) storasme tank, The bottom of the tank lies above the top
of the absorber so tha*t thz water circulates without a nump. For use in
freezing weather, two ta2nks are used, one inside the other with the outer
tank connected to the collector. This outer teonr is filled with anti-
freegze ond covered with insulation., The heat is transferred to the inner

tank which absorbs the water.1h

Methene generation

The gzeneraticn of methane from orcanic materials has been a common prac-
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tice in Europe sinece 1970, In Wassmannsdorf, Germany, sewate ancerobical-

ly dizested yieldr methene for fuel and sludre and effluent for fertilizer



on a regular basis,!

A small methane digestor producine 2% cu. ft.

(0,07 m3) of methane a day from 30 gallons (107.8 1) of animal manure

and crop waste vas on exhibit in Hershey, Pennsylvania recently. Built

by the Penn State University Cooperative Extension Service, the stated pur-
pose of the digestor was to demonstrate ‘‘the enersy producing potential

of agricultural wastes, to encourage 'futuristic! intferest in anaerobic

dig»stors as part of a farm's system for holding and disposing of manure,

and as a reminder that the use of methane as 2 fuel can contribute to en-
3L

In recent years methane digestors have been built in Indiana, North

virommental improvement by helping to alleviate air pollution,"

Carolina, Galifornia, Vermont and other states by people interested in this
aspect of '"soft technology.” A farm in Benson, Vermont has a bio-gas
plant with a 3700 ~zallon (10,780.L 1) capacity that has produced up to 220

cu, ft. (6.23 m3) of methane per day.33

The generator in Indiana, located
on the Richard Shuttlevorth farm near Redkey, was sponsored by The Mother
Jarth News, Inc, of Hendersonville, N. C, John L. Fry, inventor-farmer,
and Ram Bux Singh, director of the Gobar Gas Reserrch Stotion in Ajitmal in
northern India, gave advice on construction details. (ggggg is Hindi for

'

cow dung,

According to Singh, 2500 bio-gas plants are now operating in India; and
he feels thatit is vossible to manufacture small, family-sized generators
that would make every home and apartment in the U.S. semi-independent of
outside power. "It is now possible to install z small prefab bio-gas plant
in a home or apartment as easily as we now ‘nstall a water heater, Plumbing
i5 no nore complicated.”m He notes that a w»11-maintained zas plant will
produce gas for 25 yea—s,

Methane gas, also ca2llad marsh gas, swarp 9as, blo-cas, 2nd natural gas,

is sbundant throughout the tormerate regione of the vorld. It is oderless,
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. . 56 .
colorless, and burns cleanly ith no emoky residue,” Methane is produced

in nature by the: acticn of anaerobic bacteria on orgrnic materials, at

60

o,
l

approximately 507 officiency.
Amost 21l oreanic wastes are suitable for digection including garbage,
auinnl manures, nicht soil (human manure), grass clinpings, leaves, crop

recidue, -nd paper. When night soil is to be used as a fertilizer, it
. - . 29

chouvld bhe dige=zted with other wastes to prevent the spread ~f discase.

T4 is genarally agread that effluent fror human wastes should not be used on
) 1

veretahles that are to be eatzn raw.

Some wastes may be combined to benefit bacteriel digestion, but it is
imnortant to maintzin a balance of rouchly 30 narts of carhon to one part
nitr gen., Methane-p—oducing bacteria use carbon 30 tirmes faster Shan nitro-

35
A

-
i

sec Tig, I17)
Gas produced hy ancerobic digestion is approxim~t- 17 705 methane, 293
carbon dioxidz, and norrms2lly contasins trace amoonts of oxygzon 2nd hydrogen
‘e 35 . . o s s
sulfide, Firures vill vary slightly: Tamnlin eites comro-ition to be
6775 mehane, 317 ecarbon dioxide, 273 hydrosen and the re-t niiro~en and other
5'() e o 1
“aneS,. In ~ bateh ronetor over-ti-n run, “lavery and Zruzon found averase
=25 comnoctition to be 69% methane and 31% carbon dioxide., * 35 1 (9,25 gal-
lon) copacity insulated steel dizestor chamber was used and Jlonded with 2,8
iz (6,16 1bs.) wet chiclen manure, 130 ko (286 1bs.) gnos was produced for
e~ch k~ (1b,) chicken manure, which figures to he 82 1 CHu per iz manure,.
Pure methane has an avera~e of 1000 BTU/cu, ft. The value of the bio=-
zag produced in the digestor is directly related to the »mouvnt of methane it

. . . 5
contains., Bio-pas averases 625 RTU/cu, ft.B‘ The actual amount of mothane

present in the bio-cas i1l vary slicshtly with the wnste used., Animal

rantas wenaralls coduce ~rester veve ntaese of methana 1 Hlant materials,
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Ram Bux Sing claings that vecetsble wostes »roduce s2ven times tho amount of
gas nroducad by an ermal nount of oniral wagtes,17 This much of - difference
in gas production has not been obtained in exreriments at the Hew Alchemy

Institule; hewever it has been noted that »nlant-produc~d bio-gas has a high

3t .
s therefore a l2cs valuable fusl.>® TFactors vhich affect gas

[N

Cls comtent ond

vroduction from animal mamrec include the size or =2ee of the animel, the

desree of confinement, and the Kind of manure collected (wet, dry, fresh,
341 Y 2 3((

with or withcout bedding, 2tc.)”-

Uhen first considering the tyoe and amount of fmel aveiloble for the
rrorosed digastor, horse marnure from Hartrmever stables was considered. However,
tha tra=snortotion of the manure which would be necessary seems to defeat
tr2 surn~ge of this nronosal--to illustrate thot there ore 2lternstive energy

)

e~veag read?ly available,  The nrorosal enlls for a feun chickens To be kent
brr the rosidentes for food. Thus, o combination of chicken mamire -nd plant
moterial conld he used to fuel the digestor,

Chislen mamure is easily digested, nroduces large cuantities of zas and
moles o fertilizer high in njtrOﬁen.35 Since birds sxecrete urins -nd feces
torether, the nitrogen content of their wmanure is the highert of all animal

7 Chicken monnre rangrs from 5.3 to 9,0% nitregen, dry veight, and

35

is m1inly in the form of ammonia,-

nanures

“lant materi-1, high in corben content, s good te comhin® --ith chicken
morure 0 ootablish the ©0:1 carbon/mitresen ratio. The main source of plant

vostes world come from gracss clintings and from the "slouch,” the <rbow cut

Ve

ol fror Vhite Uver., This oxbow is sxperisncing outrophication 7 an unnat-

122l ronid wate due to retrient dmeet from a nenrby housine develop nent.
™o cmter i chrllon ond the 1d vivor bed is e-vered with much organic

moteayin] dn soma nlrere,  The surfoee of e oty is a079div covered with

end and aloce durding ruch of the year.  The rase of gozeon o7oh mote-ial




bresks un come in the winter but s still present in Toroe amcunts, Using
some of +th~ orcanic material fro~ the =lrush could serve to provide fuel for
the digestoriend -lso serve to pfclong the 1ife of this =mall body of water,
Because digesticn procseds fostes®™ -then the slurry is only 7-99 solid motter,

the material would not have to o drisd first and 1ittls energy imput would

R 3

be 1nvolved,’;
The size of tho digestor depsnds on the demand for gas and the a-

nount of wagtes ~vsilable, Fig, 18 oives the requirements for some common

uses of goe. Gas remiirements of an aversge person, basnd on the U,S, stand-
N g o (103 A
ard of living, is roughly 67 cu., ft. (1.7 m") per day. Using Tonk's figures

of 0,11 1b, of wet menure per day from one 5-1b, (11 kg.) laying hen with 0.07
1b, (0.15h ke, ) constituting +total solids, it is comnuted that volatile so-

9

e
1lide constitute 2729 of the wet weight,” Tolatile snlids is the amount of

35

solids actually svailab’e for digestion, Thirty-five chickens would produce
almost one 1b, of volatile solid~ per day. 507 chicken manure and 50% grass
clippingéproduce 5,9 cu. ft. =28 (68,17 CHh) per 1b, vs added. (see fig, 17)
Probably the gns required for cooking could be generated from th- available
vastes,

The location of the digestor should be mear s wateﬂsource for mixing the
slurry and cleose to the sources of the fuel wastes., The map in the anmnendix,
fig, 2, shows the proposed location., Althoush the bio~gas system can be put
underground forﬁnsulation and aesthetic purposes, it may be desirable to
keep the system entirely above ground for demonstration purposes,. An abpve
ground system, if painted black, can be heated vartly by rcolar radiation, hut
axtra 1ifting of materials ic required.g The digestor can also be placed
partly ~hove and partly beolow cround. It is easier to gravity feed this way.h2

. . k..
If the system iz nut below ground, an "inner tube digestor can be used for

demonstration. Designed by John L. Fry, the digzstor has a special




inlet and outlet tube., (s22 fir. 2o,
Experience has shown thot for practical operation the dizestor should
1
be at least 1 m in diameter (3.28 ft.) and 2,5 m (7.2 ft.) deep. 8 Preonrd-

“ing to Mother Barth a 2m3 dicestor {70.6 ft.B) is efficient minixrmm,sizga.b'h

It should be able to store one day's production of gas. Oversizing is not a
problem since the extra volume is beneficial to gas production.18

The rate of digestiocn at different timperatures is also irmmortant in

dotermining digestor size.35
Temperature Gas Broduction Digestion Period

(g C) (m”/day) {in months)
15 0e150 12

20 04300 6

25 0.600 3

30 1,000 2

35 2,000

Certain methanc-producing bacteria have differcont temperature opti-
mims. For example, thermophilic bacteria thrive in terperatures betwcon
120% and 140° F (48.9° = and 60° C). While these bacteria probably produce
gas more efficiently and at 2 faster rate, they are wery sensitive to any

35

deviation in temmeraturs. It has also been noted that the sludge product
fom thermophilic digesti-n is of poor fertilizer quality.BS
Research at the New Alchemy Institute has shown that best gas production
occurs within the 87-105° F (29,5-10.5° ) temperaturc range. Although gas
production is satisfactory at 59.5°-48° © (12°_2p,7° ¢), it decreascs rap-
idly below (0° F (15.5° €) and is neglieible below 50° F (10° C?.Bs’zh
41lthough it is difficult to maintain a constant tempersture in temperate

climates, methone director units may be heated to resulate temperature,



Indians exr-eriences a hurid microthermal climate--the climotn is melst
throughout the rear, The coldest tymeratur-s fall far bel w

The most offective wavr ~f heoting dieost o is £2 circulate hested

water through nines or cofls inzide the digestor tank (1 £1° coil area). 100

plad

ft.” disestor volume (L9290 m/2.82 n”) is recommendad.””  The water could be

heeted by o golar wvater heater or by the sas from the generator itsclf, With

the latter nethad, there rust be sufficient wastes available to senerate gas

for this additional use. Until ~as »roductien starts,prap-ne can be uced to
i 25

hrat the dicestor,” According to Fry, the resnliing enormously-increased

rate of org orodaction e than eommensstes for the zoo used in this way,

Insulation of the digestor is

Tilled with straw or sswdust., Howsver, ~orous ma*terials such ns soun glass
can trap the methane, vhich ic exmssive vhen it makes ur more than 97 of

»)-—'
2 surrounding air in confined snaces,

The materials necessary for the construction of 2 simwle digertor are

o]

lsrge tonkk, conerete-lined nit or oil drum, an air tight 1id, a manholec for

-

loading an ountlet walve, 2 a filter.s“ A Piite~ of dron filings

>

will rorove the H.S and the cars can be bubbled through linme woter to remove

25,57 .
the CO,, but it iz n~t :ssential.”"s If the tank is conciructed of ~osonry,

it ghould be wateroroofed and rrotectod frorm zas leali-pe, Conerate shemld

ml‘,

- [
be rrinforced with otesl 4o witlatoad dnner nressure from the gog, It has

haen ucranted that =ilo foundation forms canld he adanted totank comstruct-

fon.  Cirenleor strictures rasich nresenrs hetber than roct-nowlor shones,

ethan diregtors can be “fad™ in tuo tmwse the bhatch-feodiag time,

! A or

vhare the smetes ore ~wt in 211 -t ance, the tank scaled and Then armtiad

=hen ~wodnetion hos enaocad; and continnuslcr

facdine t-ma yhers itz are
P
addat am a rarmlar hogto, oo gac vre~deetion is eontinuons, 0 With centinu-

~pe feedine, core should be ta’on that the diecstor ¢an handle all the
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wnster added, I overloading results, acidic conditions con res’t, slowing

©

or stopning zas rreduction,  (Fry recommends, in fact, that the ~ifluent

=)

be slirhtly allznline--nH §,0-8.5 after dicestion hars stabilized and that

17,58

armonia he added when nocessary to maintain this pH.)

Plant material does not flow =2asily through ~ipes a< animal wmnztes
v g I

o)

does; therefore, in thics case a batch dizestor may be better., It is also

4

X cinece it dres= not have to be loaded eve-y dary ~nd scum

aagier to maintai

(Scum is the undigested material on tow of the decom-

\o7

noeiting wastes vhich can sto~ dizestion if it is 3llowed fo pet oo thick,

3

he drawback tc the bateh tyme is thot 200 »reduction tends to ' 1ore
sroredic, 7o corract thig preohlem, tiuo digesters conld he Joad-cd aliernately
o tret ons wreoductiom is not interrunted. ™  Gas ~roducticon usunlly hecins

‘n 7.3 weelrs,  The first two btanks of gas nroduced shonld e discarded sirce

thev may crnhain O, --a rnethane-oxyeen combination i mlosive
Tue designs for dizsestors are vertical or “summ' and horizontal or

ienlocement’ design. (see fig. 2/, The vertical tyme consists of an

inverted gas collector inside an unright tank, The Shuttleworth dicestor,

5]

built of sorap metal, 2 modified 275-rn2llon o0il storaze tank uced as a com-

nostar, a cealed teank for digestion, and a py n from a2 modified combine

encine was the batch-fed, vertical tome, The stecl tank, obtained from a

9]

Junizrard, is I ft. (1.22m) in diameter and @ £, (2.7)) high, and surround-
ed by 2 woter jecket (see fig. 22). Shuttleworth Jeads the commnstor with
cow nanure, using a sco™n attached to his tractor, UWater ic added to the

b}

mamire to form o slnorry, '"the econcistencr of ecrenr.”” The glurrr is mixed

by ramedng it throuzh a 2" (BT em.) »ipe from ton to bobtom of tha mixing

tanlk, Hxing helos nrevent the formation of a scum, especially a nroblem

<hen nlant materisl is used,  After it vas been cormletely wixed, the fluid

is purwed into the main digestion charbar. Thr decomiosition procesg is




A5
]

speaded ur by 2 sysiern >f valves and pipes vhich transfers the slurry from

56

the bottom to the top of %the digestor.”” Sand and organic material in

the bottor build up. (se~ fig, 23) This is o rather cornlicated Aesien,

35

The horizontal design is 'much ove trouvble-free than the vertical decign,®
Wactre 1s moved along in the *tant toward the cutlet as it is displaced by
fresh wootee inroducad frowm one end, This design is to be used with con-
tinuously Tezding.

Gravity flov of wrstes thr-uzh the tank is now being inventigated,
which, if -uccessful, would ~liminate the need for ninss, valves, and purns

Lo
casily clozged by undigested vegetable matter.”

i

=tor if a fleating cover is used--the

o

Gas may be stored in the dic

“(")
W

weight of the cover nrovides the gas nressure. A gas holder, a tank filled

water ceal and »revents the escane of gas or the

Lo

nsed.  In either case the cover rust always

nrovide v»ressure creater thon atmosvheric vressure so that air cammot enter

3

the container. Ixcescive precsure mist 2lso be avoided ded gas

! 21,
pressure is 1720 g¢/em or 4-8" water.” lVethane is the Jizhtest of the

or~anic gzscs and 5070 1hs/se. in, sressure ic remmived to Tiouify ite-too

much oneroy ror BT stored, Thuttleverth meone it inte standard ~reorane
) 3 3 ik
crlindors (W1 £t.7) A6 m” comnrocsor =t 200 1bs./ so. in.

Dewald and Goluslic have vroneszd thnt methans »roduction be ccupled with

“ . IR s 2 ke ~AF anln 2 g
rhotooymthests oncirirg din 2loan, an dndirect neo of solar onergy. The

ﬁ‘ﬁﬂo,ﬂﬁcmmo¢cﬁﬁ angerobically to metharnn, sravide nover vhils the resicdue
alene, decornnand ana

-

20

from the disestors is veed to fartilizs wore aleae,” (sen fie, 7YY Although
this idez cannot ba direc*lr ircnr ~osted Sntos +his pronccal (the slough
T comnectad to White Tiver cdin oo ovin

*he icden of the cvele that

L8 irrortant,  Tan mist come o crins 1ith the Cact thot he iz 2 mart of tle




33
biclogical crels. Tf he dg to “adiust his socin? “nstitutions £~ 2w tech-

nolagy let it be to the "soft fochnology,” Fermefully, this »nronosal con

heln students understand and to vorls with the sun, and the cycles of nature.
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WINDOW DETAIL

Fig. . Double windows

Fig. 5. Decigns of solar homes by I*'II'I‘S
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Fig. 6. Reflector in Thomason's House #2 63

L %
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Fige 7. Thomason's House #3 sh ging heat
collector on roof onlyg
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Diagram of Thomason's third house with

colTector on rool only ©3

Fie, 8.

)

Top Connection

Separate

.
.,

Fig. 3—Fach
collector bank of
the Lof home
consisis of

10 “‘cold” and 10
‘hot" panels,
localed alterpately.

N

Hot air outlet

commor manituld COMMOoN Mmafu'oid

COLR PAlLL

HO1 PANLL

Fig, 9. '"Cold and Hot panels" of Lof's house 32

Basic principle of solar heating .is
shown above. Water pumped up to
roof ridge cascades down southwest
slope through heat-trap panels, at
times reaching temperatures near boil-
ing point. This hot water flows into
storage tank under house where its
heat is transferred to surrounding bed
of coarse stones. Air blown through
the stones picks up heat and pipes it
through ducts to warm house. At same
time, water also heats domestic hot-
water supply and swimming pool. As
stored water cools, it's pumped back
up to roof for reheating, and cycle
is repeated to keep water constantly

. hot. In summer, system is reversed.

Water is cooled by refrigerating coit
and pumped up to northeast side of
roof. Here it bathes roof, helping to
cocl house, and is further cooled itself
by evaporation. Ajr blown through the
cold stones surrounding water tank is
elco pipe? through house to soo! it.
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Rooftop pond

and insulation panels of Hay/Yellot system

62
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ey I Pump

R

Basic system for Thomason's "nond-roof' house,
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T ! No. 3

FN

.
iz,

12. A series gg rooftop ponds and reflectors designed by
Thomason.
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Fige 13, "Pancaoke Water Tank" desisned by Thomason




OTHER D.C.
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in batteries for 75
household use, whiie pd W
hot air is circulated
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above shows furnace
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air heating type.
¥ STORAGE
BATTERIES —
SALT HEATS AR
YO WARM HOUSE™™
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Fig. 14. Cross section through ermd of compost pit.




Use Ft® Rate

Lighting V 2.5 per mantle per
hour
Cooking 8-16 per hour per
—. _.__2-4" burner
12-15 per person per
day
Incubator .5-.7 ft? per hour per
ft3 incubator
Gas Refrigerator 1.2 ft3 per hour per

ft? refrigerator
Gasoline Engine*

CH, 11 per brake horse-
— power per hour
Bio-Gas 16 per brake horse-

power per hour
For Gasoline

CH, 135-160 per galion

Bio-Gas 180-250 per gallon
For Diesel 011 7

CHy 150-188 per gallon

Bio-Gas 200-278 per gallon

*25% efficiency

Fig, 18. Uses for Methane35

Ft® Gas Per  CH, Content

Material Proportion 1b VS Added of Gas(3)
~ Chicken Manure 100% 5.0 | 59.8
" Chicken Manure 31%
& Paper Pulp ; 69% 7.8 60.0
Chicken Manure 50%
& Newspaper 50% 4,1 66.1
Chicken Manure ) 50% B v
1?EF"§§“CT”pp1ngs ’ 50% ] .?'9“_ 68.1° -
Steer Manure 100% 1.4 65.2
Steer Manure 50% |
& Grass Clippings _ 50% 4.3 51.1

Fig, 19, Cubic feet of gg Eg_duced by volatile solids of
combined wastes
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-
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VALVES
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THAT WILL BE CONSTRUCTED IN THE SPRING OF 1974.
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Fig. 21, Displacement design
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FLOATING
GAS COLLECTOR

SLURRY __

Fig, 21 "Mother!s methane maker! 44

PHASES

Gas

Tiquid

Solid

N

Bio=-gas

COMPRESSOR

RELATIVELY COMPLICATED VERTICAL DIGESTER BUILT
AND TESTED BY THE MOTHER EARTH NEWS IN 1973.

scum

supernatant

digested sludge
(spent slurry)

inorganic solids

~——

Fig. 23, layering of byrroducts in the dizestor.
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Fige 2, Methsne Generation

intergrated with plant grow‘th3 >
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