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INTRODUCTION

greenhouse "The confusion is understandable since, by definition, all greenhouses are in
fact, solar. However, traditional greenhouse desrgn has rarely beemconcerned with the most
-effective use of the sun’s gnergy. Those described in, this book'are. In their design and
operation, we have incorporated three basic elements:

-~ - First, a deflmtlon is in order, ag there is some contusxon\c\:reated by the term “‘solar

1. The most eft1c1ent collection’ of solar energy
2. The storage of solar energy. -
3. The prevention of heat loss during and"folléwing collectlon perlods

By attention to those elements, we reap the following benefits:
' P
1. Surplus thermal energy predueed—mﬁmter which can be used 1mmedmtely in an
adJOUlll]Q structure or stored for later use. :
2 Independence from mechanical heating and coo]mu dev1ces poewered by tossil tuels
3. Utilization of an- optlmum amount of 1nsulat10n and thermal storage on an ettlclent

costeffectiveness b351s .

~ I

This book, the deswns and the subsequent benehtsnwolved al] come from a basic con-
cern with people’s relationship to their cnv1ronment and the forces within it. Worl\mt’ on
the premise that one basic environmental problem is centered around: misuse of energy, we
realized that, while many people wish tor alternative systems, the success of such systems
is totallydependerit on the individual’s Qommnment to the svstem coupled with an under- -
standing of what makes it work. That means you, and we want you to know exactly what S

“invotved i in bLHldan and maintaining your own solar unit.
In the tollowmg pages, we've shown methods wlnch can be used to make an appre\g—
s<able addition to the quahty efyour life through a closer involvement with your food chain,
fresher (and cheaper) vegetables, a free source of paltlal heating for your house, a more
realistic integration with the cycles of the sun, the se\asons the weather and thg world, and
independence from corporate energy and food games. Whether or not you actually build
a greenhouse depends on many.“factor ; -:'econ,o,mics-. appropriateness to your loca-
tion and determination, to name_ @ few. But even if‘!you don’t build, reading this boaok

can deepen and enlarge’ vour understanding of your‘enwronment and your relationship
with it. :

This -book- eréw out of the Solar Sustenance Pro;ect and ‘that in turn grew out of a
basic concern with the matters mentioned above. Tre Project was a modest ($15,000)
attempt to see if a se’nsrbly designed attached greenhouse(s) could lengther the pitifully
short growing season in the mountains of northern New Mexico: The Project also had the
goal of finding out how much, if any, heat produced by the greenhouse could be used by
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< When we began the Project, some engmeers and archltects mmsted that our simple .

greenhouse wouldn’t lengthen the growing season éven a week We were told by others that
the 90 degree heat produced by tHewpnits was V1rtually useless. Fortunately, we didn’t listen:

to thent. To balance the nefativism of the cynics, we drd 1ave the support of many people

ini the field: Keith Haggard and Peter Van Dresser of Santa Fe, T.A. Lawand of the Brace
Inlstltute in.Quebec, and several of the people mentioned in Chapter VII. . -

, .\ Through the Solar Sustenance Project, we provided eleven solar greenhouses for low-
inlcome families scattered 'throughout the New Mexico hills. We attached them to the side
of any structfire we could tje-in with and that wouldn’ t blow away in a good wind. Some:
of' the families looked on them and us as more of g cur1051ty than a functional addition to;
their homes. That was’ before Now, we get universally posmve reactlons trom owners,

tourists and interested bystanders.

Our work on the project and on this book is founded on two principles: the hrst

‘that food production should be-a low-energy process. The process is.begun by growing

as much as you can at home, avoiding anythiri‘g”that requires more units of energy to
produce than it contains, For that reason, highly- contro]led close tolerance food produc-

~ tion techmques relymg on outsrde energy sources to maintain them are not mcluded in our
work. ,, - g

[} g i . )

_The second pringiple is that greephouses and other habitable, structures shouTd be de-

. signed to make maximum use of natural energy flow and to make minimum use of fossil

_fuels. This means designing a ‘passive” structure w1th proper orientation, thick walls (high
mass) and' good insulation. This is not a new idea’ but it is bemg re-examined today in the
light -of present teehnologlca] capabilities. While a passive structure delivers obvious bene-
fits, it also demands awreat deal more thought, design work, labor and care in building.
—In-many ways the pawvely designed structure is in direct opposition to the current -
- American,mode of liying. It’s not temporary by nature. The temperatureq fluctuate =it
doesn’t remain 72 degrees night and day: the structure itself has a “thermal momentum”
that is much like the physmloglcal processes of a human body, charging and discharging,

Vinha’ling and exhaling Most importantly, a well-designed passive structure doesn’t depend

on a constant supply of energy to keep 1t hveable The building uses the sun as the Earth
does only better.

-

Although the units w? ve presented are deslaned speufreal]y for the dry, ‘high=altitude,
high-sunshine Rockies, the principles which make them work are valid anywhere in the
world. Depending on where you live, you may need to merea‘;e the performance of your

unit’ through modifications in design or addition of more somuqtleated heat collection and

storage systems. For those to whom this applies, we've presented\a wide range, of such im-

~provements in Chapters V and VII o ‘ \

If you decide to build-and operate a solar greenhouse of your own you will he joining
agroup of experrmenters in what is still an infant science. You do not need to be a scientist
to participate. All the principles #ivolved are elementary and logical. Their simplicity makes

the benefits derived from becoming an active membér of the solar eommumty easrly access-
ible to you. Welcome. ~ s T

'
|
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CHAPTER I The Greenhouse Biosphere

v

¥

Thé;concepts-qf environment and ecosystem have been around for a long time, but
only in the past few years have these ideas become part of the-public aw;ji‘mcncsi. Many of us
only realized the profound implicattons of these concepts when we saw the first photo-
graphs ot the earth taken from space by the astronauts. The earth is indeed a closed sys-
tem, one that must sustain itself through a harmonious balance of its elements.

When you build your greenhouse, you will be creating a very special space, an carth
in microcosni. You will control the character of the space to a great extent. Your imagina-
-tion and design will determine how well the natural life force sustains itself and what you .
derive from it in return. Y-ou are, ineffect, producing a living place that W%H grow and evolve

© with a life force of its own. \ '

The special environment that you will create is called a bigspliere. Webster’s.defini-
tion of a biosphere is: “*A partof tlie world in which life can exist..living beings being to-
gether with their environment.” As aliving being, you are an essential element in maintain-
ing your l)iOsphc‘ré. Sowing seeds, nurturing the earth, watering, fertilizing }7la{i1ts and soil,
and controlling the temperature and humidity will be your contribution to the biosphere.
The greenhouse will reward you with the personal fultilhment of living Witliin the cycle of

&

growth.

FIGURE 1
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Biospheres vary greatly in the number of their components and life systems, depend-
ing upon the interest, time and energy invested in them. A simple, easily ntaintained exam-

ple would consist of a small structure with a few planting arcas. Closely related, hardy varie-

ties of vegetables and/or flowers would be chosen for cultivation. As their needs are similar,
théy would not require a great deal of time or attentidh. You may, however, prefer the role
of maintaining a LOIT][)]CX biosphere containing a wide variety of life forms. Some experi-
mental units of this type combine plant growth (sml or nutri-culture) with the production
of animal protein in the form of fish and rabbits. These systems attempt to achicve a sym-
biotic balance between the various organisms, using the by-products and waste of each }o
support the other. The more complex environments may also employ wind generators to
power independent heat collectors, sophisticated storage facilitics and other improvements
(Chapter VID. These systems obviously demand muah more time. attention Jnd a strong
interest in experimentation.

Asalivingspace. your biosphere will grow and affect things around it. If it is attached
to your house or anotherstructure, an interaction between the two will occur® The condi-
tions that develop in the grccnho\mc will be shared with an adjacent room or building in
the forms of heat, humidity and the exhilarating fragrance of growth. In addition to pure
sensuous delight, benetits can be realized in an economic sense as well o through a reduc-
fion in heating costs and food bills. The changing moods of the life sy sl@n will soon be-

come evident and you may tind yourselt reacting to them much as you would to a human
personality.

FIGURE 2

4
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Along with thesé rewards are the health benefits that you will enjoy. Greenhouse fr/esh
produce, especially if it is organically grown can be far superiorto its supermarket cbunter—
part. Comniercially produced foods n}ay contain harmful chemicals, and in many,cases lose .
uch of their food value during the days they are in transit dnd on the shelf. Not only will.
body welcome the added nufrrtron of home- -grown produce; but you. w111 also exper-
ience al unbelievable increase m ﬂavor from the fresh vegetables. The envrronment of the
greenhouse can also produce feelmg of well- -being aiid tranquility- It may become a spiri-
tual refuoe from the eutsrde world

Perlaps the most d&namlc aspect of your newly created brosphere is its’ 1elatlonshrp
to the life force outsrde 'of our earth’s environment—the -sun.-Selar energy affects every
facet of life and change on earth. The sun produces movement” ‘in the atmosphere, water
and-land masses. /l/ t acts ypon the earth’s orbit and seasonal changes IS . waves of visible
and jinvisible epergy are the basis of all growth and life. Thrs awesome force will be the
medium thro’ugh which you wotk. You will’ co}le,ct Jtsﬁnesoy, contain and store it, alter |
aryi direct it in the way most beneficial to the support;ot your biosphere. The sun will com-
bine wit] Karr earth and water to produce the frtth essential element in the greenhouse,
pla;&r/t/(rfe In the management of vour hmqnher,é/ vonr role will he ta comnlete thi€ five-
sidéd cycle.
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'CHAPTER I1 The Dependence Cycle

The mass-market age is the mass-dependence age. Damgcr()us zl_sp’écts of the depend-
ence cycle are sclf-cvi\dcnt\\Dcpcndcncc is addiction. Whether i’s a dock loader’s strike
in Philadelphia or a two cent jumprin. the per-gallon price of gasoline, the result is the same,
Changes are made in your life, usually for-the worse, without your having any say in the
matter. Urbanization is part of this cycle: xpcuah/dtlon nemploymentis as well. Everyone
in this country has felt the effects of this situation and suffered some-af the consequences.

When those consequences affect basic life functions, it becomes a serious problem: Fhe

qucstlon is. “*How do vou break the depenéence cycle?”
~ Going back to the land is one method, but for the majority of people, those who live

~and work in urban arcas, this isn’taviable alternative. Rural life isn™t everyone’s dream and
it's difficult. to sav the least, to turn a 40° x 80" city lot into a selt-sufficient farm. But
onc doesn™t need to hcruurirc'/,\' dependent on the systCm.\,'ﬂA greenhouse makes it possible
Lo grow.y substantial amount of food in a very small arca. Moreover, ilﬂcnulhcns‘ the grow-
g season tremendously in most Ddll\ of the country as well as protecting crops lxom lem-
age by hatl, wind and animz 1ls . :

In order to prevent tradmg depcndcnu on one part ol the cycle for another, a basic
rule of thumb is to make a careful evaluation of how much energy goes into food produc-
tion from seed to table, then compare that with the amount of energy timt comes out of
the food to an animal or person. Think about how much energy it takes to grow, harvest,
pad\ store and ship the lettuce in your salad and you’ll quickly see what That means,
Consider gasoline and oil for trutmsdnd trucks, energy L\pcnde to drill that oil, to trans-
port roughnecks to the oil hcl&s to generate lhuelcdnulv used in supermuarket freezers
and lighting, and on. And on. It adds up. ()l)\/lous'ly a thoughttul long-range tood/cenergy
view takes production techniques into u)nsldL ration, giving top priority to ‘low-cncrgy~in,
7 ]mrh energy-out . approaches. '

Again we come back to the family - or wmmumty operated greenhouse. 1Us hard to

find a better example. It short cuts the gntnc process. The family that grows a head of

lettuce realizes a measurable petro-chemical savings. Shipping costs are climinated. Food
i§ caten fresh from the carth: no)proccs.\:‘ing&)r packaging costs are involved. And it is pro-
duced by human labor without machine (ptirchus‘c operation and maintenance) expenses.

Aside from economic benetits, therc‘ns always tlu fact of quality food. fresh and
healthy with amazingly good flavor. The p\lcaxure of t dm_ng vour own tfood ecologically
and 4 tcclmg of self- rclmnw are additional rewards.

F or all the above réasons, private g,rccﬁhousc sales have increased tremendously. The
problentwith buying prefabricated grccnhouscs or plansis that they were designed without
regard for the specific climate and solar conditions in your region, and they weren’t planned
for vour site or your house. In fact, 'thc majority of prefab 'grccn‘i]ouses arc designed as
free-standing structures and ‘demand additional fossil fuel in winter. Rather than adding
heat to your home, they actuallydncrease your consumption of fuel.

&
3.
”’ -
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While we obviously haven’t been able to see your home or your site, we’ve provided
enough bastcs along with design modifications and information on how to use them, that
you’ll be able to use this book, spve some money, understand why your grgenhouse is

working.and-best of all, end up with a life support system custom desig. d

fer your home.

)



CHAPTER III " The Design

PRINCIPLES

The principles involved in the dynamics of a solar greenhouse are shared by all solar
applications. Factors that apply 5pcut1n_ally to an attached greenhouse will be discussed here.

Solar Radiation. In the context of agreenhouse, radiation-or insolation, is energy that
arrives from the sun in the form of sh t waves. Its intensity and duration are affected by
a multitude ‘of factors (ldtltudt smog, tlme of day, etc.). -~

1

Radiation. Heat encrgy is reradiated in the torm of Ionu waves from ()b]u‘ts that sunlight

strikes. These long waves heat objects and air moluulu in the greenhouse and do not read-
ily return through the glazed (glass and fiberglass) surtaces. This is known as the “‘green-

“house-ettect.”” ~ 2
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Collection. Thisappliesto the guthéring'ol‘ radiant energy that falls on an-object. The green-
house may be considered a solar collector for the house. For the puriwoscs of this book. the
terms collector surface or clear glazing and skin will refer to the clear arcas ol the green-
house that transmit (pass through) short wave radiation.

Angle of Incidence. This refers to the angle at which the sun’s rays strike a collector surfuce.
On any lixed surface this angle changes every moment of the year. Solar radiation is most
cftectively transmitted at anangle of incidence perpendicular (normal) 1o the collector sur-
face. Besides the angle ol incidence, the amount ofenergy transmitted depends on the phy-
sical properties ol the skin (e, iron content in glass) and the number of l;iycrs in the glazing.

»

- SHorage featores!
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Storage. Solarenergy can be stored directly in objects that it strikes. The amount of energy
stored. the rate of storage and the rate of heat reradiated from the object depends upon the

surface texture, color, thermal mass (density x specific heat), conductivity ot the material

10
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and the temperature of the surrounding air., Common'storagé media used in a greenhouse
are water. rocks and earth. We recommend two gallons of enclosed water or 80 pounds of
masonry. (rocks. bricks. etc.) per 1 square foot of clear glazing., For maximum et‘fcc.‘t,.thcy
should be visible to the winter sun. See Figure on the preceding page. '

E

Absorption. Dark, low-reflective surfaces absorb more total radiation than light, reflective
ones.

@

‘. 4

Reflection of light..As the north wall of an attached greenhousc is solid and does not trans-

mit light, it is necessary to retlect (or bouncé)-some light from it in order to duplicatc the —

naturally diffused light that a plant would receive outdoors. If this is not done. the plants
can become abnormally plototropic, or light- secl\mg, dl'ld wilkmot exhibit htdlth\/ growth
patterns. In a freestanding Elt.t.ﬂhOU\C the north wall can be tilted to reflect more light to
the plants.

’

Dark and opaque surfaces combined ‘ Vmble Reﬂectance of
with heat storage are required in the solar C()mmonly used’ reﬂectmﬁz materials
C. .n 4
greenhouse to absorb and conserve heat, )
- while hight and clear surfaces are essential Material - Reflectance (Percent)
for healthy “plant growth. The solution 'to 7 o
.. . . WHITE PLASTER 90 - 92% -
these contlicting needs is a compromise. .
= MIRRORED GLASS 80 -90% .
Some surfaces will absorb while others will MATTE WHITE PAINT 75 -90%
insulate and reflect. The reflective areas can - PORCELAIN ENAMEL 60 - 90%
be placed directly behind the plants on the POLISHED ALUMINUM eo- 0%
L c . . ALUMINUM PAINT 60 - 70%
north side of the greenhouse. The chart in STAINLESS STEEL S5 - 65 %
Figure 6 shows the retlective properties of
~ . - . . f ’ - ’ *
various flat surfaces in the visible light range. FIGURE 6 , .

'
Heat loss. Heat moves to cold, rcgurdléss of the direction it has to go. It is indifferent to
“up’ or “down’. “inside’ or “out.” There are several types of heat 1oss to be concerned
with in the greenhouse. One type is direct transter. or conduction ot heat tfrom warmer.
regions to cooler ones. In the greenhouse, heat energy trébm warm inside air will be
transterred through the skin to the cooler outside air. The process is-slowed down by a;
“dead’” air space between the glass or double glazings. Air pockets in fiberglas batt. styrof
foam, ‘sawdust or other types of insulationdonstitute dead air space and are the primary
insulators in most insulating mdtcuals They slow down conductive heat losses but do not .

- stop thun entlrely The ability of.a material to ‘insulate is rated as an “R™ factor. The high-
er the “R” factor. the better the insulator. .

Nocturnal or clear sky radiati6h is another source of heat loss. Warm earthly bodies lose
their heat to the night (and day) sky...to space. Cloud cover, fog and haze are natural bar-
riers to clear sky radiation losses. Smog is an unnatural, but effective, barrier. The loss oc-
curs most rapidly through clear surfaces. This is particularly 1mportdnt in the Rockies and
fhroughout the Southwest on crystal clear nights. ‘ ‘ S :

Convection is a third source of heat loss. An insulating baI‘Ifix't‘I“\’\;i'l'LlOSt? its efficiency
if there is air circulation within it. The faster theair movement, the greater the heatloss. -

- 11
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This circulation cannot be stopped entirely, but it can be cut down to preserve heat. You
can think of conduction as heat moving throuéh solids and convection as heat moving
through {luids and gasses. .

Infiltration fosses are leaks around doors and vents, or through cracks and sltoppy
joints. They allow rapid heat loss and cold drafts and cannot be tolerated in a solar green-
house. Air leaks are a major heat loss in buildings and the casiest ones to stop.

Evaporation could be a majér source of heat loss but it should not be an impbrlunt
factor in a properly watered greenhouse. In the summer, evaporation will be usggh to hélﬁ
cool-your greenhouse.

-

All heat losses are greater in the higher (warmer) arcas of the greenhouse, through the
clear walls and around the perimeter of the structure.

Air circulation. Heated “air in the greenhouse rises and flows into a high opening to the ”
home. A low opening in the shdrcd wall allows cool air from the house to enter the green-

house tor heating. Without any mech-

N
WARM AIR
INTO HOME -«

anical devices this natural cycle will

function continuously on any relatively
f . -~ ’ .

sunny day (sce this figure as well as fig-

ure 5 on page 10). Two additional bene-
VENTS,

WINDOWS fits are provided by this type of air cir-
culation. The plantsin the unit convert

carbon dioxide into O\yLL n-rich air for

cooL A.IF'-Z ¥ the home, agefinite hcalth benelit for
FROM-HOME- the occupants. Also. in arcas of the
) country with very low humidity, the
Ja " FlGURE 7 : added moisture from the lenhousc

will be welcome in the home. The circulating pattern becomes better as the ver tudl distance
between the high and low vents to the home is increased. Try to get a 6 foot vertical dis-
tance between the high and low vents. The same is true with summer venting. The total
square footage of exterior vents should be about onesixth of the {loor arca of the green-
house. Tht ]LLJTVCI][ 1s one th‘lrd larger than the loww one. The exterior door counts as a

vent: For c.xamp]egm a 160 scimu foot greenhouse \;&C have:
4 oo /

/ /
. - (l' ,
Exterior-  Low vent (16 inches oft the g,touml) ’/ »= 4 square feet

Il

High vent (7 to & feet off t}hp ground)‘, RIURE 6 square_feet

Door3 x ¢’

I

18 square tcc

Venting ares 28 square fcpt

Venting to the home doesn’t have to be tffli%‘"laru (Iﬁmay be greater if there is a door/
window combination.) Try to have at least 4 square fe et of low openings and 6 square feet
of-high openings for a gree enhouse this size S(,d]L up or down for your own application.
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THE SITE

The lm‘lzmim of the term frade off will become apparént when you hcgih to select a
site for the ﬂlunlmu\L All the conditions are not likely to be ideal. but it is lmp()lldl]l that
positive tactors are emphasized and detrimental ones kept to a minimum. ’ ;

The first step in choosing a site is to determine how your home and property are
aligned i relation to solar movement and other natural elements. Stand on _l..hc south side
of your house. Where did the sun com_hc up today? Where will it set? What will its rising and
setting positions be on December 22nd and June 22nd (the solstices) relative to your south
wall? What are the prevailing winter and summer winds? ) E
| : ;
Ol‘l,El]IZ]tl()I’l A solar ﬂrccnhousc requires at least a partial xoLBthu n exposurg. Find nmgmtlg
south by using a LOIHDJ\\ A survey map can tell vou lmw many duvlux— st or west (de-
clination) from vour site grae south is. Add or subtract these degreesto llml true south. The «
magncetic pole roams around a bit, so try toget a fairly recent survey mdp. Wlhen you estab-
lish truc south, determine how far from a perpendicular to south _ymnflmusc wall is. This
east-west axis will be the north wall of the greenhouse, and it can be gs much as forty de-
grees off true cast-west without losing an appreciable amount of wiﬁw' sunlight. 11 you
find that you have no home wall that is oriented within forty dL‘}_.,IL‘L\ of the cast-westaxisT
consider g corner location. It no dLLLptdhlL‘ I()Ldllmuﬂsieﬂmfﬂ‘immmL he house, then an
mdupcndant structure must be Planned. ANl of the natural considérations apply to inde-
pendent astwell as to attached solar greenhouses. Use the charts in Appendix A of this
book ag aids in visualizing orientation: sun movement and obstructipns at your location.
They s'lhmuld prove leclpl'ul. The tollowing two sections will hiclp vou use them.

»

Sun movement. The sun is . : ~
constantly chimging its path \&i"\
through the sky, dropping - /l”\\ ~
low on the horizon in the. ~. ! N
winter and rising to an over- Vo N
head position in the summer. A\ - N
A solar greenhouse differs  w . - \\ ) \\
from most solar systems in
that itisnot necessary to ob-
tain the maximum intensity

and duration of  sunlight
throughout t.hc CNUre year.  soum \\ n ‘ \ North
It should be designed and lo-
cated so that it receives the

greatest possible amountand . WTER s orwen SUNRISE ™
intensity of hight during the SN - East

winter, when daylight hours ! FIGURE 8



iy
' )

are few, “and less light in the summer when overheating is a problem. The pl'zotoperiod\
(length of sunlight in a day) becomes particularly importart for charging the thermal mass
in the greenhouse during winter. Because the photoperlod is so short from October to
March, both the plants and the heat storage features of the greenhouse need every avallable
minute of it Designing in accordance with stin movexamnt patterns glves the solar green-
house automati¢ advantages over conventional units ﬁor wmte; heatlng,,amd summerf coohng “
This type of natural ¢onservation has been widely neglected bgcause of the avallablhty of
-inexpensive heating fuels. However, pit and at___tached solar greenhouses were built in the
“late 1880’s in New England and exhibited a;_'pfe,c'tse understanding and use of sun move-

ment. e : ;’ : ’

The quality of l1ght the greenhouse receives 4t varlous times of the year ‘1S also an un-
portant consideration. In Santa Fé, New Mex1co, a winter morning is more ]1ke1yv(to be
clear than a winter afternoon. Fcor this reason, it 1S advisable here to have a gredter a
~of clear wall on fhe eastern side of the greenhouqe than on t
clear wall makes sense in any locale
cold winter nigl

oL

~Gene ally, an eastern
enhouse needs the early warmlng rays after a
an Loitz (Chapter Vlv page §1) claims that morning ‘¥is when the plants
o their gfoWin’. G1ve them eastern llght

Obstructlons Anythlng that blocks hght fromlthe greenhouse may be (,onsn/dered an ob-
struction. In examﬁmn\g anobstruction, its or1entat10n and size are, ‘the two mz&st nnportant
factors. Where is it m relation to the south tace of the: greerihouse? How mug h of the*tmk
" s it bloekmg the sun and during what season’:A deuduous(leaf shedding) tree that parti-
ally shades the greenho&e from the late afternoon summer sun could be an a set. A twenty-
foot evergreen ten feet sowth of the unit is a Serious, problem, The charts jn Appendlx A,
page 139, can be useful tools in determining how much sun will ‘be blocked t varlous times
of- the year. For best midwinter opelatlon no more than an hour or so of mldddy sun_can
be lost to obstructions. in urban areas the possibility of a neighbor planting a tr’ee or addiny
another story to his home directly in front of your greenhouse’is sometln'lg that should b
considered. There is dgreat deal of legal reséarch now-underway pertaining to “‘sun rlghtx.._;
. If in doubt, check 1nto this possibility before you begin. T R
Y our home may present 4 sun obstruction on the east, or weqt s de WhllL it t,uoh'
block some of the hght particularly in the summer months, it will also be bloekmg tlu
wind and acting as an insulating barrier against the elements. T _
The important thing to-remember is that an obstruction can be 4 positive or negative
factor. You can compensate for some obstructions by proper bed | yout. In other cases,
exterior reflectors can make up, in intensity and duration, for light blocked by an ob';tiuc-
tion. Remember that whenever light is sacrificed, tlie performance of the greenhouse is
altered. Try to achieve the full winter photoperiod and at least tgn hours of summer sun.

o

Wind. The natural flow ot prevalhng winds can be used to your advantage 1n the design of
“—thegreenhouse-Tnmany parts of the country the summer- “winter patterns will vary as much
as ninety degrees. New Mexico has a pattern of winter winds ftom the northwest and sum-
. mer breezes from “the southwest. Bv mounting a low. vent in the southwest corner of the

AN
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cooling. i .
| Anoth rimportant matter is locating the exterior greenhouse entr ance on the opposite
side of the prcvalhng winter winds. In this way the entrance is partially protected from’

‘drastic heat losses when opened in the cold period. This is.a necessity in a greenhouse that

has no doorway to the home {

Drainage. Adeguate dramage away from the home and the greenhouse structure is essen- *

tial. Most buildings are constructed with a gradual slope away from them for runoff. When
the extra roof area of the greenhouse is added, will this still be effective? Be sure to check
‘the drains and gutters frém the,llcj_llﬁmld_wheret—heytermnﬁte’mm it may

ﬂmmt to_existing drainage lines. Try to have the ground runoff from the

/

%, .

o°

2

T

v[

!

greenhouse follow the _existing pattern of drainage. Some plck ‘and shovel worf< may be
~hecessary to facilitaté this. ’ . ¥

Per colatzon the rate at which water can flow downward through thg soil, is pdrtlcular-
ly rnﬁ)ortartt if you plaitto have ground beds in ‘the greenhouse. Although correct waterrng
’proeedurévs ‘would never allow saturation of the beds, accidents (such as leaving the. hose on.

overmght) do happen. When”soil conditions at the greenhouse site are not conducive to

good percolation, you-can add several inches of coarse sand or gravel to the ground level
of the unit to aid drainage. Water accumuldtmg under the flooris not beneficial to the plants

or the thermal dynamles of the greenhouse It lessens the effectiveness of any insulating

* barrier. ‘ . » s
: ‘ ,on IS . : . ' 2
. . ,

Sl

Utilities. It is eonvemcnt to hdve water and electrluty ava1lab]c at the greenhouse site. A
water faucetst cuts down on the manual labor involved in hauling water to. the plants; but
as plants in agreenhouse do not requnre as much water as they would outdosrs, their needs

¥

can be accomrhodated. by hand. If a faueet is located at the site, plan to build fr‘f into the |

unit. 111 the spring and summer you can extend a hose through the door or vents for watering
the o‘*htd(&or plants- It is alsé p0351b]e to get an adaptor for mdoor water outlets and run a
hosg to thé greenhouse through a doqr or wmdow ' :
“An eleetrtedl outlet;like a water faucet, 'is. convenient but not essential. 1t is enjoy—
dble to have hght for nfghttime‘work but difficultito justify the expense of the electrical
power needed to hOht the structure in terms of the additional food it could produce

Fans are very low poOwer consumers *and’ must be judged differently. In pdrts of the -

country suchaas the deepE'sout‘ﬁ they may be-a necessity for a successful year-round green-
chouse. A fan would be a great aid in any, area tor moving warm air that the greenhouse
produces in the winter mto an adjornrng home, thereby mercasmg the eftect of the green-

house as a- “collector. H’“ere agdm 4f might be posslble to run an extension cord into the

greenhouse and sawz/the expense ot permanently wmng the structure. coew
The main point is this: leave or design provrsroﬂs for utilities if it is eonvement and

- not costly‘to do so, but don’t feél that: you have to have them in order to kave a sueeessful

sola/greenhouse ; o
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Openings to home. An attached greenhouse should h’ave access to the house, ideally in sev-

“eral places. The reasons for this are both aesthetic and practical. If you f}\d a south- facmg
wall that has'a window and/or door that will be covered by the greenhouse, then you are
very fortunate and have just saved yourself a lot of work. lf\not don’t despalr the situa-
tion can be remedied. ™ :

| However, don’t begin by punching holes in the wall of your home. ThlS can be done
at a much later date \yhen you completely understand the air circulation patterns of the
“greenhouse and the héat that it is capable of producmg At this stage you are looking for
locatlonsltllﬂggor_@ould—hm sto the house.

/Tdoor from the home to fhe greenhouse allows easy access and integrates the two
into a whole. A door from the kitchen to the greenhouse is partlcular]y appealing and should
be utlhzed if possible.- Any windows between the strugtures are a dehghttul way of bringing
the rich life forces of the greenhouse into the hame throughout the year.

' Keep in mmd the visual characteristics of the building materials. If you plan to use
fiberglass-acrylic panels or polyethylene in the greenhouse, remember that they are trans-
lucent, ndt transparent. Their visual appearance is roughly equivalent to that of a shower
stall, door. This might be an 1mportant consideration if you have a ‘YIGW you’d-ljke to pre-
serve. -

' Bu1ld1no codes Bmldmg codes inspectors and permits are strange inventions. Originally
_intended to be constructlve “helpful devices, they can be restrictive, rigid and generally
oppressive to innovative dgsign work. The latest information in the code books about green-
houses was probably written around 1940. In some regions, greenhouses may be considered
“temporary’’ structures (like gospel show tents) and have virtually no restrictions on their
, conS/trﬁoﬁon In other areas, they may be subject te strict (and obsolete) codes. ' "
The best advice is to find a friend mvolved in construction and check up on the
mood” of the codes and inspectors in your area. the possiblyithe local inspector will
‘Be a_ 001131derate aid in your project, giving valuable advice on the strength of Iumber
foundatlon foouags and so forth. 1f you are in doubt.about the local situation, follow the

p’irescnbed code’ to the letter. In‘ the lTong run this will be cheaper than tearing the struc-
_ture down and doing it over.

H
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EXTERIOR DESIGN

The exterior designs we show will be based on a lean-to or shed roof configuration,
but the prmcrples ‘involved are applicable to any roof shape or design. A shed roof offers
the tol]owrng advantages® !

1) Construction probl'e’ms\\are rechu:ed when working with standard lengths and

angles. The fewer intersecting plan‘es\_there are in a structure, the fewer junc-
tions, the easier it is to seé\L. The addition can be tied into the existing structure

2)  Both time anid money are saved by the design. The spans, openings and panels
carr be planned around.the United States building standard (four-by-eight-foot),
so there is little waste, Materigl purchases are easy to estimatd

3) _‘\As-"n‘fé'jo'rwe'xterior f'ﬁjanes are limited to four or five large areas, heat gain/loss

" calculations are a'lsirri}ile, straightforward process. When moveable insulation is

utilized, the procedure of ap‘plying it is uncomplicated because you are working

with ldarge, flat surfaeeé,
/ P

In choosing a site, try to achieve the following:

1) Have as much south collecting area as is economicallyfeasible. o

2) "~ Cover along linear area of the house wall for storage and insulation. A long Tec-
- tangular (east to west) greenhouse gains a greater photoperiod than a “‘boxy” or
square design. y

™~

~
o / )
A rule ot thumb that has proven/sueeesstul in bmldmg solar greenthouses is to allow
the length to be about 1% - 2 times the width. A size that has been fairly standard in the

Solar Susténance units is 16’ long by 10 wide (foundation extremes). A greenhouse of these
dimensi]on-s has plenty of growing space w-i’th some room left over for WOl'killlg and relaxa-
tion areas. ' ’

If the width of the greenhouse becomes much greater than 10 feet arid the pitch o{
the roof is shallow rafters heavier than 2 x 4's must be used and the expense of bmld}/ng
increases. A narrow greenhouse has othef advan.tagee in construction and in its thermal
charaeterrst‘@ : coN T /

In the greenhouse shown in the diagram (Figure 9, tollowmg page), the sun at noon
will strike no higher than point “A” throughout the winter. You can plan to add any direct-
gain storage below and south of" it. A widér greenhouse (“E’") would mean that the clear
area on the roof (*C™) would have to be increased, creating more clear surface tor heat loss

"in the wmter and heat gain in the summer. Note that on June 22nd; the area north of point
“B” will be in the shade during the hottest part of the day. This rheans that your thermal

17
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FIGURE 9

sto/fage is out of the direct sunlight in mid-afternoon on summer days, when you don’t need
or want it heated. . '

" The solid roof area of the greenhouse (D) will be permanently inSufated. TllL result
will be a more even temperature range in the unit throughout the year: A partial sacrifice
with built-in shading is that full light-loving plants (tomatoes, cucumbers, peppers) won't
do as well in the rear of the greenhouse during the qumnﬁ”el;period Y ou can compensate
for this by planting themy in front. However, most flowers, slhade- loving plants, and cool-
weather vegetables will find the covered area \,ot the greenhouse acceptable. The loss of a

little summer light is more than.returned in overall tlnrmal puiormanCL in a correctly -
shaded greenhouse. ’ '

Plan your design to allow the winter sun to strike Well up on the wall( *A™) of the
greenhouse (five to seven feet). This will guarantee that approxrmqtely one-third of the

rear section will have partial shading in tlie heat of summer. The point on the rafters where

18 . o
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the 1nsulated roof stops and the clear roof. begms can be determined by a Cross section scale -
drawing usmg the information on the charts (Appendix A, page 139). ’

Angle of'the south face. Tn the solar gfeenhouse, you are working for maximum efficiency
of collection during the wrnter period and reduced summer transmittance. Fo do that means

that the angle of the south faee should be clos;tt}/a perpendrcular called normal, with the -

average ““solar noon’ angle of the sun-during-the coldest months In the northern hemi-
sphere this period is mid- November to 1n1d7February T ® :

If we average the winter solar noon. angles in the contrguous U.S. we frnd that the
optimum tilt for winter collect1on begms at about 500 in the southern Umted States/énd

rises to 70O around ‘the Canadian border. Remember, this is at solar noon; all other times™

-of the day the sun'is at a lower alt1tude in the sky. The lower altrtudes mean that’ the col—
lector tilt can be rarsed for better transm1ttance through the entire day A formula Pve: used
for establrshrng the tilt of the south fac‘e is the latitude + 35%. You can see that if you hve
north of 45° latitude, the*angle becomes very close to vertical. To have exactly the correct
angle is not critical. The tilt of the gla71ng can be as much as 500 off of normal and strll
not lose an apprecrable percentage of light transmrttance e o T
What is perhaps more 1mportant is that a steeply t1lted south face is not normal to
the’ summert sun. In other words, you don’t have a huge clear area perpendicular to the in-
tense summer radiation. The relatrvely small clear roof area of the shed designs (F1gure 10)
insures that you have iess overheating problems in the warm monthsaThe large south face
at’a steep tilt is far enough off normal to refi€t a substantial amount of radiation in the
summer, ‘ _
There are other 1mportant consrder— o .

_atro_nsﬂ/d,e‘tennnnng the angle of the - =« v
south face. If you are planning moveable -
insulation (rigid or curtains) on-the clear
surfaces, a vertical plane is definitely easi-
er to cover than one tilted at sixty-five
‘degrees. Another ﬁactor is that a vertical

- south wall prov1dés more 1nterlor space .
than a tilted one (Figure 10).

‘On the other hand, a vertical south
wall demands more\materials and greater
spans Also glven a height lrmrtatron on
the home the tilted face hasa greater sur-
face area to winter normal than the verti-
cal one. Bpm designs have a relatively

small clear surface on the rtoof that is
normal to the summer sun. In- our units,
we have used both configurations success—
fully.” '

FIGURE 10
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. o
Y ou may have an ex1st1ng patio wall or fence that could serve as the south border of

the greenhouse The angle' between it and the proposed apex mrght not be exactly correct
for the maximum u<e of winter ciin hirt ite availahilitv can he a.definite advantsave Mnkej
use of it if you can.

Insulating and stormg walls. The solid walls in your greenhouse-can be used for 1nsula\t10n
storage or best of all both Depending on your orientation, they will be built on the east
or west side(s) of the unit and perhaps a low one will be 1nc1uded beneath the south cok
lecting face. A typrcal insulated wall would be made of two- by fours: with interior fibergla
or rockwool 1nsu1at10n then sheathed -paneled and sealed. The advantages of such walls
are that they are easy to build and inexpensive. This is thé way the great majority of Ameri-
can homes have been built for the last four decades. The drawback is that if the heat §s
turned off for a tnne during the winter, the frame house gets cold very quickly. The struc-
ture is entirely dependent upon continuous heatmg : e :

Building a wall w1th thermal mass makes sense in any structure that wses direct sun-
light for Weat; The heat is stored in the building material: and returned to.the structure
several hours later.’ Materrals such. as the adobe bricks used in the Southwest have the Je-
markable quahty of dehverrng maxrmum stored h.eat about twelve 'hours after t]repeai?, col-
lectron perrod whenit is needed most The dld rock homes with_thick walls- found through-
out much of the United Srf‘ates perfor’m the same functron This natural cycle also works
to the’ benefit of the occupants in summer helprng to keep the-hofreicool i in the day and
warm at night. . .

Commo;r,massrve bu11d1ng materials are ceramic brick, stone adobe (frred or unfired),
poured (.oncrete ¢and pumice (cinder) blocks frlled with concrete. These kinds of walls rc—
nd take a little longer to build, buf‘\they are worth the effort j rn
a solar greenhouse. ‘The thicker the. walls, the greater the thermal Tass. ’

For/massive walls to perfdrm properly they must be insulated on the exterior surtace
(See Chapter IV, page 49, forgtechniques). When this is done, the walls become in effect a
structural “Thermos bottle,” ad.iating mast of the heat gained. dttri‘ngﬁthe day back into
the greenltouse at mghtq . ‘

[t-is 1mportant to remember that the greenhouse does not need to have perfect char-
acteristics in ‘all of the discussed categories to be successtul. However, if one factor is lack-
ing, it wosd be wise to compensate for this s‘ome'&wher_e else. For instance, if you decide to
build simple stud w_aﬁ_s, it is advisable to increase the amount of thermal storage in some
other area of the greenhouse. - | -
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INTERIOR DESIGN

The design of the greenhouse interior will depend in large part on your personal atti-
tude toward its use. Many people enjoy a greenhouse that provides space for activities other:
than gardening. If this is your feeling, allow plenty of room for sitting and moving about.
You may arrange the planting areas around a central living space or separate the two com-
pletely.

Most greenhouse owners prefer to make maximum use of interior space for growing -
plants. This is a more difficult d651gn problem and demands consideration of several im-
portant factors.

Access. Ifyouriwiospheré is built against a wall having an existing doorway, the door should
open away from the greenhouse area. All exterior doors are built to open out. This will

FIGURE 11

allow you more freedom in arranging the interior space. It is likewise preferable to build
vents that open to the olitside or that slide. N ’

Provide‘sufﬁcientwa]king space in your floor plan for unrestricted access to all plant-
ing areas. Plants will tend to averhang the beds. so allow for growing room. At times your
greenhouse may have to accommodate several people: one expanded area ofta walkway
will furnish the needed capacity (see Flgure 12, following page).




s

Planting areas. Permanent bedsmay be dug directly into thé greenhouse floor. If additional
depth is desned supporting sides built above ground level will hold more soil. It is impor-
tant to esfimate shadow/that will be cast from plant-filled beds. Beds locatéd at the rear of

. the greenhouse (away-from the'sun) may be built above ground level to prevent their being

shaded by front plantirigs. In the small greenhouse, optimum use of vertlca] space is essent
tial. This/may be accomplished by adding shelves, hanging beds and planters. 2
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FIGURE 12

Table beds used in conjunctlon with g g:lound beds will yield an even laroer plan‘nm7 area.
However, care should agam be taken to insure that the front planters and mb]ts do not un-
intentionally block direct suniight to those in the rear. The dbove dlawmg illustrates a
planting layout incorporating several of these features.

Including a water drum storage system into your gleenhouse w1ll require added design’
considerations from the outset. In"terms of the interior desrgn, your primary concern is the :
proper placement® of the system. Exposed water drunis, for instance, should]be located
such that they receive maximum direct sunhght yet do not shade your plants. Using. the '
‘storage drums as shelf supports of planter bases is a good way to combine’ functions. If you

plan to add thlS passive storage system later, allow adequate space in.the orlgmal design
to accommodate it.

-
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tive should be gombined in the plan. The value of this point has been proven in the Solar
Sustenance greenhouses: if you are pleased with the final results, you will spend many
pleasant hours in the environment, helping to insure its success and deriving the fullest

o

benefits from the fruits of your labor. -

- FIGURE 14
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.CHAPTER | IV | . Construction

In this chapter we will take you from the first shovel of excavated earth to the last
nail in the wall. ,Experrenced builders may want to skim this materlal [ for pertment green-
‘house information and do the rest of the building their own way. A list of toOls and ma--
terials used in burld‘rng al0Ox 16 foot attached solar greenhouse is'shown at the end of
this chapter. But'read the entire chapter before you buy or build' anythmg

If you’ve never really built anythmg before, you’re in for some surprises. Frrst there
is nothmg mystrcal about construc‘tr_on -houses, chicken coops greenhouses, airports: the..
:'prmcrples are ‘all the same. Your potentral burldmg skill is as great as any builder, better
than most, because it’s your project and you care about it!

- The‘main difference between you and building contractors is that they know how to
_cover-mistakes. Almost any error can bg” cori‘ected (or hidden). True you must stick to
some fundamentals to have a sound structure but commaon sense rather than supernatural

s There are about a”ﬁ/ousand ways to do any partrcular burldmg operatron(that S what.
perpetuates the mystrcal aura that, surrounds const1uet10n) Any expert will-give you oneé
or | two of these ways. So wr'll we, 5 Lo ‘ ‘
" . *Once you start bufl’dmga you Il find it addrctrv?We have had a’love hate relatronslnp
with it for years [t wrlL torture. your days and keep you awake n1ghts But you’ll want to

do more.  You w111 think of all thé lmprov*ements that you could make in your house and
you’ll be hooked

G'ENER_AL TIPS~

L Plan each step of construction as completely as possible. Deteranne and obtam'
materials for~ e*ch“‘rep“before l;egmnmg This is easy to say and not so easy to do. But if
you consider the amount of tlme org,anrzatron and gas money that goes 1nto a qulek tr1p
to the supply store,” you should be convmced of the need to plan ahead

3
Y

»

2. . Many construction materials come in'standard sizes. Sheetrock ind plywood, for
instance, come in4’ x 8 panels. Desrgmng the drmensrons of the greenhouse to correspond
to these standard sizes can elrmmate time- consummg cuttmg and custom f1ttmg 1t also re-
duces expensive waste:

Do not expect frammg lumber to- be the size it’s called. Those days are long
gone. For instance: a 2x4 is 1% x 3% a 1x6is %" x 5%, Also, when buying stud lum-
ber, check the length. Not long ago I bought some 8’ studs that shrunk to 7°-7%” by the
time I' got home. When I called the company,AI was told that mcludmg the top and bot-

tom-plates; %he studs would make an 8 foot wall. Well, that S true but I padid for e1ght
feet! ‘
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3. Prrces vary greatly. I shoppmg for mﬁterr@ls a few phone calls to cOmpetmve
supplrers may provide substantial sdvings. If you can get some other folks 11)terested m

- burldrng a greenhousc you can save money by making “quantity orders.” -

Arnerrcans don’t rcallze that there is no set.price on anythmg Don’ t be afraid to

./bargam shop or haggle Ask for a speual prree Get to know the manager of’ the store. Tell

:‘

I

.

‘3 but it’s difficult to put it back on. ,

that person thaT?ou e workmg on an “experimental prOJect > That always sounds mter-
esting. It may bring the store mcreasecl business if yourefrrends like your greenhouse ancl
decide to build one themselves. Supply and deniand-still functions in the building industry.
If an item isn’t moving, the* manager can lower the price on the, spot. l once got a $350
table saw plus all optlomal attachments for $200.

9

4. You may ehoose tQ use less than ““first grade’ materigls. Resawn or rOngh wood
can be purchased for about one-third the cost of finished ‘grade lumber. Useable materi-

als are often discarded; you can recycle them. Check large consftruction’ srtes salva},e yards ‘

and dumps. A note here: How much recycled material you us may depend on how much,

time you have to devote to this project. The reason most onstruction compameq buy‘

s
eve‘rythma new and in standard srzes is to save time. If you,have the time, save eash bw

ik ~

scrounomo' LT . Lo S o

# . . . : . s B
o " i (\ SEEs

5.0 In buymg maﬁerrals order sornewlraTrrrore than youfexpect to use. Th]S wrll allow'

for mistakes and” save unneeessary trips to the supplrer It\s also wise to expeet the' total
cost, of construction to be somewhat higher than your. estlmate and the time involved
Ionoer ’'m uwrlly off by.-about twenty percent. T‘hrs 1S probably why the building in-
dustry has the highest percentage’of new company failures.of any industry in the country.
When wasithe last time that you heard of a construction project being completed in less

- time and at a lower cost than the estimate?

[

-

6. Setup a staging and storage area for the matenals Plan to keep the entire burld—

-
mg areq off-limits to little chrldren and pets. There aré so many actrvrtrcs going on at a con-
~ struction site;it’seasy for someone to get hurt. '

pid

~ -1 6. ) Pl i ’

7. " In allsteps of construction, measure as accurately as possible. 1t in doubt, exceed
the correct measurement rather than cutting under it. You can always take a bit more otf

'

8 | Perhaps the @st useful pl@(,t‘ of advue tor the novice builder is to ask for ad- *

vru The elderly, experienced 5ale§person at the local hardware store may be a fund of
burldmg knowledge. Don’t hesitate to tap this valuable source.

!



- THE SITE

The site that you have chosen for the'greenhouse may demand attention befose you
can begin foundation work. In certain cases, a site that is not level can work to your advan-
tage. If the terrainslopes awdy from the exqstmg structure, for instance, you might consider

“sinking” thé floor level of"the greenhouse (Figure 15). A good depth for attached solar

EXCAVATE . _Flv

{ ; o
p , \
y N | | \ | ,
¥ Y : ,/I

) ‘3 . K FIGURE 15

greenhouses is the same depth as the home foundation. One of the main reasons for exca——

vating is to lower the “profile” of the unit so that it fits beneath the ex1stmg eaves of the

house. Smkmg the greenhouse will require more excavation than simply leveling the site,
‘but it can result in more useable vertical space. Situating the lnghest point of the graenhouse

interior d1rect1y adjacent tg a house window or doorway w111 alsomupp]ymore useable heat

to the home. ‘ T

- If the ground slopes latepaily to the side of the house, you may wish to des1gn a split-

level floor plan rathér than levé' e entire site. Whether split- levgl, sunken or used in its

A
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’ exrstmg state, the site should be relatively level (51de to side, front to back) before beglnnmg ,
foundation work. ' . = R Pt

The excavation depth tor a greenhouse is determined by several Tac,or:s, Many people T

have the misconception that if you d1g a little way/mte’the earth the below-grade soil |
W1ll be thermal storage. Actuall//orle/rrrtrsfgo down a“considerable dlstance below the *
frost line to/r,cmchearth’rﬁafwould constitute a heat gain for a winter greenhouse. _
Pt greenhouses’ or grow -holes™ are based on this principle. They are dug out sever-
al feet below the frost line to enjoy-the benefits of the earth’s thennal storage. We have
‘observed- that grow-holes perform shght]y better than-solar greenhouses only/Z

lextremely
cold weather (below -20°F -in the New Mexico® regron) -

To achieve increased: pertormance in a prt type of greenhouse adjacent to the home,
you might have to dig down several feet below the foundation of the dwelling. This is not

advised. If you have an existing deep cellar or basement wrth strong walls and good drainage
away from it, an,attached grow-hole might do quite well. The hot air in the apex of the

. greenhouse would enter’low int the home and. the cool air in the basement would be circu-

lated into the lower part of the greenhouse Tiie’ problun is that any design of this nature
would require extensive excavatlon landscaping and- 1thorough know]edge of the stxength
and condition of existing walls. It'is not a reeonnnende\d project for novice builders.

THE FOUNDATION

.
\\
A

The_found\a.“tirnr of 'any structure is one of its most important elements. [f it is built
pr:operl-y;}n'any future problems will be avoided. Careful measurements for the foundation

are esse’ntial We will assume for the purposc of these construction steps that you are build-

ing a greenhouse with a reetangular floor plan and that you are attaelnng it to the home
For the tools needed, see the list at the end of the chapter.. o

»To determine the ninety degree corners oft-of the-structure, place one edge of your
frammg square against the existing wall and extend the other®dge with a string (see Figure
16 on following page). Stake the string.at.the drsitance you have determined fc for the outer
boundary of\the greenhouise. After repeatmg_thw proeedure for the other’ end wall,/n’ea—
sure to see that the two strings are parallel (“A” to “B” equals “‘C” to “D”"). Connecting

‘the outer perimeter stakes should produce a reetang]e (“A” to “C” equals {'B”” to “D").

To double check your ninety degree corner angl% see that the dragonal measurements are
equal (™A™ to"‘D” .equals “B” to “C™). Ry S
We. w1]1 “describe the poured eoncrete/rock\type of foundatrion because it is widely

Along the perimeter of the greenhouse excavate a trench to the desired width and

depth. Make it. at least 4 inches wider than the walls of Lthe‘greenhouse and at lea’st .

28 | .
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" FIGURE 16

16 inches deep (if a massive waH_(’s) is planned). Drive stakes into the trench at 6 to 8 foot
intervals, leaving 6 inches of the stakes exposed above the bottom. of the trench. Check

that the trench is level by laying a flat board fronf the'top of the highest stake and taking™

a reading with the level from there. Do this around the perimeter of the trench. Fill when

" necessary ; then smooth owt the sidesand bottom with a flat-nosed shovel. To double check

Ihe level ‘we recommend

/

: | The Old Carpenter’s Water Trick ~ ~

So, you want to Lheck one end of the foundation trench w1th the
other. You don’ t have a transit and the 2x4 won’t bend. Get a trlend
Then take a regular garden hose and lay it in the trench. Drive:stakes
in the end corners; each must be exactly the same height from the bot-
tom of the trench. Holding the ends of the hose flush with the top of

« the stakes, fill it with water. If the exttemes are level, the water level
at-each end will be equal , o ‘\ '

E



The beaﬁty of this trick is that it will work for an); length and over rough terrain
(with a couple of people and plenty of garden hose). Of course, the hose ends have to be '
held higher than any point in between y ' ‘

After the trench is dug, leveled and cleaned out, keep all Jnterested gawkers away
from the edges so they don’t cave in the sides. =~ & '
Before the foundation is poured, the outside an;& bottomof the trench should be in-

sulated with 17 or more of rigid styrofoam (see Figure below). Cut the panels to size and

g\'%/RO?[\A"( N ,
_Z_A/S‘u///O/f //‘L]‘)/,

.m ’

Py
v

FIGURE 17 -

fit them. into the trench. They can be temporarily propped in élace until the concrete is /
poured. Another method <»of insulating the perimeter is to wait until the foundation has
been poured and the concrete hashardened; then diga trench around the outside of it. Line
the trench with sheet plastic and fill it with sawdust, dry pumice or styrofoam beads. En-
close the loose insulating material with the plastm to-keep it waterproof and cover the trench
with dirt. :

Another prepouring step is to'insert reinforcing material in the foundation trench. If

- you have to meet stringent building code requirements, this may be mandatory. “‘Re-baf*

or “re-rod,” as it’s called, can be used in 1/2” or 3/8” diameter. It can be bought and cut

to length at any building supply store. Two lengths of re-bar are laid along the bottom of
- »» ~ iv - - .

@
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the trench about 8 to 10 inches apart, supported 4 to 5 inches off the bci.t‘tom by rocks.
Ends that meet are lashed together with '\balin_g wire.

I've poured foundations with and !without re-bar. 1 often throw asdlmf‘py river rocks
as I can find (5 to 8 inches in diamete) into the bottom of the trench am*f forget about
the re-bar, I haven't noticed any seftling or cracking in the foundations ['ve bmlt this way.

The re-bhar or no re-bar question réminds me of a typical bureaucratic, hassle over the
recent bm]dmg_ of adobe homes in Ngw Mexico pueblos. When the government engineers
finally approved adobe for Indian housing (the all-adobe 'I‘uo's pueblo has only been stand-
ing fora milannium or s0). they stipylated that re-bar be inserted in-the vertical walls every
several feet. A Santa Clara l’uublo l/nu]d of mine said, “Isn’t that going to frustrate the
dr«.hCOlOLI\T\ a thousand ycars from now? icy Il wonder what all the little red holes are
doing in the .middle of those mud walls.” 1t’s probably tmo that the adobe walls will be
standing when the steel re-bar has rusted out. Suit yourselt dbout the use of reinforcing bar.

~

It’s a good idea to bring the foundation above grade (3 or 4 inches). This automati-

cally eliminates some drainage problems and is definitely necessary if frame, adob@ or other

water-soluble materials are UOmg to be used to build the walls. //

FIéU,RE 18 PHbTO BY KRISTEN MACKENZIE ‘
Old lumber can be used for the forms to restrain any concrete-that is above grade. Most
anything will do to secure them in place: large rocks. blocks. stakes, wire. Be sure the forms
are the right distance-apart and well braced so, they don’t spréad with the Wweight of the

concrete (see photoabove). Anyone who has worked with concrete cantestify to its weight.
e N o N - S
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ane you’ve had the terrifying experience of seeing a large mass of wet concrete start
moving toward you, you’ll always over-brace forms and wire the braces together\_

e -

On the inside of the forms, mark a level line for the top of the foundation. A chalk
hne works well for this. Make the line about 3" above the actual level to which you are
gomg to build the foundat1on so that it doesn’t smear when the wet concrete is bemg pour-
ed. Thisline is a convement gu1de for a level pour (Figure 19). Another way is to chalk line
the exact level and height, and drive nails halfway in along the line. Tt ns gives an accurate
guide.

"' '*”"«" ,,,
| TR / ,
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FIGURE 19
The fast way to pour the foundation is to have the readv -mix concrete truck back
up to the site and’ dump it on you. But often the concrete companies won’t deliver in
small quantmcs or the site is impossible to reach. In that case you have the option of buy-
ing premlxed dry bags or making your’own mix from cement and sand. If mixing your
own (much cheaper), a Standald concrete recipe is five parts, sand and 3% gravel (mixed
equal Iy) to-two partg d]y Portland. and water.
This is a heavy job so line up a few friends. The cntlre touﬁdatlon should be poured
at one time. YQu don’t want to have seams from two or more separate pourings. N
So. you're ready to do it. Sand and gravel in place, Portland bags stacked, shovels in
the ready position, wheelbarrow greased, beer iced down. Consistency is what you want
in the mix. It should not have dry cftnnps or an overabundance St any ingredients. The
mix should be wet without being runny. If you pullza hoe throygh it, it should make nasty
noises. When, thc mix is just right, it reacts like Jello when patted .with a trowel. Nice
stuff, ;' '
Start dt jone end of the trench and work around. Aftu a load, usually a full wheelbar-
row, is dumped spread the concrete along the tlenéh Push and work the mix down into
the trengh with a trowel. Don’t be gentle. You want to avoid holes or pockets in the



foundatlon 'Keep adding loads 6f concrete untll you~ve nearly reached the ]evel hne or
marker estz%bhshed as the top of the foundation. '

As you work around the trench, pat and smooth out the top of f1nlS§hed areas. After
the cement begins to set up, insert an anchor bo]t (scfew’ thrgads exposed) for sections such-
as low door Jambs that will be- framed above the foundation. With a squdre make sure
that these bolts are perpend1cular and in line with where the plate wilt be and-that you’ve
left about 1% inches extending above the poured foundation (see Figure 205’ The plate,
which we will talk about in various contexts throughout this chapter, is not. somethmg on
‘which dinner is served. [t is a piece of lumber, in this case a;2x4. The foundation plate-pro-
vides a base for the frame walls of your greenhouse. The top plates give vertical studs and
toof rafters somethmg to. hang on to., In genelal plates serve as welght supportmg members
of any frame structure. - o -

Note: clean your tools. nnmed’lately after use or they’ll never be the same. If for some
reasoi you have to Teave a'Toad in Tthe wheelbarrow or mixer for a short time, - pour a small
amount of water on top of it and cover as tlghtly as possible. This also applies to mortar
and plaster mixes. )

After the pouring is done check to see if any areas have suhk, and mal\e sure that
the above-grade forms are secure. When the concrete has set up or hardened (usually w1thln
three or.four hours), spray it w1th‘ a light mist of water or cover with wet hay or straw.
Tlus prohibits rapid evaporatlon that mlght crack or weaken the toundat,lon Spray it every

s

few’hours for the next'day Or,two,(don t bother at nlght) sy A N i
When thef"foundatlon has a. fechng of. permanence the forms’ ean be 1emoved Clean
well and reeyele them- mto shelves, tzg_.bles or bed franies, for the grtenhouse Titerior.
There is a way o avoid laying a foundatlon undP the frame portlom, rn glve it to

you. as ‘an optlon This method is eommon in large LO]lllﬂElLlal greenhouse construction,

\
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and might be useful if you are in a big hurry er plan a tempofary structure. Level the
ground where the fryme walls will be. (Don’t dig a trench;“j\ust level the'f:earth.)E Wood
plates (I've used railroad ties) are laid directly on two inghes of sand and staked in at 3 to
4 foot intervals. The stakes can be metal or wood but should be at least 36 long. They
can be screwed, nailed or bolted to the ground plate. The wood should be treated wath
copper naphthenate as a preservative. Don’t use fresh creosote or pentachlorophenol (“pen—
ta”), as these chemicals give off fumes that are noxrous to plants See Frgure 20.
‘Whatever foundatron method you choose, the most 1mportant considerations are:
1) Isthe welght evenly distributed? ¥ '
7) Is the foundation level‘7 » e .
3) erl the water draln away “from it? , .
If these criteria are met, the-foundation will be functional. .

MASSIVE WALLS

. When the concrete in the foundation has cured, you can beg ,
masonry walls: Different types ofmasonly construction call for differéf jtrques Let S
use hollow pumice blocks for our example. (Basreal]y the same techmque apphes to build-

ing brick or adobe walls except that.you can use mud for mortar in the Jatter case.) The
~ standard size” pumrce block is 15 long x 7'2” high x 7% wide. (They also come in half
blocks and about every other size and, shape imaginable. ) For estimating the amountpeed-i
ed, use the dnnensrons 16” x 8” x 8" because of the added spacg to be filled by mortar.
" Before makmg your estimation, determine the exact size and location of any vents or
" doors in the walls. They must have aJamb or frame built around them, %nda that lumber is
usually one and a half inches wrde« Include twice that width (both SIdes) in your calcula-

.

‘tions. ) -+~ _ 53

“'\ 7

‘ { like to avoid openmgs i masonry . walls whenever possible. They involve a preC1—
‘sion and degree of patience ‘that 1 often lack Tt’s usually easier to locaté vents and doors
in areas that will be frame. : : =
‘ As the dlagram inFigure 21 (t‘ollowmg page) shows the hlgh ‘vent is set in the eastern
frame wall (““A”’). The low southwest vent sits on the masonry wall (“B”) The lowest part
of the door is set in the east masonry wall (“C™), the upper 4/Sths in a frame sectron .
When the size of openings in.masonry walls is determined, the estimate of the totalm
_»,,_number of blocks needed can_be made. Determine the square footage of the walls and esti-

mate one block per square foot plus 10% tor cutting.-For our example I’d buy 80 ful‘l
-blocks and 25 half blocks. - P

.- However, if you’re havmg problems makmg the necessary calculWhat
;-Jelderly, experlencecl\salesperson we mentroned earlier. erte the-drmensions ot the walls
‘ (wrth/ doors and vents flgured inyoma- prece of paper ‘and go to your local hardware store.!

Odds are you will get all the' help you need and SOme good advice on the side.
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‘mid ¢WM| Ity quite—tragte-and—easily_br

and std\kxthcm Larcfully If you,do have leftovers, most reputable btuldmg supply stores
on items returned in g,ood condition with a rcuupt

g laying blocks is made with mdsomy cement and scre¢ned sand:
SY2 parts screened sand : 2 parts masonry: | part Pm’ﬂiind

will refund mo
The mgrlar use
The standard’ proportions, dre.d

You may want to order more than we’ve estimated. Maqomy blod\s look rather for-

heapvatHaomdlc—

B
Mixing equipnrent is the same as ft}L the foundation. Small amounts=ffe made as needed.

A large triangular.trowel is used to spre ?‘f\ 1¢ mor tar.
To lay a pcrfectly straight and level blo‘d\ all,
outside edge of each corner of. the stracture. Mtukq‘a?

intervals. Poles and marks are checked against each other with.

indicate the top of each layer. Faar s the precise way to do it.

§ Anothcr me thod is to slmply bc;:m laying the blocks, checking-for-level, ﬂa nb,
straightness as you go In an area as smallas our 10 x 16’ example, thls should be sufficiehts

Y
level. They should all be at gxaclly the same lcvcl for each coursesqf

poles can be erected prcuscly at thL
made up the poles at 8 vertical .~

heavy twmc and a string

blouks, and they
TN

T,

"’\

Ry

Lay tlu fnst course of blocks all the w way around. Check for squm e on the corners. Now, S

1

L

v
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- using the leVel ‘build up several courses of block at each Eorner. String-is stnfmg—between'
*corners and stralght ruiis- laid down to the string. Checks for vertical can also be made w1th
a carpenter’s level or plumb line. If vou’re néw at this kind of work. don’t trist venr eve
too muclr

_ " Have you ever watched an expenenced mason building a wall an¢seen*the Beautiful
fluid movements he makes? A quick scoop of the trowel /plaees a glob of mortar.-on the /
edge. The mason flicks_his wrist downward, a m1croscop1c spasm, and-the-mortar adheres/
to the blade in a flat, compressed mass. A long thin line of cement is spread along a four-
_foot edge of the existing wall in the next 9}roke Another similar motion, backhanded, lays
it on the.other edge of the wall. The third trowel of mortar is applied in fast choppy slaps
to the center ridges. The new blocK i is picked up and-hit with mortar on two vertlcal edges,
and wham, in it goes. This takes about six seconds. Like afinely tuned human machine,
" the mason progresses along the wall with the speed, economy of movement and accuracy
found in downhill racers and basketball centers. The only thing-that slows down a pro like

— thlS are. scaffold movers and unions.

~Pan’t expect to match this degree of sk1ll Try to put a uniform thickness of mortar
(3/8 to 1/2 inch) on all seams Any way you «can get it to stick to the blocks is crlcket
~ Try putting a small amount: -on the trowel and scrapmg it off with that downward and out-
ward motion. If you can’t get the knack of tH1s put a larger amount on the trowel and
shake it over the edges. I resort to my hands occasionally. “Seat” (firmly tap down) the -
block with the handle of the- trowel It should be?evenly supported by mortar and level
when it’s in place. See that'the seams ale staggered,\\not one directly over another.

- A method used to “‘tie-in” a new masonry wall to an existing structure is to bend a
small (8 X 10”’) piece of metal lath to form a 90°a ngle and fit this between the new wall
and the home wall. Tack the lath securely to both wall\l Lay the mortar and firmly seat the

~next-course on top-of-the-lath, pushing-the block tig ltly to-the-existing wall. This shoulgt
- be done three or four times in a wall as tall as the one in our éxample, the 8’ west wall

When the block walls are up to their final height, fill all center holes in ‘the bloel(s
with concrete (the same mixture. you used for pouring the foundatlon) This strengthens
the walls and adds mass, heat storage capability, to the structure. ‘Before the concrete dries,
insert anchor bolts where the frammg plates will be’ applled to the top and- sides of the walls
(see Flgure 20). h ; :

When all the masonry w’zﬁE’a;e up, relatlvely stra1ght level and plumb it’s a good time

to have a celebration. You can finally see and feel the results of your br«a1,n and muscle
work. The hardect nart i< over-Fniav it! ' :
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FliAME WALLS (CLEAR ANp OPAQUE) o e

As stated earlier, a frame wall does not have any appreciable mass; therefore it cannot
store heat for a structure. HoweVer when properly insulated, it will keep the heat in and it
is often Justrfred if other heat storage is planned In the d1agra1n in Frgure 23, page 39 we
'show frame' walls for purposes of illustration. - .

The dragram also indicates that the vertmal frammg members (studs) in the clear-wall
_sections are erected at 47 inch intervals (measured in what’s called centers Centers are deter-,
.\mmed by measurmg from one edge to the next edge oy the same side. ) The fiberglass that

we recommend comes in 48” W1dths The 47 center allows for overlapping the panels.
Studs in. the solid frame wall are on 24” centers as are the roof rafters. All corner studs
and upper plates are. double- w1dth(for addedcst.r:ength—Aseale drawing-of your greenhouse
using this type of specnflcatlons will help you estimate how many 2x4’s of various lengths
will be needed for the rough frammg Add the. total linear footage of doors, vents and hori-
zontal nailers (frrestops) to the estimate. Add another ’70% We ve supplied a list for this
10 x 16 foot unit at the end of the chapter. — « _

Youlll: save money by having-as few leftover scraps as possrble Thls is accomplished
by makmg all- pr1nc1pal trammg members slightly shorter than an even number. Hence, if
~the stud in the south wall is 7> 107 high,’it can be cut trom an 8’ piece. On the other hand

if the stud is 8 1" kigh, a 10’ 2x4 usually mt(st be purohased ‘and you’re left with a 23 .
scrap. At current lumber prices, that’s sinful. In your scale dlagram make the leng,ths come
out ecopomlcally Do this by shghtly changmg angles and . dnnensrons in the drawing until -
,1t,mofks T you just can’t make it come out right, then plan to use the scrap lunrbgr for
tables, shelves, boxes, bed frames or other thnws A 23> scrap, for mstange, could be used -
for a f1restop in the sheathed (salid trame) wall. ’
; It’s 1mportant to get a proper dollar value for your lumbe1 As with most things i in.
life, you-do this by choosmg it yourself S,ervrce personnel m the lumber yard are usua]ly
‘happy to let you choose and-load your ord\er Occasronally it will be ““company pollcy
not to let the customer look th auglt thc stOck Don’t do business with a company like
ﬂthat

Hold up each stud and look down the entire length for stralahtness ltshould not
be'warped, twisted or badly bent/ A sllght curve is to beﬁexpecteemtls@lledbthe;erewnwé
1t you are holding the stud onlts edge yQu can easily see the crown. The crown is not to’
be confused with a bow in the broadsrde &%«the lumber whlch, if it’s slight, can be taken”
out in installation. In constructlon the cro (ns should all' face the same way on theﬁfWalls
and, should always be arch-up on tlie roof. '

Next, check the stud for clearnesrBeequmuﬂber of knots? Relect
it. Does it have heavy ‘‘pitch” “sap” areas? ‘Reject it. Soundness can be tested by
tapping it against a solid object. The stud should sound firm and full, not tinny or dead.
When making all ghese tests, carefully place the rejects back orn the-pile or the yard
people will never let you-do it again. L:ately, I get About a o'ne-otlt-ot‘-five/acdeptable ratio
(that sheuldgﬁfesomeﬂide\a of how much lumber you’re moving around). Stud lumber;
No. 2 common grade, won’t be perfect, but get it as ,straight,‘clear; and dry as you can.
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After all this trouble in selecting the lymber, be sure to stack it fTat and keep it d‘ry when

I

I >

vou get it home.
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FIGURE 22, PHOTO BY KRISTEN MACKENZIE

r

Loty begin by framing up thefront tace. First, vou have the option ol framing the

.

prefab™ o the eround (see Frgure 220 above). This decision

Swall in pl;icc or building it
is mostly o matter of personal preference, We're woing to prefub the front face in our ox-
amplesand frame the side walls in place. '

In the diagrant on the following page. Figure 230 the length of the rool and founda-
tion plates Ctop and bottom framing members) is exactly 167 (No. 1), The top plate should
be double 1o prevent bowing under the weight of the rool. So the first step s to nail
the two 2x4's together with To-penny nails, Place the 2x47s tTush and drive the nails in at
an angle so that they don’t protrude from the wood,

C Lay the plates thottom and top) on the ground and mark them where the vertical
studs (477 centers) will be attached, Corners should be double-width (No. 2): use dxd's

v . . Sy . .
or sandwich two 2x47s together with 3/87 plyvawood or wood lath in between to bring the

dimensions to 477 x 477, e

e,

The next stepistocut the fTumber to the appropriate length. In ourexample. we have
seven studs cut to 77707 With the plates, this makes an 8™ high front tace.

Now il the south wall is to be vertical, the cuts are square on cach end ol the studs,
[n our example, we have tilted the front face twenty degrees to make a seventy degree slope.

(With any tilted south face. the bottom angle to the foundation plate will be the ditference

™
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between the south face angle and nlnety degrees.) All we need to do here is ma(rk off twenty |
“degrees from a ninety-degree cut. Make the top cut parallel-to-the bottom so that you have

a*horizontal surface for the _top plate. When the studs are cut, nail them at the marks to

the top and bottom plates with 16- -penny -nails. Note always buy hlgh quahty nails.

FIGURE 23 *® :

The south panel can now be lifted into place on the low’ front wall. Th1s will take
several folks working in unison. In order to precisely mark the Juncuons of the anchor
bolts’in the low. ‘wall with the bottom plate, gently lower the prefab frame structure into
its permanent pos1tlon While several people hold the framework in place, one particularly
aggressive type can pound on the Jplate with a hammer dlrectly gver the protruding anchor
bolts to mark their position. Take the fate off agam and drill holes at the indicated marks.
The front face can then be installed on the wall/temporarlly braced and bolted down.

At this pomt put up a few rafters) (No 2) for braces, the ones on the corners, and a.

couple )Lof others~(ﬁlsc—>-~see -Figure-24{on following-page:). Nail them’ down to the top




, S~ .
front face and to the plate or rafters on the house side (see next page for in-
structions). This will give the structure stability and give you a chance to see the outline
of the greenhouse

plate of the

When you have finished attaching a few ralters, take a break. Stand back
and atlmire your work. '
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The next step is to cut and place the lower plates on the east and west walls (No 3
Frgure 23). Bolt the plates down, To connect the frame walls of the greenhouse to the
home, a stud is securely “tied-in” to the home wall. It shou}d frt snugly from the. bottom

" plate to directly under the rafter plate (No. 4), ! S . \ '

Y ou now have a funny shaped “box”’; that i 1s the perlmefer of the east and west walls to

- fidl inwith framing lumber. We’re going to divide that box w1th a plate that will also serve as

“header for the' lower frame walls (No. 5) On the east srde the plate can also be the top

of the door frame. Hold a piece of lumber-level across the span and mark its intersection
with_the front face. On the west, it sits on the massive wall for the maJorrty of the span.
When the pieces are cut, nail them into place s : : )

_ The éast and west walls can now be framed in place Remember the clear sectronsﬁ
wrll have 47 centers. The insulated walls will be framed on 24> centers (No. 6). The easi-

. est way to do this is to mark the bottom plate at theé intervals where the upright studs are
| ' to be nailed. Take a carpenter’s level and hold it agarnst the side of the first stud. Keep the
base of the lumber-on the bottom mark and get the stud exactly plumb. Then mark the

pornt of intersection of the stud with the header on both the stud and the plate. Cut the

‘ stud about 1/16” longer than the mark you’ve made. I D o

" All frame walls can be constructed in this way. It’s easy and it’s fast Toenall (drrve

nalls in at an angle) the studs lin as you-go. When thestuds are cut, “fitted, and. narled I

stall horrzontal spacers (No. 7) and the vent and door plates (No. 8). Make certain: thev're
level, and narl them in with 16-penny nails.

ROOF RAFTERS

With luck you ‘will_be able to tie the roof rafters of the greenhouse into the existing
rafters of your home. If not, attach a 2x6” or 2x8” plate to the wall of the house as a base
for the rafters (No 9).- Expansron bolts or large wood screws are used to get a secure tie-in
to the wall. Don’t scrimp here. The greenhouse roof must bear its own werght plus, in many’
areas of the country, snowloads and the addrtronal loads of snow sliding’ aff the roof of:
your house. L e \ N - , : : :
--1 The rafters fora short span (under 10 feet) can be ’)x4 S or ”‘x6 s set on 247 centers ’
For longer spans use heavier lumber or put the rafters on closer centers,

. Shallow notches are cut in the, wall plate or joist hangers can be used instead. The
rafters are toenarled to it at these po1nts At the intersection of the rafters and the south
face top_ plate; very shallow. notches (cal_l_e,d “brrd"!-mou_tl ’ notthes) are cut in the bottom
of the rafters 80 that they will rest snugly on the plate. Again, toenail them in. 1

- Putting up the rafters (and the roof) can force a person into, some pretty strange acro-
batrc—contortrons 1 would Cautron you that erght to nlne feet up in the air is- hrgher than
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about on the ratters or the roof (even for a moment or tw, /) _
When all the rafters are in. p]aee’ mark th@nntelseeté_;gi the clear roof with the insu-

ldtLd roof areas. Use a chdlk line to do this (see Figure 28, page 46)=Lo determine that

Junctlon in your unit, use the charts as expl"alned in Appendix A. It will usua%e&bout

—halfway down the rafter span.

PAINTING.’THE FRAME

Rdfters and hdmmg lumber can be treated in more humid climates. Copper naphthen-
ate is 1'ecommmde . Somie paints have a preservative in them. After it’s been treated, all

FIGURE 25
framing lumberfthat will be visible within the clear walls and ceiling areas should be paintec

‘with a glossy white enamel or latex (see Figure 25). This will help 1eﬂeet light into the
greenhouse and also enhance its appearanCe



CHOOSING THE cu;:A’R GLAZING

de1t10nally gla%l 14as bem used for the clear smtaces in gleenhouses Due to its resis-
tance to lngh temperatufés, glass is also used cxtcnslvely for covering solar colléctors.

Prdabncated sheets of double- ldyucd glass are avallabla from major manutfacturers and.

‘may be .purchased in various sizes. Many types of slld;nv glass doors are also double

glazed‘and can be used in the greenhouse. The obvious advantagcs of glass are tlut 1{ allows

a view to the outside and is highly resistant to the harmful eflects ot wmlhcrm0 Tt is,

however' easily broken and demands extreme care and tec ml_ull skill in msldl]dtlon.
Technological advances in the de- ' o

sigh and manufacture'of plastics have pro-
duced important altétnatives for the

greenhouse builder. Some types of semi-
rigid fiberglass/acrylic sheeting are guaran-
—teed for 20 years,to transmit enough light
for photos&nthesis. Howeveq;-/il"iberglass
can become cloudy or_browi |

of ultraviolet ray damagn( bloqsommﬂ )
Tedlar coating. for instance, has an ultra-
violet retarding Lhdmatcmtlg that helps

greatly to preséwg the clarity of the plas—k"

tic to which it is applied.

amount of

~ Fiberglass transmits nearly the same
light as glass. evén though

it’s “transhicent rather than clear {see

Figure 26):

omm ended
ly mSld”Ld

Flat fiberglass is re cadily attached to clear-
wall frames with rubber-gasketed nails or -

lath strips.

Corrugated p]u‘;tic' is rec-
for clear rool” areas; it is easi-
and resistant to l]dll damage.

I recommend the use of flat

fiberglass on all vertical and.near vertical

1 as a result

"FIGURE 26

PHOTO BY KRI’STEN MACKENZIE ’

surfaces. Flat material has a 20% qmallér surface area than LOII’LIUMGd theretme far less”
area for heat l‘oss The quality of light transmitted through hberglass 18 d;ltuse It doesn’t

give the sharp, clearly dclmed shadow areas of glass. This is benet ficial to phdnt growth. The -
~-cost per square foot of new fiberglass is LOHSléeldbly less than the cost ot mnew glass:

/

Tsjele is an ecological question concerning the use of plastics in gcneral Plastic is a

])(.trO(,hel’nlgdl product and is not biodegradable. The supply of pt?'[I“OL]‘lle(,dlS is dwindling

‘- rapidly, and the atmosphu is becoming polluted by petrochemical wastas Nondegrddqble'
]')IOdULtb also constitlite a torm of pollution on the earth. ' 1 .

[ feel that our only hope for maintaining an ecological balance on thc arth depends

on a thoughtful. positive use of modern teulmology and its products. bLllQVG that. employ-
ing fiberglass and plastics in your g1 eenhouse constitutes such a use. Many people are con-
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vmced that solar energy is the obvious fuel of the\future Further experlmentatlon w{ll lead
to advances in the efficiency of solar collectlon\storage and transnnssron Tt Is xgrobablef
‘that plastic products will become essential to the\productlon of solar energy QOmponents
"1 suggest, therefore, that the intelligent and caref 1 use of plastrcs in the greenhouse w1ll
serve asavaluable example of how to put our t0531l‘<(uels to benetrclal use before they are

- exhausted.

CLEAR wALps—“

Havmg btult and pamted the frame walls, you are now ready to install the outer layer
ot f1berglass Most of the products (Lascolite and Fllon for example, brands we’ve used and
can recommend highly) are sold in 4 toot wide rolls up to 50 fcet long For this reason ‘
we suggest that you install one 4 foot panel at a time. Begmnmg at one end of the frame -
wall measure the helght of the section, caretully After measurmu and marking’ the material
with a felt- tipped pen or razof knife, ¢ut the section with. sharp wire-cutting shears. Apply
an even bead of sealant, srhcone or butyl rubber to the wood frame you are going to. cover.
With two or rhree people holdmg the edces of the plastrc ahgn 1t4n front of the franie, lt
1shandy to make correspondmg marks lon the fiberglass and the wood frame to aid in ahgn{j
ment. Nail the top edge to the upper frame member in the center Use a gasketed nail; do
not nail it in completely Check to see that the sides and bot.tom will fit properly Na}l the
outside edge in the center (again, halfway m) Pulling shghtly on-the remalnlng ‘two edges
(bottom and insidey, nail -them temporarlly in the cefiters of the frame. You can use flat-
headed 17 nails tor\ the inside or leadmg edge or 51mply lay it on with no nails. The next
section of plast1c wrll overlay it and.must t1g snugly. The rubber- gasketed nail heads- pro-
trude about 1/8” tlom ‘the wood and. would cauge bumps in the overlaid plastic. Nail the
material down to. th,e horizontal braces first. Then pulhng dragonally on.the tour corners
of the sheet, putin narls approxumltehf/ﬁmghe&apaxtand—angle—ﬂremoutto—pumenslon
on the sheet. Work the bulges out of the plastic. trom the centgr to the corners (see Figure
27 on next page) If a major bulge has developed’ try to detect it early remove the tempor-
ary nails and’ realrgn the sheet B ‘

__Thereare two very expensrve iterns used in; thls method srhcone sealant and gasketed
aluminum nails. Lately I ve used a cheaper method that l behevc 1s;ust as effective. Check
and motnt as before. Don t use any srhcone sealant. Gef small galvamzed nails and drive
them into the flbervlass about every six inches. After all panels are up, gover edges' and

overlaps Wlﬂl thin (% "X 12”) wood lath. lfthere are any bulges or leaks, they can be sealed
‘with regular caulk. : e .

. After cutting the second panel lay another bead of adhesive over the leading edge and
the top and bettom Proceed as above, overlapping the second panel by 1 mchon the
“edge prevrously flat- narled /Use nar/oto attach the overlapping section. Follow the:steps
given for the first panel, again- u/sing 1> flat-headed nails i in the leading edge to be overlard
by the next panel Forivents ﬁrd removeable panels install the trberglass on the ground

e
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o FIGURE 27

PHOTO BY KRISTEN MA(,KF_NZIE o

The irregular shaped p{lml\ in the corners ob the castand west wall are sized by culting
a rectangular piece 1o e the Tength ol the frame. Hold the picee up Lo the panel and mark
B ' , , 9 . : ‘
the shape with a chalk tine. Save theaseraps for other irregular shapes and, vents,

“ROOF INSTAELATION™

Spanners (No. 7 i Fagure Nou Za, page 3Y) Ke Those used between the vertieal wall
ml\\wll be nailed Iul\\un lhc rool ralters to reecive the umuulm d plast ic and solid rootf-
nwmalunl Be stre to toenail-in i straight row ol thyse spe Inners along the hine separating
\lhc clear lvmm the solid root (Figure 28 page 40). I all other rootf arcas. the \|nmmf\ can
be staggered for case ol nailing (Iigure 29, page 40). They shiould be spaced up dind down
the ratters at three to tour foot intervals. ’
‘ You are now ready to install the corrugated clear rooling. One sheet off corrugated s
held in place at a corner. Align it carefully along the bottom and Side cdgcs‘. The rool can
overhang the side two eorrugations and the bottom about 67 unsupported. Get it “true,”
that is, perfectly in line. with the rafters and plates. An out of line l'irs‘l piccc?x\'ill throw the
root whacky. When yvou've got it right, tack it down umpomnl Cat the top. On lhx bot-

NS



FIGURE 23

FIGURE 29
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tom plate under the trberglass msert g corrugated seahng strlp I recommend the foam
type but redWood or rubber will do tlne , , . ] -

" Now nail down the frberglass every 3 to 4 corrugatlons with gasketed nails to the
bottom plate.and rafters. Nail_into the high ridge rather than. the valley This will prevent‘-«
water “seepagé through the nall hole Overlap the sheets at least one and, if posSIble
two corrugatrons and continue across the “cleararea, JAn this manner. Dor't nail the top edge
(tor be overlapped by the opaque root) yet. The anly real trlck to’ nall;ng into trberglass is to
(have a steady hand and a good eye. A m1sscd hammer blow ca\n splmterfthe materral leavmg
an twly opaque mark (to say notl 1ing of the damage to your thumb)

The solid roof is mstalled next. 1f plywood and composrtlon rootmg,-materral is to be.
used lay a strip of corrugated moldmg across.the top edge of the clear/solid root Junctlon
Mll the plywood sheets onto the ratters overlappmt, the. foam strip and the clear roof ared

by 3710 4 inches. The foam moldm;D above the corrugated ‘plastic will cr’eth\’%trght@é
‘against heat loss. You can now apply your col'nposrtlon shingles or other lootmg, mat@‘mar
over the plywood ' t R S ;

Vents in the rooll’are no,L recommended for any but\tht most experienced bLuld 1 It
s extrtmely difficdlt to seal them against air and water leaks1f you have the knowle dge
build. a/ “boat hatch” type'vent of lx4 s that extends dbOl t 7” ‘above tlreJoof Fit the vent

that it lays flush on the lx4 box RREE . o T
V,In Mexico-a, common rootlng n)aterlal s conugated 5alvachd steel It is xela-
Lt1vely cheap easrly i led andmarntenance free. If you use metal, no plywood~1sneeded
Simply al15n the cor rugatro\\’? Ot 1 alvamzed Wwith those ol the pldSth (they, mirtch) and
nail it down to the rafters and spa"‘nners Agam

(on a rrdge and over a rafter or spanner) and strike sohdly with-a hammer. Weat: ey
tection -‘l

THE INTER IOR PLASTIC
S1x-m1lhmeter polyethylene (with an ult1av1olet mh1b1tor) 1S suvgesttd for Lhe\mterlol

‘“clear walls and roof ar€as. It is susgeptible to vyeatltenng_, but will'be pr‘%tected by thefiber-
glass outsrdeéayer -it*should last three o five years before h“avina to b 'replaced I ve us\ch
both Monsanto 602 and Tcdlar AT - "*

f\ The thin plastic lS more easrly installed than the outsrde fiber acry) ic. Large sectlons
of clear area can be covered at once. Using scissors or a razor knife, cut«ohitthe sections to
be attached Make your cuts at least 3 inches longer #han. measured.-With three or four-
hel\ers\holdmg the extr31111t1es of the sheet ‘begin staphng aloﬁg the center ost stud. Work
outWard toward the srdes and- corners stretching the sheet as staples arg driven 8 to.10
inchés apart. Wood- lath (/47 x 1)4”) is narled over. the plastlc -sheeted studis with tmlshrng

nails to produce the fmal bea\ You can stam or paint the strlppmg to make\it more attrac-
tive.

AT



INSULATING FRAME WALLS
4 - ¥

_ Solid frame walls. can be insulated witha w1de var1ety of materials. Rockwool fiber
Mglas styrofoam polyurethane, pumice and cork are all excellent Foil- backed msulatlor
stops a lot of radiant heat loss through the walls and acts as a vapor barrier, but it can be
prohibitively expensive. If you do use it, install it with the foil gacklng facing the 1nter101
of the greenhouse. Recently I’ve been stapling heavy duty tin foil on the interior s1de ol
fiberglas batt “That’s cheap and ettect;ve . PN | S ]
:# The amount of 1nsulat10n apphed should be as much or more than is used m the
walls and. roof of a well buitt home in your. _ared® In NewMexico, 1 usually use at least 4
mches of f1berglas batt in the walls and 6 inches in the roof. Flberglas is- easily apphed
with a staple gun or jack hamm%ﬁ. Salespeople at the local hardware st8re can help you
choose the right amount and type of insulation. ' ; ‘ -

Always wear a long—sleeved shirt, gloves and button your collar When 1nstalhngfﬁber

glasl msulatlon. Wear safety glasses for rafter work, especially if yow have sensitive eves.
and try not to breathe too much.

.

AlNTERIiV)R.PAN‘EL'ING

Insulated frame walls can be paneled with any matenal that you. hnd attractwe Ma
“sonite, -plywood, sheetrock and rough or finished lumberjare widely used. Panellng ma
terlals call for various adhermg techniques, Wood producté are usually simply nalled with
ﬁmshlng nails. Some paneling can be gluelkﬂ with construc[\(mn adheswes Wlien usmg large
panels meﬁsure carefully before cutting. Ifiyou’re careful| you can save odd- shaped scraps
for other areas and keep waste to a minimum. Occasmnally you ‘may have to .nall in 2
. scab a scrap of 2x4 tothe -stud walls in order to give a nailing surface for the panelmg
f corners don’ t “flush out” perfec\tmtmit\morrv, That’s what Gnad made sntnar Tnth

for. ",,, . ,
" As the msulated wall will not store heat, the 1n51de/should be a light color tm

a reflect1ve surface. ‘Water- sealing will help tg protecl the interior against deterioration
due to high humidity.

DOORS AND VENTS

Doors and vents must be_tight fitting and weather-strlpped around all Jomlng sur-

\
faces If you are using fiberglass, _may choose to use glass for the vents and/or doors.
Clear. views to the outside can offer a‘rtrm:i\ve adcents to opaque and translucent walls.
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‘When glass 18 used 1t should be double glazed to reduce heat 1oss. If possrble wrndows and

of vents to open out. Remember, the hlgh vent ‘that yoprut in-one. wall (east or west, de—
pending on the duectron of the prevailing wmds should be on the downwrnd side of- the-

prevailing air flow) needs fO‘be\about one third lErger msquare@otage than the low vent
\—\’\L

in the facmg wall. < ' :
—— In determmrng the dimensions for an outside door, remember that you will be mOVmg

large quantities of soil inter the gree‘hfous&wdoor wide enough to accommodate

"a wheelbarrow (plus your knuckles). Thirty- two inches is good. It 1@ also advrsable to make
\,’
the height of the door a standard measurement for convenient access. In very cold chmates
an air lock-over the exterior door will save, large losses (see Herb Shop, page 87). "

'EXTERIOR PANELING AND"INSULATING

All massive walls should be insulated on the outside. An effectlve msulatmg material
for this is styrofoam or styrene panels (l or 27). They can be stuck .to the walls with a
heavy duty ceénstruction adhesive. Use it llberally If the ‘wall i is ta be plastered cover the
styrofoam with tar lpaper Then use firring nails and chicken wire. over that. The wall can
now be plastered W1th a hard coat (5 parts, sand 3 parts Portland 1 part lime).*

‘Exterior covermg of the frame walls can be any material that sults youraesthetlc and
economic criteria. I’ve used old lumber, plywood Celotex (exterior fiber sheatlnng) and
- metal siding. The most important thmg is to make sute there are no leaks that allow water
into the frame walls. Remem ber—lngher panels ovérlap lower ones for waterproofing. Caulk
anythmg__ that looks suspicious..

=gy

: SEALING THE GREENHOUSE

If there is one-most critical factor in the construction of your solag greenhouse, it is
that all joinirig surfaces fir tightly together. Tightness is, in. fact, one of the highest goals
,wmﬁyou can attain, both as des1gner builder and proud owner. The primary reason 'to
" strive for tlgl‘ltness is .to reduces air leaks But another important reason is to produce an
attractrve environment t Mflects the care and thoughttul work that gent into the de-
sign and construction. o \ a0 ‘ ' ™

During each phase of burldmg, ask yourself where heat loss is likely to occur. Wher-
ever large surfaces are Jomed (such as the foundatron plate to.the foundation), a layer of
* fiberglas or foam insulation will help solve t eproblem Sealants such as silicone and caulk-
ing materials (wood filler, spackling compound) should be used on any crack or opening
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that could transm/ t air through the structure For ]arger opemngs such as mrght occur at

St

between them). As we mentroned earller vents, and doors must be COmpletely weat‘her-f
tight. The importance of sealing and ‘msulatlon cannot be overemnhasrzed ‘as it can make
the difference bétween the success-or failure-of vour greenhouse

THERE YOU ARE!  ~ YOUDIDIT!  CONGRATULATIONS! -

TOOLS NEEDED

Shevels (pomted and flat)
Hammers

Saws (hand);__or :

Saws (electri\e)‘;’.

Drill and bits

Hoe

Trowels (triangular and plaster)
Hatchet

Level

Tape measure

Squares (tri-and carpenter’s)\-
String

Draw knife

Staple gun

Saw horses

Paint brushes (3 inch and 1% inch)”
Wheelbarro_w

Rasp.

Plane -

Tin snips (large)

Caulk gun

Chalk line

Roller and pan

Water bu‘ckegts or hose and nozzle
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~ MATERIALS LIST FOR 10’ x 16° ATTACHED SOLAR GREENHOUSE

1 bag masonry

5 bags Portland

1 yard sand

1 yard %’ aggregate

2 yards dry pumice or pea gravel

80 full pumice blocks

25 half pumice blocks

8 67 anchor bolts

72 rebar

30 8 2x4’s

3 10’ 2x4’s

2 16°.2x4’s

2 8 1x4’s

2107 1x4° s

40’ 1x12 (for floor beds and
sifelving) . = T !

400’ wood latticg moulding (for trim
and tables)

’/z 1b. concrete nails

300 - 400 aluminum nails or’

3 1bs. small galvanized nails
10 1bs. No. 16 common-nails
5 Ibs. No. 8.common nails

2 Ibs. No. 8 finishing nails
l 16; small finishing nails

3 1bs. blue sheetrock nails (for sheetrockf

6 sets hooks and eyes ..

1 set 3%” or 4” butt hrnges (for door)
Tg‘sefs?Z” butt hrnges(forverﬁs} e

L
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4 pieces 8’ corrugated roofrng materral

7 2x4 joist hangers’
2 4x4 joist hangers *
3 pulls ‘

-8 corner braces (o reinforce door and

larger vent)

2 2’x8x2” styrofoam panels

150 sq. ft. of 4” or 6” fiberglas insulation
24> wide
l_packagesf3i8_” foamﬁsirrp—(we&ther-—
strrppmg ~ s
37 corrugated stnppmg(foam or redwood
4 pieces %4> “or 3/8” sheetrock r
2 pieces %" Celotex orequivalent exterior
sheathing or paneling, i.e., 64 sq. ft.
rough lumber S -,
2 tubes silicone caulk—clear -
1 tube- regular caulk N S
1 gallon good quahty white latex pamt
] gallon good quahty dark color latex
1 pint dark stain (for latt1ce mouldmg)
200 sq. ft! flat frberglass/acryhc (greenhouse. '
quality’) :
70 sq. ft. corrugated f1berglass/acryhc
(greenhouse quahty) / §
250 sq. ft. polyethylene (greenhouse
quality) - g

"6 55 gallon drums W1th tops (Water tlght)
-~ andfora numberof stratler Water tightt

contalners



. NOTES
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CHAPTER V Perfq‘)rmance and Improvements -

THE BASIC UNIT

‘The attached solar-greenhouse we

have described will extend your g’rcwling season a

great deal without supplemental heat or further modifications. The following graph reflects
the ‘extendped growing season in such a unit over a year s period.

-

Approximate Length of Harvest—Assorted Plants

/
/|-
f
/

———— Solar Attached Greenhouse/Outdoor Garden Pvév‘;l
Rocky Mountains 6000-7000° (1,824-2,128 m) |

S

Plant Gain in Months
, : ! -
LEAFY VEGETABLES; T T ' .
LETTUCE, CHARD, SPINACH t - i 6-1/2
BROCCOLI, CABBAGE o _ ] 3-1/2
' :
ROOTS AND TUBERS~— ONIONS - o .
RADISHES, BEETS, TURNIBS } S T . — 6-1/2
’ .; | . ..l\ . V .
PEAS, BEANS i } ! : o | s-1/a
PEPPERS, TOMATOES, / "" . .
CUCUMBERS | - L | 612
MELONS H Y e C 3172
. L f

HERBS-MINT, " t ]
PARSLEY, CHIVES b L = . 5 }- 6<1/2
HERBS—-SAGE, DILL, p—~— — > G o
BASIL, CORIANDER F ‘ ]l &

| P R -
COMMON FLOWERS IN » FVQVQ'
BLOOM-NASTURTIUM, . ’ o,
GERANIUM, PETUNIA } - —] s

g §
MONTH JAN FEB°"MAR APR MAY JNE ILY AUG SEP OCT NOV DEC

There’s an easy way to estimate e&xpected temp‘e‘ratures‘in your region. Most local
weather stations maintain charts of average temperature ranges, sunlight days, rainfall and
so forth for their areas. Get the mformatlon Flgure that the passive attached greenhouse
'with the recommended storage will average about twenty to thirty degrees.lugher than the
outside temperatures This is a ballpark figure, without guarantee; we can’t control how
tightly you seal your unit, how much msulat1on you use, or ‘even which way you pomt the
thing. But th1§ is a fair estimation of 1ts potentlal if you have followed the design, bulld-

ing and operation instructions carefully
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It’sa’'good 1dea to test the performance of your basic passive structure throughout one

year’s operatron Chart the! ‘highs and lows (indoor and outdoor); record plantmg, germma-

&> SIS
“tions and harvest tinies. These data will help you Eletermme whether 1mprove‘xments and’

modlflcatmns are needed. o

! 1 .
. Lo
L 1

i,

- I shiould mention here that many people prefers not to shoot f()r year round greefnhOuse o

operation. ‘Besides giving yourself a break frd@h fulltime upkeep of the umt a dormant peri~

od offers other advantages. The bedding soil can be compbsted; fertrhzed and given a rest.
Youc¢an also get-basic maintenance on the unit ‘done during this time, and plan for the next
growing season If you have had a major insect disaster in the fall/early winter cycle; the
rest period canm be a good time to Treeze the little parasrtes out of existence (open doors
and vents to the outside). On sunny winter’ days you can strll tap all greenhouse heat for.
home use, then cut it off at night. : ‘

) B"u

- .o .
The most.common reason for shutting down during the tour to six coldest weeks-of

the wmter is an economic one. The amount of produce that you harvest during this time

“may not]ustrty.the cost of product1on eitheri in terms ot conventronal supplem‘entary heat-
ing or the cost of an active solar heating system. RER

If your goal is year-round production, or if performance 1mpr0vements are deflmtely

“ called for ( your greenhouse freezes in July), you have three alternatlves

1) lmproye collectiont‘and heat storage,
2) Decrease heat loss/increase msulatlon

3) Employ conventional supplementary heatmg or open the door to.
your home. >

o a

o~

3

We like the first two approaches, as they can be employe’drwithotft tapping convention- ..

al power sources. In some cases a limited amount of etectricity can be justified, but much
less is used_than in conven tional heatmo Solar researchers have pu1sued two basrc direc-
tions in improving performance. They are passive and a®rive systems o )
Passive systems emphaslze the most ettectlve rélationship between collecting surfaces,
potentlal storage mass within the structure ‘and the unit’s insulative qharactenstlcs Ina
<‘pure”_passive mode there is no machmery makmo‘the ‘whole system go. The home or

——greenhouse is-the colleeter insulator and- heatstorer— - ST T

In a recent paper published by the Umted States’ Energy Research and Development
Administration, J. Douglas Balcomb éand James C. Hedstrom of Los Alamos New Mexico,
clearly state the 1mportance ot passive solar energy utlhzatron In their words:

. ; N

Preliminary findings presented in this paper ind‘ic"at"e that it is reason-
“able to expect comparable solar heating performance for: a passive sol-
ar building as for an active gplar heating system for the;same collec-
tion area. This is a robust result. The implications to the future de-
velopment of solar energy for heatmg buildings could be profound...

A number of examples of passrve %lar heating concepts have been'
built into structures zlnd 1eeeu/ed Qg/rdespread attention. Most use ex:

tensive south exposur glass to admit lowrangle wmter sunshine to the
¥ &




building, and extensive use of mass heat capacity inside the thermal
envelope of the building to store heat energy. Despite the publicity
given to these projects and their apparent success in saving energy, they
haven’t been widely adopted.
- We feel that a great deal of emphasis should be placed on the design of passive systems.
For this reason we suggest that you make all possible passive improvements before ventur-
ing into an active solar system. ' e

~

§

INCREASING COLLECTION ’ '

B3

It’s conceivable, forinstance, that you haven’t provided enough collecting (clear) *
walls for your particul;{t‘ conditions. You may discover that the clear roof area needs ex-
panding to allow the sun to hit well up in the back wall during December. Or you might
have an east-facing frame wall that could collect enough morning sun to justify its being
completely clear. It’s not too bigajob to convert all or part of such an insulated frame wall
to double glazed plastic. Just remove the inner and outer paneling and insulation, paint the
studs white, then stretch your coverings as described in Chapter IV.

FIGURE 30
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Another way to increase collection is to bounce or reflect more light into the unit.
A refléctive panel hinged off of the bottom of the front face can also act as an insulating
cover (see Figure 30). Hinging reflectors off the sides or roof can also increase collection, -
but the damage that could be done by high winds should be cogsidered. A reflector can
increase available light to a collector surface by 40 to 50%. Also;:don’t underestimate the
S value of snow- as a reflector. If you live
. A in an area which experieﬁces_full winter
e R ) snow cover, don’t shovel it away from the
| ' south of the m‘eenhouse Leave it there .
and throw on clean snow when it gets
difty.

A third way to raise ambient air tem-
peratures through controlled collection is
to employ a venetian blind device. The
Tucson Environmental Research Labora-
tory is experimenting with such a ‘b'lind;
it hangs Between glazings in a window or
in front of a Trombe or clear wall, creat-
ing convection currents of heated air with-
in the unit (Figure %T It is painted black,
If the blind is partially or completely clos-
ed, itssurtace actsasa heat absorber .open

git allows you to look through it. Because
of its convectiye function, the Tucson re-

searchers believe that on=a cloudy day
‘(‘dift‘use radiation) the partially closed
" blind raises air temperatures more than
. direct transmission. (See Franta, page 103

FIGURE 31 " Chapter VIIY: 7 -

Simple venetian blinds hung beneath the interior glazing of the clear roof of a, green-

house, painted black on one side and silver on the other, do several things. They raise the
air temperatures before the airenters the home This speeds the convection. pattem and
provides better circulation. The silver bottom would stop some radiation loss through the
¢lear roof-at night, In warm months, the silver side is turned up for an infinite number of
hade settings. ' . ' S

“Another way to raise amblcnt temperatures is to mstall a conventional flat plate. col-
lector below the level of the Ultenl’lOUSL or in a low SGCthE of a clear wall. If there is
adequate space for air passaﬂe between the two, a convective loc{p will establish itself (see
Figure 96, page 132).

A more intricate passive way to raise tempelatmes is seen 1n\the Plagtlee Farm Unit
(FEigure 90, page ’)5)

A
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- as the oil companies that own the factor--

‘Remover, treat them with a primer, then
% i »

‘paint them a beautiful flat dark carth
't,OlOl instead of black. «

Cof the drums to suit your fancy and taste.

INCREASINQ STORAGE

]

Incrmqmﬂ passive heat stomge is a viable option 101‘ improving pérformance. FlfLy 1vg:
gallon oil dmms tul] ot walu‘ are the most Commorr ioxm of ‘direct gain’ qtom‘m The
drums is tlmt they _er ugly'(rlgule 32).
[t would take a design genius to make

them otherwise. 'Y our family may.not let
you bring them into the greenhouse. For
maximum efficiency, the drums should
be painted flat black; this does not im-
prove their appeardnce. They are cumber-
some., usually bent and greasy. Some sug-
- |

gestions:

S
1) Buy new, sh’in‘yf}unbent drums

fromethe drum factory.. highly unlikely,

ies choose to peddle them full or at $12
a whack empty. .
2) Clean used barrels with Gunk

1

3) Decorate the nonaollcutmgaua\

-4y Train plants around the sides and
buack of the barrels. ) ,

5) Incorporate shelving and planters
on the top of the barrel ins‘t'ulla/tjon - = 'FIGURE 32 ,

HoweVer ugly lluy might be, the drums’ effect on your grednhouse can be beautiful,
Consider the fact that il direct sunlight raises the temperatuee of the water in a fifty-gallon
drum thirty degrees, you will have stored abouf twelve thousand BTU's of. heat energy.
Water stores three to four times as much energy ;)ér/)ozmc‘/ as an equivalent amount of rocks
OF INasoiry. ’ - : J“

h

I}

The drums can be stacked mear the back wall or wherever they w1H uutuh direct sun.

and not shade or be shaded. If they are smd\cd on end, stagger them slwhtlv to allow space
for filling and air circulation. If you have enough 1'00m lay the barrels on lhul sides with

the filling holes tduns_ up. See that the drums do not rouch the greenhouse walls or they

w1ll LOI]dULt heat to the walls that could otherwise be’ used to IJI\L ambient air tempera-

©tur es DT

£l

A variety of other water storage containers can be emp]oved Thev include water-
filled beer cans (see Doug Davis, page 97), elass and plastic Lontamms of all sizes, dis-

carded gas tanks from cars and trucl\s rubber and vinyl plllows, open metal vats and used
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. galvamzeo steel tanks The 1mportant thrng is to check that no drrect garn storage unmterl-
tronally shades S‘tprage behmd it: For this reason various srzed containers, lower to the
south and higher to the n01th art advisable. e
) Another- direct- -gain storage modlfrcatron can ‘be applied to inside walls that re-
ceive sunlight. This" dption is to add thermal mass to the walls by facrng them with br1ck
‘or dense stone. The llmassrve facmg should be of a dark color and nontetlectrve texture. If
will store collected heat and give it up to' the rnterror in the same way the water tanks do
‘The existing wall that you have covered w1ll 1nsulate agarnst heat loss to the outside.
Be’sure to “tie-in’"'the massrve facing to the old wall with metal straps or lath to avoid
""separatron Mémorable 1nJur1es could be sustained- if the ngonohthrc structure were to top-
ple while you mulch your melons-below. Rocks or bricks can be made into beautrful raised
'plantmo beds, doing the practical _]Ob of storing energy- while improving thermal storage ,
A srmrlar-»modrﬁcatlon can be’ made in the greenhouse floor. A thlck concrete slab
'“and/or stone paving ddded to the ﬂoor can act as a “*heat sink” for stormg thermal energy
‘The stone or concrete surface should also be dark and tlat in color for maxrmum absOrp-
thI‘l For best results, insulate agarnst heat loss” 1nto the ground by puttmg & layer of pum—
ice or styrofoam un;lei the- floor slab . : :
The soil in the plantmg Beds can prov1de passrve thermal storage In the author S umt
_there is-an- estrmated 4000 pounds of | black mountain earth. Agamr an insulator llke dry
pumice, gravel or styrofoam (with hojes for drainage) should be under the storage. »'

/nl?,CREAS_ING LOSSES

Let s take a look at the second option I mentioned: decreasmg heat losses/mcreasrng
1nsulatron “These two areas of 1mprovement go hand'in hand. For starters, if you have a
-wind c¢hill. factor inside tle unit, that’s a problem. Places where those little zephyrs
. whistle- throuoh the structure shiould be plugged up. They usually occur around door and
wmdow frames, roof and wall _]LlﬂCthnS plastrc 'to wood 1omt5r Jlet’s tace it— anywhere
‘you have put two prec s of the greenhouse together. These “‘infiltration losses” are the
*most common and the easrest type to.correct. Simply grab most any pliable material handy
(hopefully with some 1nsulat1ve value) and cram it into the crack or hole with a screw-
driver orfbent coat hanoer Lettover trberOIas insulation pulled cotton- -candy style off its
backing is recommended. ®

Some air leaks, such as those that occur where a vent or door meets the jamb, will

' requ1re Conventronal weather stripping. A caulkmo gun full of sealant will eliminate most
- others. Squeeze an even ‘“‘bead” of-caulking material along all joints that pose a problem.

Convective and conductive heat losses are those caused by air movement within

the.. walls, roof and clear—wall areas of the greenhouse Reducing these is more d1ff1cult
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than plugomﬁ leaks. First check whether you ‘have cold spots on solid walls or in the insu-
lated roof. Go into the greenhouse after a cold night and feel around on the walls. Your
“hands will tell you if you have an isolated area of high heat loss. It will be noticeably colder -
thah the rest of the walls there. If you find the culprit, add more insulation. In a frame
wall, put it on the interior side or in the wall. On a massive wall, put it outside. K
In a well-sealed gregnhouse, the greatest losses will occur through the cleal wall and
clear roof areas. Traditional (all clear, exposed) greenhouses rank among the most energy
inefficient structures ever built. That is why solar greenhouse designs use clear surfaces ’
' “only where absolutely neecessary for heat collection and plant growth. Still, energy will be
< lostat an amazing rate thlough the skin when the sun goes down. - o
i Multl layered (more than two) glazmus add some insulation to the skin bul also de-
crease’ the transmlsmon of light by about 1 (/( t01 each additional layer. Recent studies
have found that a’ tuple glazing is justified in areas that have full winter snow cover. The
added reflection of’ the snow makes up for the loss in transmission. Sevet -l universities and -
- chemical Lompameb are experimenting w1t11 a_poly- -film dppll(.dtl()l‘l that is opaque to thc
~Linfra-red on the inside. That would
keep much mor¢ heat in polyethy—
lene greenhouses.
~ One time-tested device thzﬁ can
insulate your clear walls is a cur-
tain or drapery. Pulled closed in;
the evenings or on ‘cloudy days,
th%curtain should seal as tightly
as possible to be effective. Ideally
the curtain should have a reflective
surface (such asaluminized mylar
or tin foil) facing the air'space in ‘
the interior. IAdisédvantaée to the

curtain is that you have to be pre-
sent to opérate it (unless, of course
you install a motor with a heat or
llght -activated switch). |
A more simple applodch 1s to
use rigid foam panels to fill the
7 ¢lear areas at night. Clips and mag-
nets have been used to attach the
rigid panels (see Zomewgorkapﬁge
130, Chapter VII). The obvious
disadvantage is that the panels ;
must be removed and stored dur- 8 ~_ e T . § -
ing collection periods. You miglij[ ? "
devisera mounting system for the
stored panels in which they double

FIGURE 33



as interior reflecting surfaces to combat phototropic plant growth..

Another type of insulating: curtain 1s made from. rigid styrofoam or polyurethane‘
panels sandwiched together wrth cloth on alternate edges (Figure 33, page 59). Tl@s ori-
ental-style curtain is stored at the top of the clear wall and ]owered via a cord or w1re that:

.TUns through the panel centers from top to bottom. r £ e

"In any vertical curtain arrangement the fit must be trght when closed or thexsys-
tem may defeat itself due to the “chimney effect.” Thermal action can set up convection
currents between a loose curtain and the clear wall, causing heat loss greater than were the_
curtam not there. A horlzontal curtarn s1mrlar to the one drscussed in Appendrx C, page 1 55

\but manually eperated, can be pulled across the 1nter1or of your greenlﬁouse It would keep
more heat down neat the thermal stqrage. - :

~

g

i

. Insulating materials on the outside of the structure offer another solution to the heat
loss problem Tfie one shewn in Figure 30, page 55, that doubles as a reflector is an example.

- Any blanketmg system wouldi help maintain higher mghttrme temperatures in very
cold ‘weather. This wiriter I will be using exterior rolldown blankets made for_covering
cement. They are 1 - 37 threk with a flexible insulation interior covered vlnth waterproof
black polyethylefie-Gement companies sell or rent. thent.

'ACTIVE SYSTEMS

Passive systems all demand your presence for their operation. An alteriative, an
automatic insulating wall, lrasbeen developed by Zomeworks in Albuquerque, New Mexico.
The ‘design is active in tha??}wes electrical blowers fo fill a double-glass cle®r wall with
small styrofoam beads when te 1peraturés drop. The “Beadwall’ "® acts as a solid msufﬁted

' barrrer when filled, and a transmlttmg clear wall when the beads are automatlcally vacuum-
edout . Sy L ~

L lW1th the Beadwall® we get mto active system optrons tor 1mprovmCr greenhouse
performance An actrve system 1nvolves collecting, then moving heat energy (vra water or
air), W1tll’a pump or blower [t is then transferred to a sterage medlum (rock and/or water)

- for 1mmed1ate or later use. Heat of Fusion Storage, using salt hy drates as the storage me-

7' drum is a third alternative, but aswe: know of no present apphcanons in 0reenhouses we’ll
omit:it here. _ :

One relatlvely simple actrve hot-air system that has been used in solar greenhouses is
:sshow’n in Figure 34, Hot.air is tapped from a high area in the unit and then ducted beneath
, ﬂoorl vel to a rock-bed where it is stored The fan can be astivated by a thermostat that cuts
“in whe the ambient air temperature reaches seventy degrees. At mght and on cloudy days,

the rogks radiate heat into the unit. Alternatively, a second fan can be used to direct the
heated aix through the rock bed into the greenhouse For workmo gxamples of this system
“see Gh ipter VIL, pages 100 - 101,
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A successful variation of this
system features exposed rock stor-
age' through which hot air from
the greenhouse ceiling is pumped
ee Figure 35). Exposed rocks
are’ contained by wire mesh and
serve as tables atforms (see Fig-
ure 36). The rocks stt
direct sunhght as well as fror
heated "air fanned through ducts
from the ceiling (se,fe Jemez House,-
Chapter VII, page 93). Doug Bal-
comb (Chapter VII, page 111) has
chosen to-build his rock bin in an
insulated box mslde the green-
house. The beauty ot this system -
is that it can be added later if
addltloréal storage is needed.
~ Another active system optlon
is to use an enclosed splar heater L ) FIGURE 34

heat from

. , . (an or water) mounted on the greenhouse
N ; xoot or inside the unit. If it is a water sys-
. tem, 11quld will” be‘_pﬁumped“through-. the
_collector into a large storage tank (pos-
- sibly underground, surrounded by rocKs
fmd insulated):; When the s:tm goes down;
heated water bypasses the cool collec-
tor, making a closed circuit from the hot
storage tanké;‘g_llrorlgl{ baseboard radiators
in the greenhéhisw ora cofivéhtional heat-
transfer blower, R ‘
Disadvantages of this type bf S}/S'[G‘I]:] are
the high initial cost and the techmcal skill
required for its sucggss. Another drawback
to a pressurized.and circulating hot-water
system is that if the electrical power to
‘i'pL1111p it falis, the. witer staonatés ‘(stops
movm ) and superheats blowmg out the
entlre.system or at least the pressure re_;
lief valves, This can be discouraging. .
Components such as collector . boxes
pumps, blowers. and so forth are commer-

ST FIGURE 35 L : PO




cially available, but the final arrangement,
or system design, is left largely up to
the individual. I suggest that if you plan
to mcmpomte a complex active system
into your gréénhouse, buv the more im-
portant Lomponentsmther than building

1$ an xcmng pdstlm

expensive and give bnth L0151
-- \c\l\uphant My *first solar ).xulon box

cleaner blower sounded like a ‘freight
“train howling through the house. In short,
it was a. $ 150 mistake. If you do feel
qualified to c—oustr'ucl' a collector, at least
f follow plans for units that are proven
effective.

3
r L

A proven and inexpensive water heating
system is the ™ hdthdelﬂ\’ or**bread box.”

\\ FIGURE 36 4 conventional ot water or directly in small
s;pplicutions.ﬁ l‘\‘t consists ol a tank (40 - 60 pallons) enclosdd in a reflective box and mounted
in the apex 0\‘!’ the greenhouse: Tt runs off the home Iinc‘ pressure and, because of the
lurgé volu'n\lc. doesn’t ran the risk ol overheating. To pwvmt the danger of Ireezing out,
feave large 'h(’)’i"ul‘s‘ in the botLoLu.(mn:_nlmux;L {dLIﬂL)“C’OVL‘I or nml\c 4 moveable Ik”k\.lln‘l/
ln\Llldlln”k\lL‘ll()l covef. Stlll c{nul of freezing? Bypass and dmm llw system for the cold-
‘csl fime ])um(l : . .

A lmtv all()n»tanl like this w1ll raise water temperatures to the gas hcalm about 409
Zomeworks (Chapter VI, pdu\l?()) sells plans for bread box heaters.

(()mpllmtul high temper dlt\u hot water vsluns cannot presently be ecconomically
,;uslllud in creenhouses. Avoid ll\;tm Use air or low temperature water as the heat ex-

ch;muc medium, il an active.sy stun is what you need. Refer to the lml\ storage systems.
m this chapter or in C Implu VI \*ml will be \mm ised at llu pulmmdnw of the plwvc

_ unllx and the simple improvemeits \W Ve LlL\k]thLL
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them yomsell ‘Playing thL solar inve ntor' i

cling precariously to the loot rusting .
and rotting in the weather, Its vacuum -

Ilu unit is used as a PIC heater for your:
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C(‘)NVENTIQNAQHEA\T_ING |

The third alternative for i 1mprov1ng greenhouse performance is to employ convent1on— :
.ak supplementary, heatlng The solar purist will object vrolently, but there is a great deal
of validity in this option, If you have built your solar greenhouse properly, the amount of
conventional fuel needed to improve perfommance should be mrnlmal For the greenhouse
o) erator In extreme climates who shuts down the unit for a month or SO in the'w w‘_t‘r the
time pesis d when supplementary heating may be needed will be brief. -
- Asmallg electric heater that cuts in at 35 or 40 degrees can provide.an early be-
- ginning. for the late winferfspring crops and a healthy harvest 1nzthe fall/early W1nter period.
~The heater shouldn’t be necessary that often, and on giy economrc Tevel could be Justlfred'
by the yietd of produce and tlowers On: a purelyem@r a evel a smalf-heater can ehmm—
“ate your anx1ety over those tender young seedlings that haveso bravely sprouted in late
January. L T e\ B
In my greenhouse I rely on aewood fired pot belly stove in a?ljonnrlgroom
gencres I stoke it up on cold, clear _nights tollowmg snowy, or cloudy days. As the effort
and Wood consumption isn’t great [ feel justified in using this opt1on

s \\

_COOLING THE'«(;}REENHOUSE |

( .
Thus far we have been concerned exclusrvely with keepmg the greenhouse warm.

Another common diffieulty arlses from the opposite problem mamtarnm0 tolerabl\coel\
temperature levels in summertlme Again, if you have bu1lt in the correct amount ofh._
sohd roof area for shadmg, provrded proper ventrlatlon and thermal mass, this should be -
controllable If your unit still overheats, however, screen shadrng is one way of correcting
the- situation. Greenhouse supphers market a number of plast1c sun screers that can cpt
down the .incoming light anywhere from 15 to 85 percent. Bamboo curtams are another
p0551b1hty they are usually more expensive but to many, worth the extra cost (see Figure
37) Bamboo-liKe plastic curtains are ‘effective’and cheap: Get whrte or a hght color.

A traditional method of cooling greenhouses is to whrtewash the outside . of.the clear
surfaces in the summer. This is-time consuming, relatrvely unattractrve and could have
adverse effects on flberglass -acrylic products. . ' . : B

. Another type of passive coolmg involves placmg a smlall pan of Water *’1 tront—ot‘
“the | lowm\ﬂ“ ot ~ent hang. strlps of burlap, allowmg them to dangle
down into the water. Water will seep up the’ burlap wick effect)..-The natural convec-
tion of th\e heated air ex1t1ng from the higlryvent w11T§1ﬂ’evapor»‘ vely cooled air through .
the greenhouse i . e

~An exhaust fan is 1nexpensr.ve uses little power and can be nlounted in the upper vent
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) . __FIGURE 27 )
ol lhc ”I‘u"lll()llig. Wehave hiever ]l W 1o use it in our destensbut would as o Last resort,
T T S tions that we haveused elfectively for cooling inchude tapine laree sheets ol buteh-
Cr paper or m\\\plml o the inside plasticeand/or growing walls of shading plants tmside

or out) to block incoming light (see Chapter VI page 700,

L . ‘ 1
. A st SPrIVING, OTwadering ol [ the fToor: rocks .lml carth beds around noon on hot
¢
. summer Lll\\\\l“l()\\kl lunmmlmuh o 129 This had been very \Ilulm FOT Uss
_ - Ooling vents o m be opened and closed by heat activated plxmnx “These are (ot iy

p issive mechanisms and only moderately expensive,
I vou have made the mistiake of “huving a pnm‘l\ desiened commereial unit that over-
heats, try Targe shading panels of masonite or sheets ol ops 1(111\ plastic on the root,

. In combatting nvuhmlm” pmhIcm\ remember the general VIlk that Tow-angle win-

ter sunhight is 1o IM allowed into thie it WITHETTER=MEC summer ravs are to be partially

blocked. A common misconception is lln all plants must have direct/sunlight for healthy

< growth. llnx s simply Mot the case. ;\l.\n,,lnan_\ books will tell )'nu that the grcclﬂmusc

mast stay under 837 and not get colder than 359 That may be true for orchids, but most

~ = ovegetables are hardier. They can thrive in mmh higher and fower {unlul itures than l|1ll '

Carctul planning and pl*l(‘cmcnl or VOUT Crops: cand the use of ullu(ul lieht, will get (in-

& gible lmults For vour enjoyvment klml nounxlnmnl S N
N 4
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CHAPTERVI . The Grepnhouse Gar“_ :

e of the most 1nnovat1ve aspects of the: S/olar Suste1 ance PrOJect greenhous Ts’/

ey are geared mainly to the production of vegetables food crops—rather than flow-

s and house plants. Food production (and surpliis solar heat) transforms the greenhouse
frohl a luxury-item to a functional addition to the home. The Solar Sustenance PI‘OJEQt‘
units have produced fine crops; their size and variety is dependent of course, on the amount

. of time and care the owner can offer, 'i- Lo
: Gardeningis a subJect that fills volumes (as you well,knowP if you ve browsed through’
that section ofa bookstore lately) Ch.eck our bibliography for ‘books that cover the whole
realm of gardemng In this chapter we are ‘going to have to hmrt ourselves to plants that -
we lzavel-giown in our greenhouses and can. tell you dbout with honesty and confrdenoe
However we are always trying new ones and different plantmg arrangements, and we hope
you will do likewise. a
R We should pomt out that the greenhouse gardener has some advantages and prob]ems,‘
thgt the outdoor gardener does not have. Planting space i$ much more limited, for one thlng
A‘so an -attached greenhouse is an integral part of your living environment; your home \ ]
shares in the problems of the unit (mseots) as well as deriving benefits from it, ~_ ...~ 7
‘ / The greenhouse gardener does have one great advantage over-the outdoorgardener
" ,you afe not as dependent on the weathef. Low. temperatures in the conest part of the
;wmter are the only éxceptlom_Tlre ravages of wmd hail,'drought and-frost have no effect
1on greenhouse plan ts, whereas. outdoors+ they can and c?o destroy many crops—Tmrthehigh-
mountam valley where ¢the Fishers live, midsummer thstorms are a constant threat. The,

Ny

TRV Gy

- ‘farmers there say that they don’t call a crop successfulfuntil the food-is on the tab“lie_As a
greenhouse gardener, you enjoy both- a greatly extended and.a much more predictable
growrng season, due to your'control over the cilmate in|your unit.

N \

‘GREENHOUSE’LAYOUT

Tlle size, Mdmmﬁmsx cl‘uded in your green' use will be-
determined by the confrguratron of the unit and your own judgement (practical and aes-

thetic). However since_space is limited, plan the layout of planting areas wrth the utmost

care. For maxrmum‘productmty, leave very narrow walkways and put the rest of the floor
area into beds and tables. :

~ Vertical spicg should also be used-to the greatest jextent possible and you’ll find that

“thiere’s quite a bit ‘of it. Shelves lining solid walls and] hanging planters are two methods

I have used. I've also installed moveable shelve:s" on brackets along the clear walls to hold
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trays of seedlings. By June these
shelves can be taken down and
stored (Figure 38). Temporary
tables can also be erected in beds
for seedlings (Figure 39). Another
good way of usmgvutlcal space
was devised. by the Umvcmty of
Arizona. Environmental chcarah
- Laboratory. It involves a series of”
hanging pots, attached one abovc
the other (Figure 40). Thlmngtm-
ous idea re cally makm the most of
greenhouse gr owth/space poten- .

. FIGURE 18 tial. , -

Some of the space in your unit T

will have to be given up to. equip-
ment. If you already have a tool

~—shed; then you won’'t need too -
much storage area in'the green-
house. But, empty trays and pots,
cartons of seedlings, small /l)/mfd’
tools, containers of fgpri’[fi/ér and
other basic n/cg@ss"lti/cs of green-
house living do accumulate quicks
ly. When planning the interior

— /r'wlayout leave-space for equipment -
and a comioltab “amount of
standing room.

FIGURE 39 N

N *
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 Gardeners used to “taste” their soil before planting. If it tasted:sour or bitter, it was

not g(:)cjd,,_for raising plants, but it it tasted sweet, a high yield could be expected. The soil

~——that-tasted sour was too acid; soil that tasted bitter was too alkaline. A good balance be-

: tween the acidity and a.lkalinityﬂ-@t’«*o-i'l"""‘i'@"" inTportant for a good harvest. If you prefer not

to, it is not necessary to taste the soil. Instead, send it io a Lounty agent or buy a do-it-
youlselt soil testing kit. '

A healthy plant needs Nitrogen N) Phosphorous (P) and Potash (K) ’rrom the soil;
trace mmera] elements are also nccessaly Nitrogen is needed for gr owth paltlwlally for

RN B
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geleases nitrogen slowly, but is a stéady

icdecaying matter and from ground phos-

'ing we have done, we feel that the Biody-

green leaves. Yellow leaves and poor

&

growth denote a lack of nitrogen in the

. - Q - B . M
soil. Organic matter decaying to humus

source.-Cottonseed meal is another excel- |

lent source of nitrogen. Phosphorous is

needed for roots,-fruit development and
resistance to disease. [t comes from organ-

phate rock. Potash is needed for the cell
structure -of the plant. It comes from or-

odnic Qmatte from wood ashes and from
urCCn sand. Tmce mineral elements come
from a varicty of components in organic’
matter. Most plants like a neutral or slight-
Iy acid soil.

Your soil should be 12 to 16 inches
dggp Good drainage 1s a necessitly.
There should be 67 to 8”7 of pumice,
sand, vermiculite or pea gravel under all
of the soil'in your beds. We have not tried
it in our greenhouses, but from the read-

namic French Intensive method of garden-. : ' FIGURE 40 ‘
ing will probably adapt well to the greenhouse but w111 need deeper beds. C ontraly to lm-
ditional greenhouse techniques, noone in the Solar Sustenance Project (about 25 producing
units) has ever sterilized their soil. You do not sterilize your outdoor garden S()ilv, do vou?
Besides, how can you get that much dirt into the oven? ,
Greenhouse soil should not:be as dense as regular garden soil. 1t is lightened by adding
other materials. Two good soil ml\(ture are: '
” Y rich organic topsoil ' “e
Y4 coarse sand
Y, peat
V4 vermiculite or perlite
If you live near thc mountains, tly this one: T

i —1 3 black mrountain carth-tfound under the pines). 7T

1/3 arroyo sand (river bank) -

1/3 pumice, perlite or vermiculite.

Soil can be kept and used for a Ion(T time-in a greenhouse, but it must be regularly
enriched with compost and organic matter. Rotatm;_ plants and using mlxoﬁcn fixers,ssuch
as peas, in various locationshelps keep the soilviable. Mﬁ%@ﬁrrm—etrtﬂlmﬁ_on water wquuc

ments and does add some nutrients to the soil. (See later sections on crop rotation jand fer-
tilization.)




. . 4
# 1

, The soil in the greenhouse must drain well Plants do not like 31tt1ng 1nla puddle of
water. If your sorl is on the heavy side, add a good portlon of Verm1cuhte and organlc mat-
ter. Air-is another vital ingredient in the composrtlon of healthy, fertile soil and. in pmdﬁ@-
ing well-rooted plants Along wrth usmg organic matter, another way to aerate. and allow -
water to p/enetrate the soil is by prov1d1ng a good supply of earthworms. They fertrhze soil
by mean//s of casts which are rich in nitrogen, potash and phosphute. Earthworms also Trelp -
balance the composition of the soil; if your soil has a goodly number of earthworms in 1t
you do/notneed to- addnutrren,ts or worry ‘asmuch about insects. Fhere are over two thou-
,sand mds of earthworms but the two which are oﬁnterestan\the greenhouse are the so;il

inges ng blue and the manure and compost ingesting red. Both make humus. .-

‘_HY'DROP,ONlCS VS. SOIL

. Hydroponlcs is a method of hlghly controlled agrlculture wheleby plants are’ grown

ina non -soil”” medium such as sand or Vermrcuhte A balanced dlet of nutrlents is ted di-
réctly to. the root system. - ' » .

. There is a long standing t battle raging between hydropomc and soil afrcronados Hydro-
pomc gardeners clarm as high us 300% increases in yield; soil users retort “Hydropomc
plants a,,re chemical junkies and besides they don t taste good 2T have 'hmrted experle‘nCe

) w1th hydroponrcs but-have found the followm N ‘ i

D Hydropomc plants .are more dependent on continuous care. A soil plant in a
deep bed can survive several days in m1dsum er wlthout—watermfy A hydropomc plant

. w1ll d1e if its feeding is m1ssed for a day F lis-reason; most hydroponie—operations™
call for an electric timer, feed batch tank,. tubes to plants or containers for feeding. and drain-:
age. In a small, home operatlon these items Te not partlcularly expenswe or energy con- -

sumrng K —— .

- 2) 1 have seen plant grdwth and densities in sorl that are not surpassed by any hy-
) dropomcs techniques (for exarnple the Tyson’s greenhouse, Chapter VII page 89, and

~ photo on next. page). Grven thls 1s a small oper,atlon which receives a maximum of ten-

der love and care. In a larger commercial unit 1ncreased yields by hydropomcs are docu-
Cmemted.  — S N _

3) Thef,sorl in beds and on tables has the ability to store heat. Some hydropomc
media such as pea; gravel can also thermally—eharge—but—oﬁrenned‘ra sucn as vennlculrfé_doé_s'
.,,,,LL t hold much thermal, s!brage capablhty ‘ ,

o) Hhe, co_mplete novice Ifrecommeno starting with soil. The greenhouse isa
new experience by itself added element of hydroponics might comphcate_thmgsrAft»e—pm
you have Rad some experlence with gegnhouse, run a hydropon,lc experiment and then

. decide which side of the battle to join, o "
We have included some good hyd#&ponic books in the reference list.

&
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FIGURE a1

FERTILIZERS ™ , | :

\ Every, time a crop is. harvested, the soil should be fertilized. Remember: you're ask-

ing a great deal more of tlte greenhouse earth than the garden earth in terms of length of
the growing season and density of tlu crop. Because of the relatively limited space, most
greenhouse owners plant mtmswelv Many of them, including the Fishers and Yandas,
deliberately crowd their crops in ordc to squeeze every, last tamato, bean and-pea tfrom .
the unit that they can. This tvpe ot infensive planting doeq work, if the 5011 is rich enough.

Regular fertmzauon 1s the pnmarv way to enrich the soil. :

“ety oFbasic dry and liquid commercial brands. If you apply any of them every time you re
ready to plant anew crop, the soil should stay in Uood condition. Your plants are the best
indicator of insufficient temllzatlon S r
Organic fertilizers,—such as. manure and compost, work beautifully. We have found
“dry cow manure to be very effective. Kagp in mind, though, that every time you bring
foreign matter into the unit, you run the rls}\ of bringing harmful insects with it.

i
N,
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There are many different types of tertilizers. A local nursery can Iecomm@nd A-Var——
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Manure and compost should also be added to the soil while the plants are growing
and producing. Frances Tyson.makes what she calls “*horse manure tea” by s‘oaking- fresh
dung in a pail of water. Frances, DLIIOL[I(.d“y pours this hearty brew on her soil; the health

‘ and bmuty of her plants (see F igure 41) testifies to its value as a fertilizer.

‘ Many pLQplC believe that organic tertilizer is more'etfective overdll than chemical ter-
tilizer (WL re among lhls group). . We have used fish emulsion vc1v successfully. I like llw
stuft; it nml\u my. whoic house smell like Provincetown, Masxdahusclls for a couple ol
days. But" what you usc‘dnpunds to a great extent on what is availuble. The most impor-
tant thing is to fertilize regularly, lavishly and deeply. When fertilizing, lmn over the
soil with ashovel orlpi,tch fork. Dig down. to the bottom and really move that earth around.
You ,wi]l bury the fertilizer deep into the soil, the best place for it. It will feed the whole
root system of your plants and-also en-

courage the roots to grow deeper, thus
creating a tirmly and well-rooted crop.
Mulchingis amother good way to en-
rich the soil and keep it cvcniy maoist.
Mulch with organic substances that break
downreadily into humus. Grass clippings,
»v-»lmv:‘s wood <lmvmﬂs vegetables and oth-
or lullovus ~unything you would com-
“post-will work: very well in the ﬂucn-
house. Frances Tyson has successfully
turned her licds' into compost piles, using
nearly all her of vanic-garbage as mulchand
fertilizer. She I\wpsa small jug by hersink
and every day or so turns her “garbage”
into her greenhouse soil.
(Rt an image in your mind of the
\()ll as a hiving element. Nourish and care-
for it just as you do your plants. The soil
essentially makes the difference between
Ca sterile and a 1L‘Hilc‘gi‘ccnl]ousé (IMigure
42)

"FIGURE 42

PLANTING LAYOUT

: I
\ Before planm?g, give carctul thought to the light requircments, warnun neeus, si2ey
and shapes of variqus crops. Plants in the tront beds will get more dnut sun. (See Figures

43 dnd 44 ) 1 havel l()uml that all the crops Ive planted grow VIgomusly in the front beds,

i
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so the real challengeis tfinding plants that will grow on the north side.

Profile: SPRING—SUMMER—FALL'

Shading plants

Fruiters. Tomatoes, cucumbelstramedﬂ '

up twine. Trim foliage, squash, melons.

C. Seedlmgs~herbs fruiters. Hydropomc

table.

D Low light, coqjest greens In late sum-
' mer new fruiters- can go here. Climb-
ers, flowers. )

E. Flowers, shade lovers.

F. B’errles shade lovers

P°?>

FlGURE 43
. Peas seem to do very well in back beds; broccoli and herbs do all right, also. I have
never givenn my pole beans a choice; they are automatwally planted i in the most unobtru-
-sive bed, in the back eastern corner, where they still receive enough sin but hardly shade
the other erops Genelatlons of beans have been very content in that bed.

Prgfile: WINTER-

~A. Lightest, coldest: Leafy greens, radish-
es, peas, broccoli, roots, tubers, Carry
‘over fruiters. ‘
'B. Light, cool. Herbs, greens, flowers.
Transplant seedlings. .
C. Light, warm, hangmg pots flowers,
herbs. ) .
D. Light, W‘arm‘f.'Winter tomatoes, pep-
_ pers. Clja_nbers, beans, houseplants.
E.'Low light, warmest. Start seeds,
sprouts. (On shelves, bread will rise
wellhere.) '

Gh

F Shady, COOI. Berries- - - -7 - - FIrétUiRF 24
" “You will probably want to experiment with zivarie{y of planting layouts. Just remem-
- ber to give extra attention to crops in the fear. Provide them with as much light as possible

sl

through the use of reflective surfaces as described i n Chapt;r V.
In the overshaded greenhouse, plants tend to Hecome phototropic; i.e. tlley .grow to-
—wards-thesunin the direction- of the clear walls. Extremes: phototroplsm can affect the plants
vigor-and abi;hty to produce agam you can combat thls problem with the use\s\f reflective

A
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. " FIGURE 45 ‘
dev1ces Jlong, the solid walls. Also, potted plants and seedlings for transpluntmu may need
to.be turned, just as thev doona wmdowmll in order to compensate for

hototropisni.

As you get ready to sow your seeds, keep in mind that most g,lCCI]hOUSL owners plant

“intensively and that it can work quite well (see Figure 45). The number of plants that V.ol

‘can cram into.one bed dependq a great de al on the lutlhty of the soil. Under good condi-
tions you can cut the regommendcd 5pauug by %ths for mdny crops and g,ct a fine harvest.

Intensive planting may aftect the appcamm e ‘of some: crops. My chili peppers (spaced
" about two to three inches apart) were spindly plants that had to mu tually support each

~other to stand uprlqht But they- produced-an-excelent harvest. each one laden with pep-
———— pErs. ¥ : -

‘
‘

I had six tomato plants growmg inabs X 3 ‘bed By July thcy were massive and DIO-

the borders of the bed and advancing down thu walkways by October; still they couldn’t
seem to stop producing. By the end 01 December they were completely out of LOHUO]
threatening tg take-over the ddjommg room in_the house. 1 harvested grocery bags full of
_tomatoes just before my winter freezedut. )

On the basis of these and other experiences, Id say that mtenswc planting can be

very successful in the greerrthouse. Just keep in mind the e nourishment your soil will need
in return. '

~J
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THE VEQETABLE PLANTING CY';CLE‘f

to grow radrshes or other hardy cold- weath : rofs’ in you\r solar greenhouse at any trme
durmg the year. But if you dislike radishes, \then it’s a waste of tifae and soutrrents
Raise the vegetables that you and your family eat and your suceessmll be measured not
only. in terms of what you can grow but what\you use. . ° - \l\’
- Having sard this, we ‘encourage you—to plant any vegetables or ﬂowers that you espe-
01ally lrke If you take-proper care of the plantt start them.at the. right time of year, ‘ward’
otfrnsects and follow the other basic: procedure we are suggestmg, there is no reason why
you can ’t grow. almost anythmg youwant to. We-urge you to experlment patticularly if
you enjoy gardenmg enough to take a few r1sks in return for possibly spectacular results‘
Imagine how you would like your greenhouse td) look and them srmply brmg that vrsLon
into reality. It can be done. : B L
Thus far we have talked mainly about vegetables but don t feel compelled to usei
every square ingh of the greenhouse for edibles, lowers add color fragrance and beautyw
‘to- your.unit year round. If the greenhouse space is an attractive one ,you’ll find that you
-want to spend time in it and fnaintaining the plalpts will be a pleasure The plants wrll

enjoy and benefit from your company This makeS\ a crucral drfterence in the success of
a greemhouse. - e Lo : o

Greenhouse seasons are drfferent than those lputdoors Summer comes early &md
lingers-on. The plantimg cycle in the greenhouse is based.on this éxtended summer. The
Fishers have drvnded the cycle intd tliree trme perloils late ‘winter/spring;, summer, and
fall/early winter. The actual months these periods. cpvel run from about mid- Febrtraryv
through May, June through mrd September and .mid- September through mid-December.
‘Some crops will be harvested within one period, others will extend over two cycles aitd
still others, notably tomatoes will contmue to bearthrough all thrée cycles. ~

The followmg plantrng cycles are based on first-hand experiences in the Fisher and
Yanda greenhouses ‘We. are 1ncludrng bothMrples f different modes of operation lgri
two drfferent olrmates lt mrgllt be noted that nezz‘hel of these greenhouses have any water

" The Fisher Gre'enhouse |

The Fisher greenhouse 1s located in a mrountain valley in, nOrthern New Mexico, altl-;
‘tude 8,000 feet, 36-degrees" north latitude. El Valle experi nces a high number of cloudy
days and the last killing frost-is usually in early= to- mid-June. The unit is attached fto an
adobe house. The design of the greenhouse is qurte similar to!|that déscribed in. Chaptler v,
but 1t has a vertical front face rather than a tilted one. Theé Fishers have chosen to shut the
unit down for two months ¢ach year (winter freezeout)‘rathe than add supplement l heat .
orotherimprovementsatthis timre-The planting cycle in the Fisher greenhouse is as follows:
Late wmter/sprmg In mid-February [ start tomatoes in peat| pots or Jiffy pots, bn very
cold nights they can be moved irito the hotse. Peas, lettuce prons broccoli and radrshes
(hardy cold weather crops) cansbe planted diréctly in the grednhouse beds. I recommend
succession planting for the lettuce. o
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Toward the end of March these late win-
ter/spring crops are going strong. At that
time | traﬁsplant the tomatoes and pep-
pers into the beds. I put the peppers in
with the lettuce as it will be harvested by =
the time the peppersreally start to fill the”s
bed. The tomatﬂes}; which are heavy feed- '
ers, go in a bed by themselves since they”
grow more rapidly and will.continue to
produce through all three seasons.
At this t1me [.also plant pole becms
A very successful crop in my gre enhouse
(see Figure 46). They put most of theu.',)
energy into vertical growth and.thus dov.
not take up much space in relation to the
amount of beans they prc')duce,You do
have to provide a latticework: of stakes
or them to climb and it sil)oul‘\d’bxtend.
to the ceiling, as the beans will easily
reach that height. ’
‘Any additional summer crops [ 'want
‘to plant, such as cucumbers, cantaloupe,
pumpkins and annual herbs, also go in by
FIGURE a6 ) the end of March. Pve tried corn, too,
~whichwas flourishing in the greenhouse and producing ears in cedl'ly July. The ears didn’t
seem to be dnvelopmg, though, and when I pulled back the husks to check tlum [ found
, hundmds of aphids devounng them. If it hadn’t been for these insect pests, I see Nno reason
why the corn plants wouldn’t. haw dom very well'in the greenhouse. Corn is, however, a

__crop that takes up quite a bit of sgacu rchhve to the amount of food it pxoduces

By mid-April my UleellllOUSt 153N full swing. The peas, another fine crop for the unit,.
are a mass of blossoms and I'm getting peas daily. The late winter/spring cycle is perfdct
“for peas which don’t do well later in the mldsummel heat. Snow or sug arg}gﬂs the yariety T

[ usually grow, seem to do especially well i in a cool greenhouse. &

Lettuce is in its prime at this point, also. I harvest the outer leaves and let the interior
keep growing, except for those heads that need to be thinned, out of the bed. Lettuce is one
of the hardiest crops in my unit and has done well throtigh the coldest nights of the year.

Radishes are over by now and I can replant if [ want to but usually I give their space
to a summejr crop:-Onton "gre{ms have, of coyrse, been edible all along but the bulBs them-
selves are slow. to grow (and I’ve never had much luck with them). Now I generglly pL}ll
them up when they are still green and young and enjoy them in salads. Broccoli;is large !
and sturdy in mid-April, getting ready to head. :

- Mid-Apxil is also the t’ime"wl}en Istart vegetables in peat (or Jiffy) pots for transplant-
ing to the garden. They will have six to eigliht weeks to germinate and grow in their pots

&
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betore going outdoors, which 1&Just about right. If you start thun much ealllu thc plants
will outorow their pots, get badly rootbound and may be damaged before it’s safe to trans--
plant-them. This is more of a problem with cucumbers and melons, Whmhacannot tolerate
‘root damage, than with plants such as tomatoes and peppers, Wthh are h&rd affected by;
it. : /

.
3

Summer. By the end of Mdy the lLttULL and peas are harvustud Thc pole beans have reached
the ceiling and are still bloommg Tomatoes are covered with flowers and have gruen fruit
on them. Cucumbers and mclons are beginning to produce, too. The pepper plants are gr ow-
ing rapidly and the broccoli i 1s still heddmg The herbs can be used daily, cspec\lally parsley,
which is a plolmc produur The crops that were started in Jiffy pots can be hardunud off
'(exposud to harsher outdqm WLdthI) and transplanted to the garden. )

~ Inmy experience, sc‘)m vegetables that were planted directly in the beds can bc moved
outdoms even though they are quite large by this tlme_l havc transplanted lomdlou peppers
and brouoh blossoming and fruiting, with noiill effccts on their productivity. My bl’OL(,()ll
actually benefitted from thu move as the garden was coolcr than the g,rccnhousu

/ g

Fall/early winter In early Scptcmbcx parts

of my glcenhe)/usc take on an autumn
look. The be cl{] and pepper plunt§ are fad-
ing; the ;.‘ucumbem cantaloupes and
pumpkms are nearing their cnd'althoug,h
sonie ot thc fruit isstill ripening. 1 remove
all the summer crops except the t()mdlocs
and hubs Then | lcmll/c and get Imdy
to plant again,

Lcttucc peas, broccoli,/and a sec-
~ond plantmﬂ of pole bcam are my fall/
early winter crops. They WZIH thrive during .
this period although the beans do not pro-
duce quite as wellin December. Thc unit’s
summerlike warmth in the fall plomotc
fast” germination and the u)ol tempera-
tures later on are p,évrfect for these vege-
tables (see Figuré 47). Through succes-
sion planting T ¢an keep peas; lettuce and
‘broccoli going all winter, but I prefer to
give the greenhouse (and myself) a time”

of rest.

FIGURE 47 L
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The Yanda Grieenho'us . N

The Yandq 0reenhous is located 15 mlles north of Santa Fe, altltude 6400 {t., 36°
nofth latitude. The last kllllhb frost in this area is usually late May The front face slope. of
this greenhouse is 60°; it 13 run.year round. The ’rollowm” deserlbes the Yanda s planting
and maintenance schedule and the different vegetab]es they hdve planted and worked with.

Nambe greenhouse Plamlno and Maintenance Schedule _

Mld January: Plant co\ld weather crops—beets, broccoli, peas radishes, spin’acl let-
tuce anv herbs. garhc ndsturtlum\ , marigolds. In the house start tomatoes and dnll pep—'
pels for transplanting into thL greenhouse in several weeks.

v Mld Februaryﬁ Transplant start\s into the greenhouse. Stalt any permanent plant ex- -

cept very warm weather crops such as cucumbers and melons. : .

M1d March: Thisisa deLeptwe tnne of year.. l:vuytlnm in the unit is L,IOWIH” like 1nad

and Lucumbels if you plan to leave them in 11 e 0reenhouse
» Mid-April: Now start seeds Ior galden transplant.

. Mid-May: Harderoff garden trdnsplants by eéxposing them to harsher outdom weathel.
Do this for about.two weeks. Start some taill of climbing plant$ for summer shading. Sun-
flowers (see Figure 48), morning glories, hollyhocks, etc., - can be used outdoors on the
] Southt face; pole beans have been used inside. . y

P -

FIGURE 48
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Summer Tlus is a trme of heavy producuon in the reenhouse Keep—the-greehirouse Sl

clean ;T well ventllated and the msects under control (Nate: the greenhouse S'l’fould always .'

X med Help pollmate certain crops. Tap t tomaicu)lossoms hgh‘tly at the’ base of eachﬁtrster :

2

use a small paintbrush, dabbmg the male then female ﬂowers of ‘-the melons and of the

S cucumbers. Enjoy your produ'c,e e & SR
\ Mid-August: Start vegetables for fall and winter harVestmg in the greenhouse Sueh
vegetablesas broccoh peas and beans should be fully grown before the 1eally ‘cold weather
sets mn. : s -
~September: Some; Or garden plants can be transplanted back mto the greenhouse
% Check for insects and drs/ase t1r sy " c

[

_._,- —_—,

Fall-January: Check the greenhouse fer.any repairs that need to be done Contlnue T

—  to pollpmate and}nm back foliage on tru1t1ng veg%l[es\m front beds R ' - Q
Mid- December to Mid- January This 1s.ille coldest tmhf\t:laeygeah and because of - L
short dayhght hours all plan ts show a slow growth rate. You may find tlus\a\agood trme tor | é."

really clean out the green 1ouse; ‘wash all containers and boxes, replenish the soil. Tlu

is an excellent time fo get r1d of any lingering pests by ireezmg them to deatl Sunply .;l-\-’ i
—— open up the greenhouse at mght for a week to ten days Close it durmg the,day and- turn T

e so,tl rrrrrr veral*times.. L1ke us you may find this the most reward"mg time” ot\the year tq

have ag den .Hardy and cold weathcr plants»wﬂl grow durmg this penod wlthout added

_heat.~ S : ~ : , ,\,

The plantmg chart: (Appendrx B) W1ll grve you a full llstmg of varretles tlm%f plant-

_ing and locatr@ns we’ve used in our grecnhouse

* > - ' ! °
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FLOWERS IN THEAGREENHOKU‘SXE o D
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Houseplarts Inmy experrence all houseplants thrive in the solar glLLllllQLlSt‘ Many Deonle

——— . give_fHeir plants an mvngoratuTg outdoor v’acatlon durm0 the summer. A vacatron in the - l

- greenhouse is even- better The color, size and density of lohage 1mprovestremendously

—— . and the plants look as good or better.than when they were new. Therefore, 1 recommend

' that any plant sutfermg from the wmdows1ll coffee table or bookease blues be transterred
into the greenhouse for a couple of months.or more. =~ ‘. .

Light and humrdrty in the greenhouse are two important factors in rev1v1n0 plants

S

- . dlrect sunlight, Just as you would in your house, * T
- Hardy houseplants can stay in"the greenliouse year round“ unless you are plannmg a -
solid wmter freezeout. Gerarfiums are, one. of the best examples of this-At about 22 de-
'grees mine d1ed down to the roots, then ‘made a magnificent comeback in the spring. If
your gr‘eenhoUSe temperatures never drop that low, cut back the geraniums in mldwrnter
anyway. By Aprll they will be beautrtul again. © . . - , .

Be sure; though, to- place plants~that are- suscept1ble—t1rburmng~m~a~loeahon“away from~—~"r R
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“hardy in my unit as well thbugh agam they d1e back when the températures are in the
twenties. The color and vigor of the new leaves in sprmg is incredible. —
More tender houseplan s, such.as the coléus, benetrt greatly from the greenhouse™ -
& envrronment But they must {be brought back into. the house durmg the coldest months.
unless your unit never freezes,| In this category, I have found thit fuchsias, swedish ivyand .
spider plants are especially cﬁntent in the greenhouse. I treat‘th‘em exactly as’T'do in the , U
—— house; in-tefms ofwatermg, t mmmg and feedrng

Y

o

o —

e Garden plants All the ftowering plants I normally have n my garden grow beautifully in

' the greenhouse Choosmg thlose to include in the -unit involves considerations of space,
_size and 0e\eral planting laydut I prefer smaller varieties that add color but don t require

\L‘much‘spaﬂ My favorlte in- thrs c‘ategory and one of the easrest is probably the petuma

, _ on” Ttion. Petunias ar&camslder-r R ——
greenhouse they have become perenmals (hardy to about
2 €es). The ’sme&prph s to mar1golds an(panstes Pansies, like petunlas nee%to be
cut back mrmdrcally All thege- types of ﬂowers bloom contmuously ; - \f v

AV a varlety “that 1s recommended for north srdes of walls (Engleman ) Ivy) and my : \\“‘

— The‘tfl‘adrolus*bulbs‘l plar

T In—thls reglon gladrohrs are 1

, dug up and brought in, durlrg the wmter In my gr nhousc however they remauu the\
ground year round"they—@fe back to the—bulbs m fate fall; prollferate ‘and_ return with in- .

——

\;\creased beauty in the ‘sprrng i . o . el o e

N

: problem corner_has 1 eerrtransformed 1nto haven of green . ; Bt

. . \ e

:' - ) LI
Transplantmg The greenhouse prov1des prime condrtrons for startmg ﬂowers to transblant
uuu thre uaruen Youcan getja good headstart on the outdoot growing season and thus get
much more-emoyment from your flowers during the summer; ; \ i \

T ln eary,_p_nLIstart p*remmals such as poppies, dmsres arhd colunrbme in the green- t \
house they can be transplar ted sooner than annuals and wrll usually“bléorn the first year | -
S Y -
wrth thrs krnd of headstart. [ ant annuals mcludmg marlgolds zmmas mornlng glories

oA

——and sweet peammrd April. 7 "7 = o \
l One.of the advantages to startmg flowers this way is that Aprll temperatures in the ,
?—*-greenhouse are‘vvarr*ner‘and~ orercgnsrstent than outdoor temperaktures here in early June — o
 Seeds therefor‘e\g‘ermmate faster and I can keep the sorl evenly morst durmg the crucral‘m, ) :
time of gerr"nmat\gt I A ; : : ‘ T
- Icanfalso set he- plantsl out already several inches. lugh and hardy, in. any confrgura- Co
- tion I like. They- are properl %paced and I know 'hey will remain thatU I have never o
been able to achieve thrskmg of symmetry (without a lot of effort and frustratron) when * E .
sowmg seeds drrectly in garden beds. Startmg the summer garden in the greenhouse 18 thus o

— -




““marigolds are the three I’ve transplanted successfully

.—readyJQJ:ope mth any dxﬁferences In the growing condrt1ons

MAINTENANCE

a 5.1\.« j\Jy 19U 111N QGllld 1A D _yl\.du.\.«u M AWVLIINVILIL LD ULALO. f . 1‘
Many flowérs can also be transplanted into the greenhouse in fall. If you are-careful |
to getall or most of the roots, they will continue bloo1n1ng all wrnter Petumas panéres and - |

- Generally it doesn t make niuchsense to dig up hardy perennrals that are well estab-
lished in the garden, bu't you should follow your own preferences 1n de01d1ng what flowers

to transplant When you do get ready to bring them in,|dig up‘ the roots with plenty of soil - —

around them. Thrs lessens the shock of transplant, decreases the danger g the

roots and gives the plants the 1llusrorlﬂ/}a’ttnoth4mpened to them. By the -
time their roots have/grown ‘beyond that ball of sorl they should be frrmly grounded and

. a

4 i
g |

Watermo The amount -of watermg that greenhouse plants need varies accordmg to the sea-
son and, climate. In summer and over prolonged pel1ods of clear days (anfy time of the

year) they will requrre more water than on cloudy days and during most of the wmter

Défermine thé amount of watermg you will needabased on personal observat1on and R

;,,perlenw The-best-way is to stick you yourandex “finger| down mto the soil. The sorl ,should

be morst not slushy. - - A
DO NOT OVERWATER‘ A oreenhouse uses muc!:h less water than an outdoor garden.
Humrdrty should not be a problem in the greenhouse if you run it properly Overwatermg

o]l B

&

tan rot the r%ots and create other problems Use rarnv\i’ater Whenever possrble it is good
for the plants . :
In m the best time to water thé greenhouse 1S about noon. In summer .

' evaporatrng water cools off the unlt and keeps the temperatures comfortableldurlng the

cold night. Dunng the cold months if is best not to water on eloudy days. ,
The equrpment you.use can be as simple as a large‘ waterlng can: In-the summertlme -

you' ‘can water the greenhouse with a hose from out ot doors. ldeally, though installa

'hose in the greenhouse for yedr round use, ‘with an, 1nsrde taucet to att‘ach it to. Ineorpor—g

at1ng such an arrangement into. the design of your (greenhouse will save a lot of time and

work Also, T recommend buymg an attachment that will allow you to spray a fine mist,

!

. afternoon. ln wrnter a mornifig Watermg with lukeularm water will help the plants after a _j

benefrcral for newly planted seeds and young seédhngs \ .
"~ Slow watermg 1s'always preferable to quick, foreeful watering. The soil is better able
toabsorb the moistuye and you’ll get a true idea of how much the ground needs and can

, use A qurck flood will not penetrate as deeply to the roots and morens lost through evap-

oratron. -

-
T
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*Air circulation. Plants need good air crrculatron In the summertlme this is alded by having
the exterior door and all exterior vents open On wmter days open vents to the house. Al-

ways keep fresh air circulating through the greenhouse N

. \

(" E B ﬂ’ . . . 1\

L
&

Crop Rotatrorr’Rotatmg crops is a lnghly recommended method of marntarnm healthy

—— " soil and gettmgagood harvest overanumbepoffyears—DtﬂFefent—ereps—takevarynrgmm
~ of nutrients out of the soil; some actually enrieh-it

The “heavy-feeders’ include tomatoes, cabbage (and members of that famrly) corn

all leaf vegetables such as chard, lettuce, endive, spmach and celery, cucumbers and squash.

They need to be well fertilized and should not be planted year after year in the same bed.
- ,Leoumes (notably-peas and beans mcludmg soybeans and lima bedns) are good soil
I burlders they “fix” nitrogen from the-air, storing it in the soil for plant use. By alternatmg

crops of. legumes with-the-heavy feeders youwil-be helpmg“ the sorl to- mamtarn a healthy o

-balance of vital elements. - L
S _med%%%@%MLcrops called. ““light FéEdEIS Herbs and root vegetables

belong in this group. If you ’ré uncertain about how to c’lassdy a plant it’s usually safe to- -

m.clude it here. . - s L : - :
% Flowers break down into these same divisions. But un]ess you put all of the beds in-

to ﬂ\owers they should not present a | b1gJ)fob.lﬂn Just relocate them from tnne to trme L

& and keep tlle soil welhferfhzed » t/
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Compamon plantmﬂ Vegetables and tlowers grown side by side comphment each other

and make the greenhouse more attractlve Compamon plantmg, mixing one plant with

another in the vegetable row or ﬂower bed 1s good practice in any garden but ls espec1ally
benefrcral in thé greenhouse. - i ' :

Some I;asons for companion ,plantmg are: certain plants excrete a substance above

and/or below the ground which protects the plant other plants growm0 nearby also bene-

fit; a plant that needs a lot of light may be a good companion to one ‘that needs partial
"“shade; a deep rooted plant-may benetit a shallow rooted plant by bnngln0 upgrutrtents

from deeper 50il layers Compamon plantmg mcreases drver&ty in the greenhouse and tends.

to frustrate insect: feedrng and thwart burldups of insect populatlons The Yanda s plant
lettuce, radishes and’ other low growing vevetables under their tomatoes, Apeppers and egg-
- plants. They pldnt clumps of herbs such as. basil, anise and corrander throughout the green-
house. Garlic and marlgolds are found'in each bed. Frances Tyson keeps garhE ‘growing not
,tonly inmany spots in her greenhouse but also ground up in a jug of water in her refrrgera-

tor-so—that—she—can spray any wiite rly, cabbage, mofl, aphid, efe., whrch dares enter her

greenhouse. o . -

‘.. Be careful when planmng the layout of your CTOpS; companrontplantm(Y doeg take'iq i

some thinking through There are obwou"s"ﬁuxes that ‘will no‘t’prk two plants that grow

tall two that have deep roots and, so on. Some plants do not like other plants. For exam-

ple, kohlrabi and fennel should not be planted next*;o tomatoes. Some«plants that do well

fo together are carrgts ard peas kohlrab1 and’ beets tomatoes and parsley, celery and bush

: \ N . i 3
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;. every lrvmg orgamsm ‘your plants as well. Be sure to prov1de them W1th proper water, fertil-

.companions as border plants. . ' o N

R o ‘ ,. et N
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DOGS AND CATS S %

- T

| Pets can be a nuisance in the greenhouse Dogs w1th therr boundmg energy can trample

N seeds and plants into oblivion. They also love to dig. into and lie down in a moist bed on a

hot summer day Cats consider the greenhouse beds a custom made kitty litter box. In gen-
eral, all the problems you are hkely to have with dogs and cats in an unfenced: garden exist
in the greenhouse A gate of screen door is usually suffrclent to prevent animal damage.

" . [

»'t-,.«,_jnkrs—rzcrs '

Joan Lo1tz owner of The Herb Shop an%l Solar Greenhouse in Santa Fe, New Mexrco
(see Chapter VII) has prepared a Bugs in Your Greenhouse manual which we are reproduc-
ing-here: , ' , ’ R /

P

* BUGS IN YOUR GRI"%:ENHOUSE . .

WHAT TO DO?’—TWO STEPS

ly suitable for undesirable pests as ‘well. Have no doubts that in time they will find you'
You could build a greenhouse ia the middle. of a desert and...one day the slugs will appear.
You could have a most tidy greenhouse, but a summer breeze could carry aplnds or white

—_— a

fly in fo take up resrdence on your tomatoes. - T e

=
=

1. Preventzon is the best cure? v .
Maintain proper growth conditions for plantfs When we don’t get proper rest, food

and exercrse we are more susceptible to 1nfect10n ﬂu disease, etc. The same is true for

izer and temperature “conditions and ‘they will be able to stand off bug pests more easily.

' Greenhouses are specral places—good for you, great tor plants and of course potential- —--

Steady observat1on "Make-a habit of checking"plants regularly /Keep on top of any

- pest problems they are much easier to control when not wrdespread ' '
Malntam proper ventilation. Interior air movement produces stronger plants and deters :
- many insects.
- Sanitation. Perlodrcally remove dead, decaymg or 1nfested matter from plants Keep
floor and bench areas clean. When reusing potting containers, be sure to wash thoroughly

~and sterilize for-one lvour in a mild bleach-solution €10 parts Watd’r_: 1 part Clorox).
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Take Action Immediately. When you spot some-undesirables, what/are your choicgs?

- First, there is toplcal treatment i.e. sprays (lusts etc. // \
(1) *“Organic’: Some of the suggestéd “ orgamc sprays, suéh as\t,drhc and pep—
perjmce have very limited success in greenhouse conditiong. |

(2) Botanicals: these are npttually occurring pesticides. They blodegrade rapid-

= ,.."L‘,: ty-and-have: llLLlC’IILbl(.lUdl effect. Nicotine, rotenone and pyrethrin are the major

botamcals Very suitable for ase on eclrb le plants. NOTL Nicotine s fine, as an_
insecticide but don’t let smokers touch your tomatoes or smoke i the green-
house. Tobacco Mosaic is a tomato disease transmitted by touch. Smokers—wash .

your hands before foridling tomatoes! : ‘
(3) Chemicals, First there i the heavy: duty stuff. Usually will produce qurck

results but do not degrade rapidly and have a hlg_,h residual value. C‘hemrcalsa're‘“ —

not reconn_r_enrled,_espegauy for gFEEﬁ‘hOtISES_ﬂWﬁaC])Ld——tO resrdcnceg

-

2.
- 1
T e
7
o
K\
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the llfe cycle of pldlpt pest, thereby mhlbltmg their ability to reach maturity
and reproduce. They are just beginning to appear on the market.
 Systemicinsecticides are chemicals that are mrxed with, water and then fed

%10 the plant. The poison then permeates the entlrc plant When peéts ta]\e a bite— |

they CrOdk Obv1ously, this is only for use on orndmenta] plants.,

th iniques for spraying include hand sprayers ghke an old wmdow cleaner '

bottle) which are great for small jobs. Ofie to two gallon prC‘i‘sLllL pump | spraytrs
are bttter for larger jobs. When in cloubt DUVK' '

~ , N
Treatment mixture - Put a plastic bag tuound Tum plant upslde down in- \‘f
the pot-—tastcn dt stem.  to l;zteatmcnt mixture agrtatej

! l

B T . ‘3 gcmtly,xeﬂnovc - j

;
y L) / -

l

-CAUTION! Rémember, all pli{b'[l(,ldCS botamcals as well as chemicals, are|
poisons. Use only the meo,mmtn(lcd doLage or less. Keep dnldrtn and pets out of

dunng appheatlon . A ;L ’ o

P \\ s / T . _'f,

-Another cholce is brolomcal control u§1nU bug_{s that like other bugs for luﬁcht

(1) General Note Brologrtal ‘control a'ttemn’ts to keep both/ benéficial as well

as harmtu] m<etts in balanu Pests are ohly UOI]S]dLred as such when their num;—

bers are out of LO]]tIO] Predators d(_tle“y /‘teedX on their prey Paramte&seek to
eomplete thcn hte LytﬂLS on or inside a ameutre h\ost ) .

" They are vcry etteetlve in grcenhoutscs' The USWQf predators and paragjtds

tor pest control WclS very widespread i the 1920°s an 1930’s in England. and

€ anada When Wolxld Wdr [ came and \}llth itDDT and a/ hxther petro- ehemit

L g2/ A

’ | ' L / [ - - N M L.

' the greenhouse fora safe penod Mtex th\crr use. Usa a mask if possrblc and glovc7 A

5

/

“Then there are growth regulating agents.. These are sprays which mterrup‘tf’f‘ :
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dseduced into behev1ng these new methods were always better. As we all know .
now, the price to our environment and quality of fffe has been very hlgh Many
plant pests have also been able to develop immunities to sprays. Thus stronger.
chemicals have been developed; the cycle i is indeed dangerous / :

Predators and para51tes are snnply released tQ munch away an 1nfestat10n. o
_There are various fypes. ‘ '. . '
(2) Broad spectrum predators and parasntes lady bugs praying mantrs green
lacewings, trlchogramma wasps etc. v .

These are nature’s own and always good to have around. But they have
limited efteetrVeness in greenhouse s1tuat10ns They’re called broad, spectrum as
’ most of them prefer a smorgasbord of 1nsects for lunch. They like a little of this
and a little of that. Also, they are highly mobile. You can go through all kinds |
of efforts to bring in hundreds of ladybugs-to your greenhouse, then after three

‘days you won’t be able to find any more around-—because they left to find some-
thing else for dessert.”
_(3) Frogs, Toads; Salamanders "‘:\r 4 .
- These are great to have around They will eat big splders and the grasshop—
pers and crickets that will Just love to call 'your gregnhouse homc They musta -
be removed if you use any. pest1ctdes o l . :
‘(4) Host spec:ftc predators and parasrtes Very ‘effectivéin greenhouses!
Nature’s own-these are 1nsects usually quite small, that pr@fer only one or
two types of bug for lunch. They re not'as mobile gnd as-sucl® are more efféc- .
tive m greenhouse, situations. There are predators or parasxtes f@r: spider mite,
white fly, scale, flies, mealy bugs. 3,3 ‘ . ,
(5) Maintenance of predators: Once a col@ny is 1eleased the ploblen;ryarlses hat
‘thaey will die of starvation when\hey have eaten all their host. 80 to sustain a
~ colony kee;h sa¢rifice” plant on\ hich- you allow a p'11t1cula1 1ntestat10n of
' pest to.contin g P rrodrcally @_OVE\Q few of the leaves and place thun as food
in areas where you know the‘p’rtd/ators are still at work. ‘

R ) 5\
a r ’ : \

Here are some mechamcal methods of pest control ' .

(D) Wlnte fly, for example, love the color yellow. S0, by hanging.common yel-
low fly paper next to-tomato plants then sl dl\]l’lé the plant ‘you can catch qulte
afew. - N : f

2) /Co’ld'fumigationrr most plant pests cannot survive a weekyw-ithou,t food,

m__,ayeunfortunately abandoned- many -of. the older and saner practlces We got—w—

" Thus, if you pick an appropriate time when there mig,ht be a lag in'your plantlng,,

schedule durmg the wmter just open :the doors aﬂeHef the gleenhou.se treeze

out for a week.- e TR G / ' o .
L ¢

3 (3)" Thumb and forefmoer sqfuash grf you’ re squeannsh wear gloves) o
@y Vacuum cleaner 1nhale (g%od “on white ﬂy) ’

&

PR T‘,‘_
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D Compamon Plantmg Using plants that have a “bad taste” to repel pests fromt o
plants they find appealing. Marigolds, onions, garlic, chives, etc. planted near toma- - :
toes tend to repel aphids. Many herbs such as sage, rosemary, thyme rue, tansy and
wormwood are also. etfectlve

TE. Trap Plants: (%rowi,ng a spé"ﬁci_fic plant to ““trap or entice’ a sp_ecific pest. For ex-

. ample, white fly is. drawn to tomatoes like bears-to honey. Plant one in your green-
SO house—when it’s loaded with whlte fly— gmgerly remove if— dump it'inta sack then
destroy. e
F. Genetic Resistance: Many plants have been developed with built in resistance to
varlous plant diseases and pests. Be on the lookout for these varieties in your seed ca-
talogs : '
“ Py -
Want to have some fun? Get a 10 pewer lens. Start poking around looking at leaves
and bugs—up close-they’re fastinating and kids love it!
Reference Books :
. .. Most plant books will have sections on bugs, but 2 very good knowledgeable referenc-
es are: . ’ : o o
. _T/'ze Gardener’s Bug Bdok (4th edition)
e ‘ by, Cynthia Westcot‘t Doubleday & Co. lnc , N. Y
. = The Encyclopea’za of Orgamc Gardenmg . y
Rodale Staft, Roldalle Bress, Emmaeus, Pa. .
frs j ¢ ) B |
Soufces of Supply . T : -
Topical Insecticides: Most local nurseries and pla,nt shops
* Bioldgical Control: Ny . L
. ' ‘ Biotactics (predators for spider mite)” " %
, - | ‘ 22412 Pico St.. . ’
; S " Colton, CA 92324
. ) : ‘. ) o . :
' & Rincon- V1tova Insectarles (predators for spider m1te scale fhes
S T _ Box 95 " mealy bug) Also trichogramma, lace-
S - i Oak View, CA 93022 wings. . ,
. ; s . The Herb Shop (predators for spider mite, scale, white ﬂy
| : , ' 1942'% Cerrillos Road .. - T
L Santa Fe, N.M. 8750t =~
' ) Bio-Control Co. (ladybugs)
~ w . ..10780 Ladybird Ave. = S
" SR - Auburn, CA 95603 -~ -~ .. _ ;7 - !
a - R | 85 L
e . ST ¥



PEOPLE AND PLANTS " o - _

\\ When children are old ehough to contribute their love and labor to the greenhouse,
« S\ Turge you to let them. The only skill required for planting, watering and harvesting is judge-
ment—and perhaps intuition. 1

Jn my experience, children love to

" work with plants and the plants seem to
\béﬁet‘\it\from the care of children. The re-
sults are fairly immediate and highly vis-
ible, yet mysterious. How does a seed .
turn into\a plant? But it does and it
Jaréws quit‘kly. Children have a single—)
“minded ki'nd\"x.pf energy that can be chan-
neled into extraordinary care for the
plants. It’sa mu‘tually supportive relation-
ship. o '
The satisfaction of greenhouse gar-

dening extends to people of all ages.
Most of the work is not strenuous and its

everyone, to give it atry. The natural pace
of this work is unhurried: the environ-
ment is relaxing and absorbing. You can
enter the world at a differentlevel in the .
greenhouse, be transported and totally
involved at the same time. '

rewards are great enough to encourage \ “

FIGURE a9 L »
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_addition cost her 90 cents per squarg foet and gave her an,extra 480 squarg feet of grow-

CHAPTER VII S The-StaFe of the Art”

/ ’ ‘ "a
\ ‘ I ¥ - .
In this chapter we’ll give yoy an idea of what’s being done in tPre field of solar green-

house design. As you will see, there is no one solution to combmmg greenhouse features.

" These structures, which are only a representatlve selection of the kmd of work that’ s going

on, offer 4n amazing variety of approaches. Most of the designers an owners are happy to
share their knowledge and experience; we urge you to comtact-themformofe-information-

“\When writing thegn, alwasys enclose a self- a«ddressed stamped envelope. Many sell detarled -

lans and offer consultaht services. You' will notice that the designs include treestandmg o

nits, attached or retrofitted modeld, and newly built greerrhouse/home combinations. ;
We have divided this section up into individuals, reseérch mstrtutrons and organiza-

trons and manufacturers Sometimes they overlap.

‘\ |

L5

/o : - L

| i ' INDIVIDUALS } _ _
The Herb Shop : R . :

\ / c

Thrs umt might be-considered the mother of solar greenhouse design (see Frgure 50)
As far as | know it was the first such commerual greenhouse in the United- gTates The de-
sign is based on the work of the Bracc Institute (m Canada) and T.A. Lawand. Joan Lortz
the oWner adjusted the angle of the front facc and the reﬂcctlve back wall to corrcspond
to the\latrtude of Santa Fe, New Mexico. Fhe north wall is at a 78 degree angle.(angle of

. the sun at summer solstice) and is insulated with 4” of fiberglas. The interior is paneled

with Masomte and pamted with a glossy white enamel. The rafters extend from the roof
peak to| the ground and were originally uncovered for thc lower 10 fcet Joan covered this-— __
area w1th corrugated Lascollte ‘to make a greenhouse ‘preheater)” “buffer zone” and
cold frame area. Tt stays about 25 degrees colder than the main greenhouse at mght This

-

ing space., . : _'
Occa51onally a customer will challenge Joan about her use of supplemental gas heat-
ing. She rephes that she’s in_the business, not playmg games, and that the heater is the

' ning 70 degree nighttime lows, which is considerably‘higher than those maintained in non-

most cost- emcr‘ avay of backing up a system that's sU percentesolar Joan estlmates that
it would cost h’e ‘ \3_,000 to install an active solar system to capture the 20 percent nop-
solar power that the gas company furnishes. Her average $32 a month gzrs bill for the eight--
month cold' season compares to $160 a month for a similarly sized conventional green-
house in the area, and bears out the effectiveness of her design. Incidentally, she’s run-

commercial greenhouses. ~
i — I—— - " : . ) . - . S—

87



FIGURE 50 [

Some thermal storage is provided by sixteen S3-gallon drumsgthat also double as table
supports. Although these drums receive Tittle direct sunlight. they do contribute to heat-
ing when the ambientair drops below their temperature and help to stabilize temperature
fluctuatichs.

One drawback to the desizn of this unit is that the entire elear arca approxintes i
normal gngle to the summer sun. This may be all right for Quebee, but it ereates overheat- -
me and plant-burning problems in Santa e Joan has used some ingenious low-cost meth-
‘ods to combat this problem. One of them is to attach a $1.98 misting nozzle to a hose and
hang it in front of the air circulating fan. Thi®hvill lower the temperature 10 degrees in 10
minutes: she turns it on several times during o summer alternoon. She also trains scarlet
runner beans up the west wall to block some of the atternoon sun. .

Joan and T have often workéd together in planning community solar fgrccnlmusc SV's-
tems. Her ﬁ;n'licul;u: expertise is in organic growing methods and hiﬂ]ﬂ}iit;ll control ol in-
sect pests (sev (‘]1;11)1@'1‘ V1), She ships 100 varictics of organic solar-powered herbs all over
the world., You can order from the address given below., ‘

o
; ’ H

Owner: Joan Loitz. The Herb:Shop. 1942V (\‘rrillosll{d.. Santa Fe. NM 87501

Designers: Brace Tastitute of MeGill University . and #15. Lotz L ‘

Builders: Joan Loitz and friends ' |

Floor Area:- 1600 square feet [= ‘ ‘

Clear Arca: 1042 square fect (grccnhousc):48()_5(&5}11'0 feet (cold frame) = 1592 to-
tal square feet : E g '

) , ; <

LA €
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Sixteen 55-gallon drums ( 880 gallons of water \‘,‘7
150,000 BTU (adjusted) natural gas heater

r

Thermal Storagé:
Supplementary Heating:
Material Costs: $3.40 per square foot, plus beer (1974)

Main Function: Wholesale, retail and mail order sale of orgamgally grown herbs
i i
T e s
Weslev and Frances Tyson ; - o &\
i 4! NE
, | , ; .

Ak,

o Co I designed and. bmlt the Ty sdn S %olau oxemhouse for t\em\xtly after they moved

trom New Jersey to Santa FL Attu AaTnmn their property. 1 told the TS’*SQ\]S that there

ome without demollshm” several tIe€S\,FIdnC€S

didn’t really care, as she consmus most of the large 1mp0rted trees surrounding hm*hmne; :

water mongers. dn\‘?\vcw But I dldn t want to be the assassin. So, we decided to build an
independent ”It‘t.nhOUSL on a hillside-near the home. At that location the unit could be
sunken about 4 feet into the lnllsnie and the north wall earth bermed (earth piled against

1
4

- the wall above grade). ‘ |
This unit has proven to be/thc best m a long series of my dnswnx and contains several

lm to wqu well together. The tilted back wall (alter the

|

. fmportant innovations that se

3
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T, matrng normal to the summer Sum.: . : , , e

-

[V

-

N Y

hed s : . ’ 7

year Ihe wall is a tight sandwrch Qf msulatlng mater1als From thﬁ.«ms;mey "t 1t contalns

1/4 she;etrock texturee and: palnted-glossy wh1te alummum foil, 6 fibélas- insulation,

Y Celotex 31d1ng, 6-m11hmeter black polyethylene arrd 1” overlapplgrough lumber
: .(Flgure . T P SR

: The south wall 1s at a 75 -degree angle to'the horizon and 1sframed un on a low (16”)

: concrete frlled pum1ce. block wall, The southern skln is: approxnna ‘ly flO square feet.

The south slopmg roo‘f has alternatrng ‘clear-(fibet acryllc) and opaque (tm 1nsulat10n

' matlc heatpiston. - .- = e S T . P R : LT
- ."The roof may be thebl?ytotlle successful pertormarfce ot" the struet'ure My broiher-

sheetrock) pan’els A roof vent 1s set 1nto .one of the sohdvpanels and 1s“opened by an auto .

roof are 1nsulated -the unit stays warmer in the winter.and much cooler s 3 summer

N

' in- law Paul Bunker colla orated with me‘on the sdesrgn Because a‘lternate sectrons ofihe L

The sohd roof sections are also perfect for mountmg lnnged moveable pane]s "‘1f extra m-

sulatlon were needed. In this greenhouse there is only 50 square feetJof c"lear roof approxr*

<

~~~~~

f“land and our desrre to alter the natural envrronment as,_ httle as posSrble Smce very few
mornmg rays would enter” “the greenhousemthrough the eastawall” at this orlentatlon ‘the east
‘wall is-70 percent opaque ‘and 1nsulated Thie inside. of this solid. wall is reflectlve (tomatoes
.that are, situated. drrectly in. front of it show excellent blossommg and fruitSes he
wall is clear : - - o < s
- Tlus greenhou se was degigned to corntain ten water drums and haye moveable msulatmg
panels on the roof: With these prowisions, 1 estimated that. the’unrt would mam{arn 50
_degree interior femperattires at -10- degrees eutdobrs. With only’ four drums 1nstalled and -
wrfhout the styrofoam panels in place the greenhouse held a 43 degreélow at 40" outsrde
That § truly remarkable and. I can only attribute it to the roof design and the mass of the
msulated block wall (1t has an mch of styrofoam on the outsrde surface)‘ ' i

Frances Tyson is an experrenced gardener For years she ‘had"a large organrc garden

“back j in New Jersey Frances uses. growmg techmques that«would make a chemrcal‘ly ori-

. -ented gardener turn over in his sodium mnitrate. She uses. relatively “hot” manu\re heavy
green mulch, never ster1lrzes anythrng and plants extremely* densely. I’ve never’seen a

) greenhou,se‘ that; could match the level ofmroductron she gets out of the space she’ has,.

A Some of Franges’ techmques ar¢ discussed in Chapter V1. This amazmg wdman also ﬁnds

the development of solar energy and the abolition -of nyclear-power. (See F“gure 57 )

e

. Owners Wesley and Frances Tyson ’ N .
o \Desugner ‘Bill Yanda- -~ . * - B - '
Burlders Paul’ Bunker Susan and Bill Yanda : s S
Flob\r Area: 180 square feet S o ke ’ -
Clear\Areae South-s\face = }10 sq. ft south roof = 50 5q. ft.; east wall = 75 sq. ft
- west wall = SO\sq ft.” ‘ A s cul L 'u o
- \ RV 90 Ca -

‘
- .. " : . Sl &
’ Tt . - . .
: ! . . R T : i e
. : ‘ R - L . s b
P - ° B T o - I

N E PR "
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- time to build solar collectors out of beer cans, -and to speak to anyone.whd will listen ‘about

* ey,

T e, A

Wl

PO



e

e

i ‘ “:

é
-

’ stabll17ed adobe should be used.) The walls are 1mulate d with 17

. “Thermal storage Pumlce block wallﬁ*ﬁlled
;)Q,unds. 220 gallons of water (enulpsecl drums)
Tl"ﬁ‘e/rral Costs:- $35. 00 per square foot *

T

L., "Mdin Function: Vegetable production for personal /use. -

- ~

W

. ] ' " FIGURE 52 S C - '
William and Katherine Otwell: Michael Frerking . ., - N

- °

Bill and Katherine Otwell live in a ]5;1%sivc greenhouse/house combination that Bill. and
Mmhdel Frerking designed (s&e Figure 5

53). The an,}azmﬂ thing about their home is that its
totAl

Ot\/Le s and Frrking three months to complete. the. 650 square foot structure. The walls
of thejome are raw adobe bricks, made on the site. (ln more humid mlts of the LOllﬂlI‘V

of. stvrofoam on the out-

. 91 | , : o U

1 material cost was'S1. SOO and that 1mludcs a solar llOt water heater. 1t took the ..




with the plamts there

VeTu e high o 75 deerees dmmw the InsL

tures were 10 degrees and 5S¢ Llu'lu\lupur,

- » S ¥ i .
/ ) - N ' ‘ v .
‘«.,; ;. " FIGURE 53 - L e

side” JH)VPI l;tuul (w 4 \lmux I’lw areenhouse colldctor is made fromrreeveled glass,

Jl]d tln roof I\ reCy dud lﬂl]h(ﬂl(l\ \l night llu\ Cover-the gl ASN \\llh 2ol \l\mhmm for.

‘m\ul tion. There \Lun\{o be difference of opmmn mnumm" the amount of time required

to put the styrofoam d®ver;on the gl 1s<. three minutes (v s mmulv\ Fither way. [ ghink
10 dc\'iux mn run}mdlun S lVll]“\ s w k” W m& the instalk mun lum

2® i

“Fhe Onwells use o mmhm wion of sewer \IULILu sand, hlmui mml and potfing soil for

a planting muhu_m llu\ Jrive misted plLLnl leaves with watér m control their main mseet -

home poses one problenyin particular insect hassles are hmu«'hl mto the lmuw :nu-l'w‘lnm‘d

i that respects an attached solar “ILLI]J\UU\L that canbe shut n,H
from your homehas a dertam advantave.

The Otwells \'lL(’I]]lULl\k/hUIHk u)mlm]?nmn Ilnl an average low ol 83 degrees and

£ in use. Correspondige outdoor tempera-

So there thev sit, Katherime and 131 l()l\\k” 111 abeautitul low-cost completely passive

/501_;11 home m the Anzona }lu\'crl Theyre L"lllﬂ“ Treshh vegetables IrTom lllcn' \'rccnhou.\'c

\xlun i’ lxln\\ I]u/m\' OUd 0o, lmlmnu.l mmlmum of wood in VOTY. u)l(l weather, de-

\l"l]ll]t_‘ <)llm Im\ -cost solar lmmu. and defyving the m\lmn that such Ll\\’L”ll]"\ don’Cexist

\xl' tor fmllﬁ‘ mlmnmll(m \\Illk to: William Otwell, Arizona Sunworks. S'l.ll,, Route.
uho Vallev. Arifona SO323. s . |

(O] [

/

.pmlwlun ‘white flies: Katherine has noted that o arec nlmtm entirely mlcgmlul with the!

-

s
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Jemez House Boys’ Ranch’ . - S .
56\ ; T i .
4 . . e 3 < - ’ /: N Y

+Fhe Boys Rancl located near Espaftola, New Mexrco is a place where boys with

" learning disabilities or unstable family conditions are caled for and educated Thé man who

- has"had a great deal to do with the development of the large solar g;eenhouse on the pro-
perty is Bol Detwiler. Bob has had s1X'-;years of experlence an greenhouse operation and’

. B FIGURE 54

‘management. He is also a protessronal counselor for the retarded and for voun0 people wrth.

learmn«J problems He sees the greenhome as a natural rehabrht’rtlon device: Lvervone
can profit from workme with plants. I think one of the reasons for this’ 1s{1at there is a
kind of natural feedback mechanism involved. When the plants do well, they show us the
right \va}f\cﬁ'orkmg with them. In this way the pldnts validate our innate intelligence.”
The original design for this freestanding greenhouse was conceived by Jay.Davis. It
emploVed a system of exterior insulating panefs and shading devices that Bob felt was too
complex, so he asked the Sun Dwellings team to modity gh; design. They incorporated
‘most of the features of Davrs plan. but they eliminated the panels. The Sun Dwellings de-
-signers decided they could create an acceptable year-round growing environment by increas-
ing thermal storage in thetoek nd adding a simple system of tans to tap, the apex heat
and blow it down throuoh the rock storage Fidel-Lopez, the manager of the phvsrcal pl'mt

at the Ranch, further amended the angles of the roof to produce a basic 45 degree-A- ’rrame

structure. This configuration will begin to shade the northwall at solar noon on tlie 5prmg‘

: ey
equinox. ] - i




o T s e . U7 . The actlve heat transfer system
. I | : - . %?——‘—: uses four 107 1Ahors‘epower fans.
P BT o B f*, SR 4 The duct1 0\15 0’ reduced to8”
ST R T : ‘ ' galvamzedsteel stoyepipe(see Frg—
ures 53). Ex‘qgss reat is’exhaugfed .5
i .hrough three 18””roof vents. ™\
by riMSré venting is néeded, however AN
~dnd Bob plans to add low est and "
?v‘lugh éastvents in the walrs o :

i For lhe first winter’s Op'eratron

i

-ﬂre active ' aire urullallon system
~5Was not Lompleted l:vur wrthout
1t the bO}/b began planting at the °
Lﬂd of Janugry "and produced a -
healthy uopiof petumaq cabbage,
\\'\—/ T témﬁtoes‘ and chili. With only passrve drreet eam stomge in thefock beds, 45- deuees was’ .
‘ the 4west temperature recorded, w1th a rrfteen deg;ee outdoor low- Bob hqe estimated
that with tle actr,ve systemdn operatron on‘a. ﬁood solar day i in winter approxrmatelv one
million BTU’s will be vented from the unit to help. heat the frosty air of the upper io
Grande valle§ That’s one drsddvantage of an 1ndepmde.nt Ureenhouse . .

a . N

T . ‘ , FIGURE 55 -

Y

LY

»

) -

The Boys' Ranch looks torward to gext wmter when tlre ﬂreenhouse will put a tull
= arra\ of fresh VE"eIdb]ES on the dmner table , S , oo - ‘

- ‘ \.~ . A * h
I.;‘»- A ’
Owner: J¥mez House ro- < :

Designers: Jay ders Bob Detwrler Sun Dwdlmws Deswn team, and the Y;mdu green-
- haust class. -7 ’ )

4 - =

LY

S Builders: Bob Déatwiler, Fidel Lope/ boys and Staft of Jemez Hoeuse. LOs AldmOs
.. - L ’ . N .
Civitan Club. T N , : T v_ﬁ"a

rF’loor Area: 900 square feet (ﬁo‘m S feet below"grade):

: areeett] .} B
Clear Area: 720 square feet (front face).

-5

SO Thermal Storage: 70 tons of rocks (assorted sizes) and earth bnrm o S
Insulation: Perimeter = 6> of sawdust in plastic envelope: roof =67 trber “ld\s door =

27 stvrofoam and I fiberglass . :
. Material Costs: S3.88 per square foot, $3500 total . .
Main Function:  Su m]umrrmr\ food prodmtron ret dll \d]L of \tartx and beddluo
plants. ~ -7 ' ’
X B %
& 2 . 'A;
Hamilton Migel . . - " , R
Hdl \hvd 15 a deswmr and builder 01 exceptional tdlent [ first became aware of his
) . prolessrondl 5}\111% seven or eight yedrs ago when every adobe .mudslinger f}\new was saymo '
' ‘ L . ‘ ‘ . ‘ ; .94 - ‘

; - . e

)



neykest house?

Supported by thin steel ribBing. The knlm

Thouse front in late spring’

cerete slab over the rock bed warms the

oy : FIGURE 56

“have \ou seen tll\. detail work in Migel's

-

“Attention fo detail, func-
tion and form personifics his work.

Migel was the first person in this re-
2FOn 1o dcmo“nslmlc that a ‘grcumh'bﬁlsc
could be the primary, heating unit for a
large 1101“\. (2500 syuare tul) lh did it
witli’ \Ol]]L u\olutmmn\ ll‘lI‘lO\d[lOl]\

o

The doubleiwalled clear face is sep-
arated (or intlated) by a small Tan and is

clearwall can be detached tmm thc l‘lul]-

a\mg i qul_\

outdoor garden in full i Removing

ledr view to
the outside (also see Solur Room. p. | »7

the cover dlm pm\ldm ;

Warm atr s ducted fronm: lhu or¢ o

house dpex to a rock smmm Tred dnder

the house. then back mm\llu it to com-
plete the l(m 5. Radiant heat from lsl}u con-

house. Tlie svstem provides approximate-
Iy 80 percentof home heating.

sl




; ";\’l \ ;""1- ? # ’ Ve : 3 : /.A .
=t ST A - R
Q«Owner Hamllton and. Cand1ce Mlgel e ‘_ ) ”\\\\‘
R Desrgner “Hamilton Migel / = = }' T o
. - “Buildegs; Bmgham and- Mlgelg’lnc - _,g o N
AU Floor. Ared: 400 square feet (greenhouse) )
et h — ,,-‘t(S?ear Area: 500 square feet (greenho@e) Q
IR B Homie Floor Area: 2500 square feet T
SR A ‘-‘Thermal Storage: Rock beds under ﬂoor“of"home ¥ : . .
- A1r C1rculat1on 1100 to 2200 cublc feet per«-mmute (see 1ntake vents upper let\t ’
: Flgure 57) e j e N "."'* "*‘;"\* ‘ L S RN l\‘\ S
Syt T Mam Functlon Home heat‘ vegetables and ﬂowers TR PR T \A
‘ . e 7 . y ' . k . o rwwﬁa'-'—u-‘ e . % ,9 o « i : b .

.H \J B 7 ca ‘( : . . " % , ( R _:. . ,‘ E B - .Q . " q. . ‘ ‘,’_‘_J’ ‘ ’-. - _’n. .

" . 1 - . . i " . BT ,‘3 , . o ,}-\» v.‘::"f" .
R ve,;?z‘Da‘_'r‘id‘J. 'MacKinnonw . EEE o &l C T T '

a' " Tl PR . » oL ' S S &‘_' c b/{'j :

e Dave MacKmnon is not ¢ ly a sc1ent1st w1th sterhng credentlals but also a vrslonary

- w1th the harlsl data to back up his statements In con]unctlon w1th Vlncelnt T Schaefer of

“the State University of New' York at Albazz Dave has wrrtten a-Very. comprehenswe paper e

n :

L entltled “Can 4 getable Produc,tmty be E Omlcally Increased i the Northeasterﬁ Umted

- - -

s‘@me spatlal crlterla for the deslgns *".' g P ; / . \}hﬁ

£ E W - L~ - !
ToF T As part o\f a greenhouse research gram conducted by the Atll;os-
. ) pherlc Scre\nces Research Center of the State U’mvers1ty of New York. \
T e “ - atAlbany, Kodale Press, Ine.;-and the Musetun ofNorthem Atizona of ¢ _
U TR * Flagstaff, Arizona, agreenhouse is bemg developed for the purpose of . " \ ©s
|

prov1dmg the individual ‘consunier with vegetables from-<the home gar- | .
dén: It ishoped that the greenhouse will not just supplement, but pro- .°:, -
= vide almost all végetable needs. The greenhouse is planned to use lrttle - \ s
Ao .01 no energy, other than solar; to'maintain a plant grow th env1ronme1;\i LI
- ' %7 Year long in severe. Climates, A detailed cost analysis for the initial de- R
s 51gn‘ of the greenhouse has.shown that the materials will cost,from B '
T S $7 50 to $3.00 per square foot of growing area covered (refail prices - L E
in Flagstaff, Agjzona). After materialfesting, it is hkely ‘the costs can - 0 LT
be reduced $0.25 to$0.50 per square foot,of growirg area. Construc— et P
tien will be suff1c1ently simple to be performed by the home ownef ' I
oL lnmself The question-is: How e'conomlcal i8 it to grow your owh Wlth N o
this greenhouse? .. T
. Statistics for 1971 show tha‘t roughly 200 square feet of fleld space o o
~ Wwas s requireéd to provide the per caplta yearly consumption of ffesh . ... . X
~« - and processed vegetables (considering, only the'most 1mpo§ant vege- A
~__ 4 ' tables: lettuce, oniohs, tomatoes, cabbage celery, carrots, cucumber,s L
' ~ ' and green peppers) The greenhouse can be at least 5 tiies. TIFPTE pro- ’
~I ' ductqe per acre than the field crop, thus requmng 40 square feet of - 1 :
-~ ™. greenhouse to feed the average person every year. Thus, the capltal in- - s
o ~-._vestment per person for the home greenhouse space is.between $100
and $120. Tal<1ng the drfference between the retaﬂ pr1ce for Vegetables .

.E'-b -

.

g

W

o . * &
AN - . i 2 B
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\\\saves roughly an additjonal $28.18. A to-

v

lercllasecl in New York and the average
farm prlce of those vegetables (the farm "
. price is probably higher than the actual \
heme grown productlon cost) y.lelds the .
markup the congumermust pay tor vege-
tables. Multlplme the markup by the
consumptlon rate for each vegetable gives
the potential savings Achieved by ‘eating
home _grown. fresh veﬂetables this a- -
~mounts to.$514.09 per person pe? year. torﬁ
all fresh vegetabtes in 1971. Since '[]IL_
markup “for processed vegetables is_af
“least- twice: the fresh markup, #ic use of
lhome growri fresh in place of processed

tal savings of about $42 per. person®per

- yearcan be,achieved. The greenhouse capi- - : ' FIGURE §8_ ) R P
N ] _ : © o tal investmept can be paid“off in three .
T \\ o Lo S - years, The designed life of the greenllouse T
TN e ' S is at leat 20 years, giving : about’ 17 years -
T AN o . off'low Tcost, high quahlv vegetables, By & -
el Yt L oo going ~home‘g10wn the savings are not e -
R . SRR really-spectacular;but thengeither is the ’

amountb fiveget tables thw average pu&ou /’/- :

- consum Pexhaps when ‘there is lnttlu

else to ,,eat vwetable% \v1l} be worth their
Cwejght in, gold, Thera is no tellmﬂ whqt
e the .lI]]pd(.I ok dcvelopmﬂ a home 01own

H

.

] .

teclmolomv will be—it may \ml\ or SWIITY, ‘
we'll see in the vears to‘come.

= ) ‘“9‘;F|GURE 59 ‘ i ' : ’ . : _
= The paper also plesents maJor dltt.rﬂdt]}:ﬁb to a pomblc tood dlSﬂ\tL’I in the -highly . "
pOleldTLd northeastemr part of the Umttd States.. =~ ° - ° b T F

[ v 5 !
mnﬂ Jnd bmlduw the very. o\utmv \olm ElLCl]hOU\t shown n

’

a

%

. ‘ ¥
r . .

» : . . v : - '
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Douglas Davis - S T : :
. A1 N
e *4 . . v . > " ‘

[E— B £

DouU Dans of Gunnison. Colorado, has desmmd a urccnhouse dpploprmte to his drea ‘
usm0 a watcr storage system heated bv hot air collutors made ot metal lath inside the unit :
(see F]oure 60). The Collectors art sm"le glazed, w1t11 the Lreenhouse ulcar wall serving as




o7

- pHOTO BY C.F. KOONTZ . . FIGURE g0’ ST i N -
‘a second lusuhtmo la\ er. 'Davm desion Lmllf/ ’“OOU alummum beu' dnwlkd \wth watq

in.a heat Storage bin IOCdt ~d.under.the ar owmu are 4. A” mg rant ﬂo@; kgcpq tlgc 1111-@1101‘ warm
="
at night. Mov eabh Snsul atmo/reﬂegtmo shutters 1150- reduce mollttlm‘* h vt loss and protect .

- > - .‘<'~ 2 ¢ *

the glass from vandallsm. o ' e P %
In the first winter of opexdtlon the Davi

40’s in extreme outside conditions 01 20 dcwrces St -
Doug is preseml\ putting t(wuth ra book-on enerdy ¢ on?selvanon JoEE bmldni“ d sitn.

tentatively titled The HeawTight ll()us:’ He also olu@' 'Consultn;«T services on active and

pas%we solar. heating sy stems. l or: mou l‘nlmmdtlon Write lnm M 3,1 32 North Pine Street

gree I]]lOLlSt he 1’&1 thzlptl 1mre‘siin the higlﬁ -
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- -useé. He phns to build an attached unit this stmnier

- ’ . . W T P
. " . L]

- regular contributor to Mof/z/c’z Earil News, :md. JTJﬂ~ atest,L_ook *T/Ie Szu wral Gieeu./zonse
isan ¢ \u.lle.nt sourcetof mtommﬂon pm— i o
tlwldrlv in the areas of hyéhopomcs wmcf
generation and com ple\ éosy stém dtSl”Il
Jim and Elizabeth ]1dVC sét for thcmselws,
the c]mllenvm0 task off building a sdt«
suttluent life sgyle on
arld 111011 z%ltjal,e land
Memco 50
. Our main JHIGTCST '[m J1m S woxk con—

/om acre of semf

i

usrns his use of varle‘d lltL forms and in-
qependent power, m hig Urtenhouse der
§12115 He has tound ;for mstdnce that in-
trodtslcm0 rabblts mto his pit UIEt‘I‘lhOUS‘
mlproves Jplant Urotvth He bLllEVEb that
tlu Larbon digxide, that thg ldbblts >xhale ..
compensatcs to an e\tent for ht short
phOIOpCI‘IOd in winter months Thu De-
© Kornes are leso fond of rabbit for thc
table. and a paig of breeding stod\ will
produu as-mmh protein‘in one \0‘11 s a
large hutur pxowdes ' N
Jlm s\'btem ‘flso maomomtes a wind- /|
Uenemtor that? dTOnL Std”e Of e\pelunu’l-
tatlon powered an aerator t01 edible fish

FIGURE 61 s R .

4

that ate 5011 aeratmﬂ worms whose wastes were used to mal\c nutncnt solutlon for h\ dIO-

pomcal]v grown veszetables .quite a system. - - .“ . N

The onl\ reser\anon that Jim hzrs dbout his orwmdl pit mreenhmm d sgn is that it”
. was not attqched to 1115 house The excess Teat wntnd n the winter muld be put to Uood

[ think [lrat the varied approaches Jim has been mvol\'“ dwith fyarrant tmthu IL‘»\.JIL]I’

P

Hopemll\ sonn new greenhouse builder rs will be interested in developing LOH]D]L\ eCo-
svstuns tlut Wlll Contnbute to theé existing }\mmladﬂn in this area, T e L
s . e - . ’ . R

P . : *
a

Edward and Barbara Storms o — T

a R -

. Ed Storms decided to build an dt[d(.hcd solar greenhouse atter altendmw the 1974

* Ghost RanC,hBlo-Tecths conference at whmh L gave a tatk on the subject. The greenhouse’ .

. . <
g . - - o 1

99 & ¥

i . - v . . LI
Jim DeKorne 15 a famkhar name in tl l“rteratme ot 1ltemate ;:ne_,.gy 1e’searchx<l -m a -
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, "md a workshOp wuc To bc added to the frame hOUsC i;hat ln and Bdlb

2
.

: ’ [
'-4“!‘?‘ xt built. Since
* the dddmon would have no themml storage ¢ 1}5auly in 1ts\tramL wtllls, Ed decided to’in-
clude ap'active warm air system. w1th IoEl\ storage under the umt o :

»

};d ncountt,ned many ‘a do- 1t yomscll disaster as he. work d on lhe DIO]LLt He had a

bac}\hoe to do tlle excavatmg and it mnﬂedmtely hit the bLlI‘lCd g,as]me Then they came

‘ ac 0ss a bouldcr that even thev backhoe couldn’t budo,g, They bullt around it. Ed hired a
' icrete- compaﬂv to bring ovel the le The mxt two hours were th bWLLsI Suamble of

: llté - s - : b N * e T, "Zﬂ«' e

Cqmpleted now, the unit i a clean and ath 1c'tivé addition to the home (Tﬁ:fg_ure“ﬁl').

FIGURE 62 . - ,
The dnswn worl\ for the curved fiberglass/polyethylene Ru,c was dene by Mike Walson, a_
Sdlﬂ,d Fe architect The outer fiberglass is overlaid with moldmg and botted to thc curved
steel struts. The small greenhouse heats E d's 12 x 2% \Imp addition. The Storms’ mst’tl]ed

a back-up wood stove that t]uv_‘bb]vm t lmtl to use vet. Hcat to the shop is supplied by "
‘natural convection Ihmuvh the adjoining door.

The 16-¢ubic- vard rock storage pit has layers of s‘md plasm llun( ]ota\ scpamtmﬂ
it from the:natural \Olulnlt, tuft at the botfom of the excavation. Hot air from the apex
of thc unit is-moved down a black plvwood duct and through the rock bed. The fan is
~activated automatically whcn the mside air temperatute reaches 70 degrees. Ed’s extensive
momtormU of the tunperaturc differentials in the rock storage bed indicates that the iront
(south) of the plenum is not getting enough warmth to substantially contribute to mght

100
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[ ’ ' . : - -
- * ~ - a. e .
" :

fleatmo He believes that the temperature pr ohle of the plenﬁ’m W il hehirher and/more

even if he subsntuted a larger fan for the [ sqmrrel cage blower now in use. Overheatmo
in thé unit-due to thé all-clear cover could pose a problen

. CTOSs ventm0 should handle it quite edblly * ; / o

Y N

T The nwhttm:\e hedtm0 pertmmance 01‘ tlns design (Lven w1thout & laroer fan ana’ w1th—

a reﬁeshmg low- cner“vy eXTsteﬁce m the bleUI‘bb They have

Tl_le Storms aledlvm
some: very creative designs for a small lake and” trout stréam opemuon that would utlllze”{

rain water LdthlEd Trom the roof’ of then' home. Ti 1e{ have also ctéated awdl planned
&
terraced oaldelﬁto recelve gle house QtdltS with a Lo/moqt area to Ill'l)\llﬂl?e or game tood

FIGURE 63 .

Detailed plans of the Storms’ greenhouse are available thr@unl
La Paloma. White Rock, Ne\_v Mexico 87534, ‘

i

Owners: Ed and Bdrbdl’d Storms
Designers: Mike Watson, Ed Storms L
Builder: Ed Storms , . ” '
Floor Area: 140 square feet y

5 v . 101

thoug,h some lerh shadmg and .
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. x “ ' PEEN B v e
- Clear Area Flberglass exter10r/602 intérior * . :
. ; Thermal Storage:. 16 cubic yards of rocks, 80 gal]ons of water
- =" TInsulation: 1™ \styrc’[oam around the perimeter and rock bin
a : MaTerla Costs: $7 00 per square foot \ e o
o " Main Functjon: Winter vegetables; vegctable starts. N
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5 Lée Porter Butler ‘a San Flanmsco based® archnteot hds’ deve]oped a‘desgn that com—
o bmes natyral air c;lrculatlon features in a unique way. He calls theypassive desmn a g,rawty
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FIGURE 64 . -

driven huatmg and coolmg, system”” It is applicable to houses, larger structures and green-
hpuse/home combma.tlons The dmgram in Flgure 64 shows a schematic cross section that‘*
111ustrates the total concept that Mr. Butler has demgmd mto several Jhoemes [(see Figure 6‘3)
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A hOLlsn wnhm a h()ll\k

“side. This warm enyelope

_thréugh the 55 degree

’

. that determine dimensions of ducting and umxl;mlmﬂ*ot the storage: hmlll\ and Louhh
. wall, ‘ , B s : L

« Gregory Franta - L e

‘of the plan is that the heat

The “moSt important fea-.

Jhouse istpulled down and

by the cooler. IILJHLI air

One int

,,rcsting aspect

stardge medium s com-
nion carth. {rém thiessite.

ture thef duwn 1\ thée
doubh 1001 and nor tlﬂwall

LOHSU‘ULUOH INg 1sm ettect

Hot nglmm ‘the green--
through the” storage area
that falls down the north

surrounds the® house for
winter heating. In summer
a roofl vent is opened and-
outsides air is pulled -,
carth’ 10 u)ol the green-~
hOUSL and home

Lee first, built a 400()
square oot home “bused
on this design for his fam-

a

iy w hlk living in Tennes-

k)

see. l”lu ll]s‘l winter of 0cC- - . ., ’ . ' FIGURE 65 ‘=~
cupancy g oncg-im-u-century e stolm hit, knocking out all power linesand dn\m" HIL ’

m”httmu mnpudtuus below zero. l ven lhouuh llu davs wete overcast, with mnpualuu\
ncvu c‘\uulmu.nJr degrees, the lmmL hdL at 70 degrees dunn" the day and didp't dmp
lxlo\\ 58 du'ues at night, (with no- supplumnul heat), Lee o pmui the-top L\«ls of the &

honn to the large south- Idung are¢nhouse dl]d Talsed Ilu temperatures even, more. U

*Lee has dedicated the last several vears 1o utmmu the desien and substantiating 111\ #*

i

data. Hé emphasizes that the design demands a tull umhlsl mding ol the thermal mmuplu

s . ’ . . ’ : “
] ' // o ) %

<

Here’ S an ambitiomns plan 1()1 a lnull\ mlcwmlut Seil- 1 assive dwelling in the ‘llp\g&-(
climate of Aspen. Colorado. I)L\l"l]ul by Greg Franta of the Rmnmu Forks Research Cen-

-

- R 103



ter in /\san 1itutilizes carth berm dnd low plohlc lcchmqucs to conserve heat (Figure 66).
= The greenhouse has adjustable dark-on top, light on bottom insulated louvres for collect-
mg, shading and insulation (Llca: view typc) The sod rool and natural overhang help make

A

th¥ structure«a cool summer spdc.c

»

- FIGURE 66 B
Domestic hot watnr is supplied by a collector (()Q square 1CL[) above the bathroom.
The water is circulated into a 66 gallon tank by ndtum-l thermosiphoning. A Clivius Mul-

- tram composter is used for human and l\mhcn wastes. Back- -up heating is provided by

two wood-burning stoves. T
The headed air from the grucnhous(ls Blown down into rock storage beneath the first

story. and. that floor receives mdmm heatr from the 50 cubie yiards of rocks. The vents for
air distribution aré manually ()pmd,lcd (Ste Fi ieure 67.) :

3?

2]

Inmy opinion. this- design combines nny ST the best features of semi- passwdv hu {-
cd homes. The only major loss arcas (bum areas) on the south side are all insulated manu?
ally. The bedrooms. where more night warmth is needed, are upstairs. The livin'g,, dining,
and kitchen areas adjoin the greenhouse. It’s quite a sensible dcsng,n and one that dTPThds
on llIIlC ()LllSldC energy to make-it function. - ¢ R



T 1o see scvual acres Of near-vertical Rockies convertéd to tood pl()'tlll(.ll()ll in the coming

o | SN ALT: 735°
= | - , ~JUNE 2t NOON ;
1y~ COLAR ALT: 26.6°
"~ DECEMBER, 2| NovN

3

L3

STRANSPARENT  SOLAR
AR COLLECTOR.

‘m ..
%T
15 m%m

a

FIGURE 67

Lloyd Wartes and Tim ‘Cavrpentar - |
e ’ s 4

e An interesting design related to lohn Fodd carth coyered blosphu (Ncw Alchcmy
lnthlute ‘page 130) is being dcvclopud by. Llovd Wartes. WdltC\ is an agricultural engineer

3 and des 101’“}c{w1th over tifty vears of C\pcn?‘ku inamultitude of disciplines. Along w1ll1 Tim

Cdrpentar HE hydropomu experttrom € olorado Splll'lL\ Colorado, he has designed a green-

“house ﬂml W111 maximize natural geologic contours in growing food. Lioyd-and Tim expect

N o g

years. TN Rl ' , o . .
The tcndwd greenhiouse will be. built up lhc side of a steep grade (see Figure 68
Heated air will rise from one level to another, producing different environments on each
level. Using for example three popular greenhouse crops, {ettuce would be on the bottom,
tomatoes in the middle and cucumbers in the warm top séction. A Chinese kiln for plantb

simple and brﬂlmnt The same concept could be appllul to your own backyard, pl()wdmg_,

2

you are pcrchcd on the Ldgc of a precipice.
»
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. - Barbara and-Peter Voute®— -~ —7 L "
R A : - - 7A - - B ;

-7 length of the roof are used only in the summer for north lighting. In th ~v&ix1_t¢r’itlley are.

N

O

; \A'\( :/ \ﬂ%\ 4«‘ . F v'b i |
\ \ \\\A_ \\“\v\ ) - . - ‘ ' . : oo .‘ _J‘vﬂ

This unit has a configurzitidn":r\‘/cj_rv"V_v_svimilaf to Dave MacKinrion's independent gre;%h-
house seen on page 97, Figures 38 and .‘But‘i‘ﬂ s far as [ know, they were designed com-
pletel‘yjndependently"‘pfeach other. The south ‘fé[ic,e'isaa't_"él 65 degree tilt a/nd the clear roof
section slopes away from: the front (foward the north). The two clear panels running the
covered with Tigid styrofoam. to feduce heat loss. - o Cr




4 In designing this unit, 1 experi-
°, . ' : mented’ with a glazed direct-gain
/ . wall. T think it’s a good idea that

needs further development. This
is how it works.

The.coldest area in the grecn—i
house is in the extreme south bed
at ground level. I knew that if the
carth there could be heated, the
plants would do better through
the ;tong cold winter nights. The

' south face is framed up ona l6”
high by 107 thick conerete wall.

FIGURE 69 : [ painted the outside of this low.
wall dark brown and glazed it with one layer of fiberglass acrylic material. It was well seal-
'ed on the top and bottom. Heat is transferred through the concrete to the sarth bed di-

rectly behind it. (This is like a Trombe wall but has no vents for air circulation.)”
The results were that the young plants nearest the wall showed faster, healthier growth -

than thoge farther back in the bed. . ‘ @
Howevu the stored heat wasn’t enough . :
to carry some of thcm through the cold- ™~

~—— —_esrwinter night. When the outside temp-
eratures dlppcd to -7_degrees, a patch of “'”\
‘beans in the tront bed froze. Nothing else _
was damaged. including tomato plants sit- .
‘ uaied centrally in the unit. But Dr. Voute
Was disappointed and he bought a small
l;“elecmc space heater calibrated to-twrn-on -
¢ at 45 degrees. .. . .
& 7 s%:? To.improve the pcrtormanu ot the di-
. rect-gain wall Twould: 1) make it thinner;
- 5” would be thick enough for strength
<~ add would provide a higher rate of heat
transfer to the front bed; 2) double glaze
the sguth low wall; this would prevent :‘
such%apxd conduction losses back through
' the wall at night; #nd 3) insulate the low-

- . er clear wall (at night), "
The Voute’s grow some beautiful. ;
flowers and vegetables in this greenhouse.
A)%,‘The soil mixture they use is 1/3 city ‘
zsludge from the sewage plant, so occa- o -

sionally they’ll have a healthy tomato or ‘ FIGURE 70

P

C 107 . a7
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~chlll plant pop up in an unexpected place Dr Voute"has also developed a rather mtense
personal relationship to hi$ unit. T paraphrase him: “The damn thing’s like a spor]ed pet
or child; it nieeds attention all the time. | think we’ll skip December and January growmgf;
“next year and take a vacatloh from it.” This 1§ sald lovmgly,, beheve it or not.

.«

S St —

K . ] , . o ‘;\ N | - . 44‘«‘ k) ) ) ' ~ |
"Ownpers: Peter and Barbara Voute v, ~ - ' ot . A
Designes: Bill Yanda SRR B S
“Builders: Paul affd James Bunker Blll and Susan Yanda L
floor Area: 160 square feet o T o
Clear Afea” 128 sq. ft. (south face); 40 4q. ft (east and west walls); 32 5q: it (roof) Bl

Thermal Storage 3 cubic yards of eoncrete in walls (appro.xlmately 12 OQ,O/pounds) .
and 330 gallons of water .o : L a0

Supplementar}’ Heat: " Electric space heater _ e :‘ e .

Material Costs:# $4.Q0 persquare foot ™ . ] T e
Main Function: ,Vegetable.and flower production for home use

a T
. , .

Wayne Nihos, Sion Vilage NewMeseo "+ e

L

If you could comblne the expenence of a Harvard business degree, a year of concen-. '

trateéi medltanon in Spag;.and Italy, several years workmg for a multi- natlonal conglorer-

ate m Los Angeles with the love of playing w1th mud hou uses and a natural bent for phllo—

sophy .what wduld you have? Wayne‘l\llchols of course.

Nrchols_ls_whatal_callﬁwme»mover He-has the ability to- centralize- the talents of

. many individuals and dlrett their efforts into a tanglble reality. He has earned the rlg'ht to -
wax: phﬂDSDp‘thBtb—' se his-vis vrsrons -and dreams are based on hard- nosed experience. For i

instance, how many. “dreamers in the U. S.-have conjured up solar vql]ages dnd low energy
communities? (usua]ly funded with monopoly money). Pve p,ersonally heard of about 5000.
Well Wayne“has built one’ 7It’s out there in the pifions. You can buy a home in the com-
mumty .today. Read t’hese excerpts I've taken from a paper Nichols recently wrote. They
make more sense than government feasrbrhty studies and they drdn t cost you a penny of

R
°

tax money. - ¥ -

-

%

.
“Man hunself with his fossil fuel, technologlcally based society and - £
- high population levels.is in for a crash Could Americans really change
' if they ‘wanted to? I doubt it. To many of us it would be impossible-
to adjust toa culture without our machines and their energy consump-
tion. If wetan out of oil: there is a good chance we would flght rather
_than alter our Qulture ,\
* In the end nature always wins; If we continue to act like spoiled
children wasting our precious.natural resourcegﬁnd despoﬂmg our en-

v1ronment Mother Nature will tzd<e correctlve act1on She always does

] \ :
F - - hd S . (
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We are a part of nature and we will carry out the orders for our own
discipline. . }
' ..As technology has increased, so has our ability to destroy our-
selves. To balance this, our ability torchange has increased through
media to control the expanding threat of technology. Technology is -
hel in balante by media. It is such a simple formula: mah in combin-
ation with hisenvironment form a si'ngle‘systcm that is sell'—rcgu'luting.
sclt'—muna"inu, automatic. As Steve Baer says: ‘God is the original pas-
sive system.’ . ‘

In America we can make <.lmn"es very quickly. W(. have a rela-
~tively organic political structyre, and a frec market r;ystcm that allo-
cates resources (capital) very quickly, ‘where we need them. Through

Wthn partnership of our incredibly powerful media and our s¢ientific

capacity America can chdm,c and change rapidly. This quick response
ability has important survival value for us in Iln increasingly competi-
tive world ¢ nv1r()nanl )

Thc 1mp()rhml thing Lo w&lgh in sofar dppllulmns 18 nol lmw

manv s

heren Sal)tdf is that solar energy is dttra(.hve 1o V()UI]L pmlcsslondls”
in their ’Os t 30’s and to younger well-educated people in general,

[2

FIGURE 73
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. - especrally those in fhe plannmg professions. * - J R . ’ )
In Santa Fe many of us who are workmg\ln solar development |
‘ feel we are participating in important work. We are wrrtmg history.
e In our search for simpler, more self sufficient and less expensive struc-
- T ) h{res there is a real sense of dedication among.those in the field.
’ o :The question is: Are these people [developers and buyers] the
lunatrc frmge or are they the main stream of a changmg America
= culture? It is my contentlon that the wild and wooly experlmentors
" outin New Mexico, Northern California, New England, Manhattan, .
and other parts of the country, are that very important group of early.. . .
mnovators who arg now adopting hfe styles and products thatJMll later‘ oo
be used on a grander scale, . B ' -
o -The one common. elenient to many of the houses bemg built in .
L Santa' Fe is their relation to natare. The house is not just a fortress ™
L L " against the elements It is deSIgned to connect the occupant back mt‘o
the natural processes for_his own benefit. TRe-house is alive. It func-
o tiong. It changes and responds to the outgjde environment in a.special . . _ |
Sa T “s way:that. supports and helps’ the people inside. You mlght say the - — -
: : homé has a sort of consciousness. The structure is an organic protec-
t1v skm that the owner wraps around his family. -
: ‘In Santa Fe we are looking for a kind of pnmal structure. Some-
., fe .o ‘one is going to develop a simple low-cost home that gives the basic, -
N . -7 pnmal furictions of shelter and. warmth. We will let you know what -
: we ﬁnd :

s o~ ' » ¢ ‘ — . ‘, \

The precee°ding three photographs show some of what Wayne has found.

»

. f

4 j Do/ug and Saifa Balcomb‘. - 'y N - C .
. . o SR
- Dr 1. Douglas Balcomb is the same fellow who has pubhshed many 1mportan/papers

-on passrve solar utilization. He is also the Chgirman of theNew Mextco Solar Energy Asso-
E{aﬁon The Balcor,nbs decrded that they wantet a solanum addition to their home in Los
‘Alamos (not a prerequ151te for the charrmanshlp) “This .unusual and pleasing design is the

i resul.t (see photograph next page). . : - _
- The greenhoguse is a 400 square foot addltlon to. thelr frame home. Doug admlts' “It 5
not really all for the plafits) We plan to spend a-lot.of time out there.” The sawtooth con-
- figuration on the roof and east side combined with. the vertical glass in the south face guar-

. antee no overheating problems in the summer. The west wall, except for the clear sawtooth

: panels in the roof, is opaque. Balcomb is concerned about summer light i in the greenhouse

.and plans'to pamt all interior walls and the panellthg in the second sawtooth whlte The -

eastern wall'is designed to allow mormng i t to flood through the exterlor gll,ss and mto
' patlo doors to the home. - -

N3
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sealed water cuans or juars, 'l‘lw hot air warn

work on,

i ’ FIGURE 74

OO i\“‘su‘p orred by 47 x 127 hollow | ox lwum\ that spaw l\\unv foet. lllun 15
<h dr pHTOM West to cast tor drainagd. The entire solarium ha$a light open lcc]mg
I}AL a4 hngh muiu cathedral wirh plm trees growing through the root,

Thermal stor aze is hoth passive and active, The passive 1s the carth in the floor and

planting areas The active svstem s int umtm\' becatise 1,[ could very usll\ be added into
any existing greenhouse.

ot air is tapped at theapex of the second sawtooth (the lw'hut
point of the areenhouse). The air is blown down d‘uu\\mk (cight to 12 inch ducts would
be about right for a small unit) into a uuk—lll@('

sox. The box could also be ll”L‘d’ with
he i‘"lm'm'll storage-and the air Tow 7o the

dreenbrouse can be operated in sgveral mnd)m £See Figure 75 on foflowing page). ‘
Doug told me. 1 could lm\n pirt the storage in the Noor, | suppose, but thid way we
cantuse 1t as a planter boX and drow thines 3n top ol it.” This method appeals to me bc-

cause 1t chiminates costly or ¢xXhausting excavation work. Plants kove bottom heat and the

top of the hox \]N)Uld b one of the healghiest areas m-the ”IL«HIIOLI\L Also, should any.
probiems develop g &1 the storage or lans. llnu llm are above grade, casy to get to and
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S Dr. Ba‘lcomb est1m;ﬁes the hmshud gruenhouse wm’cost about’$2,500, and “‘mor¢ .
( ‘ hours of my labor thaii & care to calculgte' But look at the care ¢ and concern that went
'+ - intojthe Qemgn, the-two piine trees are saved! What a space! S j : " /
/ : ‘/ : - ) . T L Cl ' ) “ , . '
SR - ' . : ' e S »
. it R - // Lo B . - -

. 3 _— e F'G:Jv.“ 75‘: LR g -
< B Bu11der Desxgnér Doub and Sara Balcomb e w
- < Cost: ApprommaIely §2,500 T el - C o oL
. “Size: 400 square-feet ~ . P
RO :Clear Area: Doubl Thermopane « S S e
o “Vents: 19° sq.. ft. lower bottom of south wall:2 27" sq. ft. upper in'second sawtooth.
\atur,al convectlon or reverse fan. . - ’ s '
. . J: : Heat to home: Natural-convection througll sliding patlo door. : ’
' ) Storage: Above grade box, approxnnately 4’ wide x 3 deep x/’O long, 240 cu. ft.
rock f]lled 1”7 msulatlon : . . , i
' 2 P 3 " ’:\ ' LS ’ 'J G ,
p i B R .: . LY . ._,
. C s . )
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David Wright
David Wright is another New Mexico drchitect d(’)in" mportant work in passive solar

design® The Clark Kimbell and Charlotte §t0m home in Santa Fe includes a “green room™

or plant area. The entire home, Towever, acts as a SOLIF greenhouse, as it isdesigned to be

a passive solar collector: The two‘-story south face lsvd()Ub]t’ glau d with commercial storm «

e

S ' FIGURE 76 o

~ doors. Fhe continuous ea /north/\\ est waﬂ as

adobe \had’(hud with s{\ mtmm and stuuo
The north corners o tln house are roumlgd \\7

'011t Jd()pted tlns tfeatun hom a I) \hd

tance. t}.Us ruJuLmﬂ heat IOSQ,

- . W
-

\lbnw W ﬂh Wright's caretul calculation and Use. of \ummu/\\mlu sun angles msu]m-
tion and’ tightvess are the most important .saiar TEatlres: ol this home.. Ilu root and sub-
floor ureas are h\..l\ll\' insulated. So is the front (au‘h wnh an mmmom canvas- LO\ ered,

styrofoam shu[ur systenm, Wright has aptly duhhul ghls homn the ° ;n fobe Thermos bot-

e It u over 80 percent soldr with one woéd stove suppr},mé bul\up heat.

It is also a dahwmtul lumu environment. otlcrm«' "1ll the grmtme komtorts within’

an ecologically sound design= - R A

W
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Figure 78 shows another Wright désighed home. .
This totally passive dwelling is owned by.a Santa Fe
builder. Karen Terry. It has an unusual orientation . :
N . T
= , { .
. . 8
for a sglar building, a north-south axis. The hone
has been designed and built so tastefully that you+
really have to be looking Tor it to find it. .
s - - 2 2 « "
' © .
. o i
- . : _‘ "Y' . ‘.
- - T FIGURE78 , - . .o - - . . -
& “ -~ - ) s
. \, . ﬂ ) . c .
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Herbert Wade =~ / . ' ) " o . : U
Herb Wade has designed a freestanding greenh Ouse with passwe. storagam the root/back
wall area of the structure’ (Figure 79). The 6 inch space between the rock storage and north )
' wall' creates.a natural convec—> 2
Con ’ ahe mareas zicren tion ‘do‘ﬁ'ndraft The cool air :
o ' -+ falls down the wall and out,on-
’ e e se e . to the floor of the-structure.
. " The hot air- is. pulled, through =
L E , “the*. front” wrre mesh: »anto the"
' 1‘-“&'.":"‘...:‘-. s “ gy AN o \rock gnd, gater storage: By | m-n
A R ioees : - Ny cludmg water drums in the '
g A r'ocké%;learb is combmmg the
e s features of. botlrg.storage -
. m&i ’ S
. e Tlmtgre are about 22 000 lbs -
- SY. thermal storage, mcludmg
. ¥ the water, in this 12 long X9
=~ - high x8’ ‘wide greenhouse That ~ | ¥
1s a,‘lot of weight but the tri- }
T e arigula conflguratlon ~of the .
- AR #'9Pa = bin. supported. by posts )
o \ ) ; landmesh should keep. itevenly
' Sy 3 N ‘ . dlstrlbuted The greenhouse is - :
- R 4 EIGURE 79 P ,‘; bml_t on p111ngs,_~and.1ncludes C
'penmeter insulation and an anti rodent screen, ' : b2 .
A = I think that this concept of mtegral wall storaoe could be appjied to an attached green- , ‘
house as well Just allow tor the openmos to your, house and tilt tl1e root southward to;' ,. s
3 ) ehmmate the roof valley betweemyour home and the umt ) : - L
B ) . ® , F . - F ) ’ ® - )
- A Portable"Homemadé Greenhouse L ’ ’ o o
» ' So.. you re a renter or you mave a {ot: You want a oreenhouse but don t want to ‘

leave it behind for the next. occupants Here's an alterna;xve Bmld a portable, but substan-
- tial, greenhouse “thatyou can ‘pack up and moveto your next home

- -This small. lean‘to, was designed as a demonstration model to be moved around to’ , /
falrs energy exhrb1ts schools and the like. It’s lightweight and can be assembled by two /e
people The laroest panel is 8 teet x 8 feet and the panels Tit into g rack oma Rpickup truck. 7[
Even though th1s isa dlsplay model -the greenhouse is fully le’nctlonal contammg all the. |/

a

cr1ter1a for successful operatlon found m Chapter AY (msulated op*aﬁue walls, double skmv

RSV
&
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shaded roof, etc.). When we set it

“ap. we put-in black water barrels

and plants.
The five plates (vou don t need
a north wall. 1

s for display)
are held togetherMawgslip pins in
regular hinges. The iftersections
of the edges are sealed with foam
insulating tape. The whole unit
sets up in about 10 minutes with
two-people., Just set it down in
front of yvour south window and
you’ré in business. In a home ap-
pllC&UOH 1t could he mounte d on

-

117

FIGURE 81




o Designers: Phul Bunker John Galt Bill Yanda "o B
o o Burlglers Same-as desrgners with help from the New Mexico’ Organ;c Growers Assn
T .77 Size: 64 square feet, \ y : S N -

Cost: 8756 (includes double flberglass walis north wall and No. 1 clear fir 2x2’s for
%trength and umformrty) Funded by the New Mexrco Energy Resources Boar

b Clear Aréd: 125 square feet - ;.':'J Lo “pw . o

Hardware 27 shdmg bolt hmges hotd planes together frammg members pre -drilled
then screwed together.with. No. 6 24P wood screws

HeatrngCapabrhty for, Horﬁe In,New Mex1co approxrmatéﬂy 100 OOO BTU g per day
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Sundwellings-Ghost Ranch Pro jecthbiqu«iu;;New ,Mex‘icow_ e )
i ‘T/ Sundv‘velhngs project is an 1mportant one. When the data are comprled and evalu-

afed we W111 have an accurate acoountmw of the peltormance Off varlotls passrve systems

" Built in the same mrcrochmatrc area of 1dent1cal materrals Perhaps more 1mportant1y the ’

» proiect w111 demonstrate with hard data that low -cost enerQy systems built of 1nd10enous
. . matverrals are a vrable alternatlve to plug—m hroh téchnolootcal component svstems

-
' > - L . . :' »
4 . = 1 - - Es

w . ¢ ;

B Sy RS . Warm air; trom the greenhouse rises
e o ' PE O into the room while cool room air sinks-

'1nto the crreenl use to be heated Heat

of the room. The greenhouse is dug 7%
teet down into the ground to increase

R

é

U TUTTHTITITI

unwanted heat loss or gain. The- North—
‘ern New Mexico growing season can
~ thus be extended from 4 months to 10
- months ' ’

LA

-

-is st,ored overanht in the walls and floor

trost protect_ron The rooni can be clos—Y
ed oft from the greenhouse to prevent

A

bal
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United States Department of Agnculture Ty
f‘

lt S good to know that the resources ~“of ; the Amencaﬁ government are becommg com-
mitted to more energy. efflclent greenhouses Robert C. Liu and Gerald E}sCarlson designed

‘mthe unit shown in Flgure 83. An excerpt from their paper on the subject follows
x’i, A

ﬂt& B . : y ' ,3 ‘%‘\
ZT"’ o A solar greenhouse must mclude a solar collector a storage system,\\ :

and a distributing syst’em It s our concept that frxed south- facmg N
“collectors would occupy a posmon on the roof of the head house, in- o
- ~ side the greenhouse; -or the north inside wall of thé greenhouse. Placing N
' - the collectors inside /the greenhouse should decrease heat loss from RN
y the collectors and may 7increase-their efficiency. The proteétlon to col- S
lectors that-would he provided by the greenhouse roof, in addition to !
a possible increase in their- efflclency inside the greenhouse, could lead |
to -the developrient, of a-low-=Cost, unglazed collector that could be |
used year round for both coolmg and heatmg Actually,-the whole
greenhouse S§tructure is a- collector, and the eXCess trapped energy
‘ should be stored and reused '

' . 4 ; /® 4

o RN RN A AT ik

' "i,:.“,'-_ﬁ-.-RADIATION JoouNG_; &SP

S e HIE TRAN‘SFER' e
.~ SOLAR HEATING ..«

c NN\ soLa
="\~ COLLECTORS

: /// '\\\ S
I / HEADHOUSE \\
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- solar energy use in a greeﬁnlgouse 7
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. Sketch of a oroposed new concept for}aﬁ{mizinqg
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The desrgn utrhzes ‘both hot air and hot water. The hot water collector wlnch could».
cons1st simply of blaek?polyethylene with a trrckle and trough gutter below is being*tried =
; by many of the larger research institutions. ’ .
"~ This desrgn is more comphcated than the passrve approach we advocate but it is like- ~ -

ly to be utrlrzed in large, completely controlled greenhause environments. A full report.

; of Drs “Liu and Carlson’s ongorng work can be obtained by writing to: United States De-

partment of AgrrcultureU Agr1cultural Research Serwce Northeastern Region, Beltsv1lle

The New Alchemy lnstitute e o

4 »

' on-our planet and to develop alternatrve technolog1cal solutrons to them The orgamz?‘lor{

‘has concentrated its researeh on solar heated growm,g structures and the desn,n of complex- }

ecosystems The mstltute 1s perhaps best known for’ 1ts ploneermg work i the fleld of
aqu,acultura B e ‘ Coon L. . Lo ‘;\ S '

,, s

e @ne_progect that New Alchemy is currently workmg on rs the desrgn and constructron"f,
» of dr self-oon;amed' strttcture that’ wlll flinction as-a tood*and—energy producmg researeli 5l
3 : ‘”center (se¢ F’rgure 84) Located rn Canada the’ “Ark” will mteerate flsh,rarsma‘m sol»ar". ‘

ponds witha large‘greenhouse runn‘lng the length of- t‘hg structure. The facility will be heat-,

“ed by the greenhouse and 800 square feet of solar. (.ollectors employing a rpck. storage sys—;’--,h-
tem. Electrical power for the tacrllty will be supplred by newly desrgned wind generators o

CAnotherinteresting desrgn by John Todd of N.A.L contblrresjeatures of the: plt green-

house in a'radical approach to solvmg the heat- eam/loss problem Todd destened‘-rt as a.
ﬁsh pond and-Peter Van Dresser adapted 1t to a pit greenhouse Only the south tace would

be clear, with the rest of the structure, 1nclud1ng the roef, covered by an 1nsulat1ngearth

- berm. All mterror surfaces‘would be reflective. The beauty of this design is that the major-

heat loss Aarea Lthe_enmLsoutlLtace) i1s-one- plane—arrd—coutd-be*trqtrtly—m“ urate"‘o”*af“ Jght

izing stablhzed adobes, rough timbers, tin foil, and recycled glass, the unit,could prob

be built for 50 cents per square foot or less. The Snly possible drawback I, see is that cer- -

tain plants, such as tomatoes, cucumbers and beans, would-btock somelight fr m the crucml

side wall reﬂectwe surfaces. Hgwever, pro*per plant locatlon and moveable mter}or reflecJ '
tors m1ght solve this problem. I think the idea has appeal, particularly in low light, extreme—,

ly cold. areas such as northern New England and the upper Gr@@Lakes region. |

- Woods- Hole~Massacnusetts 02543 (Volurne lis §4; Volumes.2 or 3 $63 / VoL

The New Alchemy Instrtute was fonned in 1969 to confront future survwal probleams

The New Alchemy Institute is providing a vrtal service through its research into eco-

logrcalhy sound *solid states. ” N.ALis supported by prlvate foundations and contrtbutrons
($2 or more entitles you to their annual journal,‘a very worthwhile publication that re-, ‘
v1ews New Alchemy ) contmumg work.’ Thejqprnals can also be ordered from Box 432 K

Smce ‘the south face would ‘be covered dur1ng loss. Deuods,at,couldbe smgle«glazed w_*
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S T o m'"Gree;flibLi‘sg'e-?Heal:ti.n'g~and‘StOragé T i "'["' ,
BT : ‘:‘Solar,,Collecti’on: 1200 5q. ft:of greenhouse glazing éxposed fo southetn sky.
H Storage: <118 yard rogfk sto'rage behind greenhduse arjd' 19,Q00 gallon light
* transparent warm water fish culture facility. - o o
Emergency Heat: ‘Refsistancé—coi@ In air ducts. '
: Residential Heating and Storage - ) o ' T
T » Solar Collection: 850 sq. ft., ﬂéﬁ plate water, selective black. '
' ) Storage: 21,000 gkgllon tanks Atmde'r living room. ‘ ,
Distribution: Fan coils o i
‘Supplemental: Woods\fove and hydrowind power plant
University of Arizona Environmental Reséar’?h Laborat(')r'y‘ ' ) i
” , This reSearch_ center is éoncentrating on{}l}-g development of integrated systems that
peride power, water and food., Staff members at the laboratory are experimenting with
) aq’uacdlture' and vegetable production within polyethylene-covered greenhouses. Plastic- -
o " lined tanks contain shrimp that _féed on organisms living among water hyacinths in the
=« pond (Figure 85). | “ |
el 121
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FIGURE 86
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N / An mterutmﬂ seu)ndar) pIOJL(,I; that is bemg developed is an \1sulatmg greenhouqe
I cover snmlal to the Beadwall® that injects liquid foam between the pl4st1<. layersat nu,ht
] ' ;(sce I 10ure 36). ! TN s ‘

j t Anot’lur facility reatcd lw the an1ronmc‘ntal Rcscath Labomtow expands the eco- .

ts% 'stem approach to include desalination of sea waterand nutrient preparatlon for the green-

. ~house use! This ambltlous project is being carried out in collaboration W1th the University

o‘r Sox}pra and is lOLth(.l‘ “at Puerto-Pefiasco, Mexico (Figure 87). In this deSlUﬂ\ waste heat - —
- ‘ : e
. . N

MARINE BIOLOGIST'S
RESIDENCE

- CONTROLLED ENVIRONMENT

. GREENHOUSES

\-MARINE BIOLOGY -
"~ |-ABORATORY REJECTED SEA WATER T0O

vib . .-

! » FIGURE 87
from enginie-driven €1€LU’1L generators is used to desalt the sea”water. The tresh watér is
- h@g_ppad_mﬁ_u&];iw]thm controlled- env1r0nment greenhouses of air- mﬂated plastic.
The researchers state:

< 7

The conceptis af yplicable‘to vast regions where almost notmnu Erows— R
and where desalted water remains prohibitively expensive for open-,
field agriculture).The principal advantage of the concept for arid re-
gions is extreme fonservation of water. Moisture lost from field crops,
by evaporation 4nd transpiration, is enormous, of course. In a closed
~system this mois{ure can be captured. Estimatesare that a plant within
7 such a sealed-in lenvironment uses only about a tenth as much water
© as it would needjoutdoors. o )
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. ' : - . - The long range potential for this
) . : ) : kind _of facility is fantastic. The

Env1ronm ntql Research Labora-
tmy is presently directing con-
struction of their first ““large scale™

sula Shelkdom of Ahu Dhabi,

Lately, the Lab has been putting
a great deal of brainpower into
thml\m0 31\121 11 The fxptrlmental
attached gré\enhOUSL shown here

iy nve PR,
ieir ClearView collecto
\

—
-t

\

v o R "~ on the south veartical face and the

FIGURE 88 " 4 ' liquid foam 1mulat10n in the arch-

ed inflatable root: The ductwork shown in the photo is tor dcmonstmtlon and education
and would not be visible in a residential application.

1 & - v

Bear Creek Thmder/Pragtree Farm/Ecotope Group T ,
Lo ‘ ;Lamh Lombmmo the work of these three ar oups because they have done a tremendous
L- T : amount of interrelated research in the Pacitic Nmthwest For instance, take a look w#t the:
.. pafabolic north walled greenhouse shown here. It is q:slgnei precisely for it's geograph-
N = - #‘ " " b
.3 a

FIGURE B39

installation in the Arabian Penin-

o]
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ical area. a location noted for fog- .

~ey and cloudy, but mild, winters.
. The solar heated/aquaculture
‘ greenhouse’ is located at Prag-
tree Farm (see'Fingre 90). Howard
Reighmuth and Jeffrey Barnes

Vdi:.d'ﬁlé engineering and design -y 4/ : e
weork on the structure. From
- Reichmuth’s detailed paper on the
description and anal ysis of the sys-
tem we find:

A passive sdlar heated agudcul-
ture/ﬂreenhouse complex hasbeen
built~ 40 miles morth of Seattle ™
which collects and stores solar en-
. ergy by reflection from interior
surfaces into a massive “Mterior
thermal storage pool. Analysis in-
dicates that such a scheme offers
high collection efficiencies through
{ ‘ low aperature temperature even
~ for the case of relatively low qual-

ity reflectors with p= .5 (reflecti-

vity of ndrth wall).
» {In the region)...a solar Lmruy col-
lection system with a very low ap- -
;- erature temperature, approximate-
ly room- -temperature, can 'operate - :
thcuntlv enouah to-previde up - -~ =FIGURE 90 . :
1007 of the space heating needs. Ideally such a low temperafure.
A system should be passive, since an active system collecting at such.tow
) af would require high fluid pumping rates, consuming an unreason-
able amount of. energy for the energy collected. :
/

e T

i

R ,,,,-,y,,,,,A._Bﬁ51d€S ;Lcomprehenswc(‘ esign illdl’\LSlg_lQIJJE paper-1find SQ_]_Q,enhgll[ﬂlm” state-
B ,..ments about the plmosophy ﬂmf guides Bear Creek Thunder’s endeavors:

The intention'in this project has been "to devise a long lasting building:
giving a premium to the simplest component choices, even if these »
component choices call for an adaptation in-the use ot tht. structure. -k

e Figuring out how to use the 5tmcturu is a large part of the creative
' endeavor. ® , f:
A low storage temperaturu high thelmal mass, passwe buxldmo using ' ’
interior reflection is.a productive approach to solar space-heating in
the Northwest. Such a structurecan be built durably and economically T

3 e ’ o ¢

2
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since the eomponents of thg LO“CC[IOH system are also the building

. LO]]]]JOI]E‘]]IS and gperate at Jow temperatures, avoiding degradation

‘ duc to high temperature’ thumdl cycling,.as m a roof or a solar collec-

. Our experience of tlns buildittg during (.OHSU'UL“JOI] suggests that

soldr heating which involvés letting the lthl inside the structyre is very

dramatic and spiritually interesting. {f we are entering a solar age, then
it 1s appropriate that it aclually teel 1jke (xsoldr age _ )

2 - v - r

H‘owardf-told me that thé only thinu théy‘ve found so far that tli‘ey might have done

differently is not; use the expensive R- “0 insulation around the base of the structure and

the fishtank. Lv1dently the heat loss to the ground in this location doesn’t justify its use.

Another design is the Rhombo-Cube Octahé dron shown here. Ken'Smith.of Ecotope

7 .

"FIGURE 91°

writes: “It’s a scasonal urwnhouse (April-October) producing LTOpb ot Talapla grown trom
spawned fries. The greenhouse is fir pole covered w1th Monsanto-602; the tank a Sears
. 3000 gallon ¢12" diameter x 3" déep) vinyl pool liner. It contains bO adl‘l]t fish with an ex-
ternal filter system using a l/l“th horse power pump.” - 5
Yet another design being built is the solar Qremhouse for a junior hié'h‘school The
unique feature of this unit is the 200 eleven-inch cubic polyethylene clear pfastlc water
bags s’tacked (11)00[11 behind the south vertical window. ' ’

. You can tell from this brief sampling the quantity, quality aynd?directionpf-this work.

They are nonprofit research groups and aren’t ex’z‘actlyfat. If you wrjvt‘ie_ihem‘iQr',iQ‘fQLma-
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“« F L,/' ‘,/ T
“tion, be sure to* enﬁose a self addressed stamped envelope ar you won t get an. answer/: ( | L‘B
Better yet send them a donation and putyour money to good use (that smy sugge;tro/n and \ S
- was'never mentioned by them) . touh ey T .
“Bear Creek Thunder, P.O: Box 799, Ashland, Oregon 97520«, I TR
~ _Ecotope Grpup, 747. 16th East, Seattle, Washmgton 981 12 SRR a
% . : S . T

- Rerchmuth s paper, “DESCI'thlOn and Arralysrs of a Novel Passwe Solar Heatéd Aqua-

‘ cu[lturefGreenhousLe Coprplex near Seattle, Washmgton is publ1shed in Volume 10 of the * - l&
Sharirrg the Sun! proceedmgs pubhshed y the Amerlcan Sectlon of the lnternatlonal SQlar - .
En.ergy Society,, - _ S 4 " . .

AN S - - -
y A U 0. O
= - ;\ . * : "f L = ¥
l{ural Research Housmg Unit, Umted Stat,eg Dep\rtment of Agnculture Clemson UmVEr- : . .

. e : | ; | 4 v

Slty - V' , : ' - ‘.l " ‘ . o 5 ) r ". -",,-*,/ e
) o 5o~ - ‘~“ 7‘

These fo‘lks ‘aré, workmg ona three-year prOJect tp develop concepts de51gn, bqﬂd and
1itor resrdence/greenhouse combinations. They ate funde/d by the. Endrgy. Research and
Development Adrmmstratlon The followmg,ls from the’paper “Design Crrterlafor G\reenm o
heuse Residences,” by Harold F. Zormg, Martih Davis and T E. Bond frorh the proceedr?rgs\, P
oti the Food and Fuel Conferenee (see Appendrx C) L " /

_The concepts shown were evaluated By a multidisciplinary team, in- -

 cluding engineers, architects, and horticulturists. [The final design].. '

G Jutlhzes only the greenhouse as a solar collector and a rock storage sys-
tém. The [first prototype]...is unique in that it has a- roof-top solar ;

- collector serving both greenhouse and resrdeﬁoe Prehedted air from |
the gréenhouse passes through; the roof-top solar collector before going .
into the upderfloor rock sforage:sysiem or directly into the house. In s ~ P
some areas, a greenhousesized for the family’s food needs may be 400 | ]
small to significantly reduce the heating load. With this design, the

~ §ize of the roof-top collector can be adjusted to local heatmg requlre—_ .

nts. : g - s T

4

o

During the summer, th=e greenhouse is shaded and vente to the out- - :f-f

side for cooling. Convect10n air movement through the solar collector SILE

will draw air from the greenhouse at a rate of- one-half alrkxchang N

per hour. ThlS air 1s drschar;ged tt ough attic vents that are open on,
~in the summer: T

7

the rock at night and c1r};ulat1ng warm house air -through the rock L

'durmg the daytime. This should be an economical method of cdeljng - T

in all locations where summer night temperatures average about 20~ __ - \

degrees lower than day temperatures.. ; . _" - \
e 127 e
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. FIGURE 92, , :
Excerpts from the desum crlterla show ' : ~ .
Resu]encu ) - | . o . . ,

. Three bedrooms, four occupants, 1,336, 4. ft ﬂoor arca, 10,688 ft.3
“heated space, occupied 50% of the time, one- -half air exchange per hour.

Interior Temperature: . Winter 650F Summer 750F
. Interior rélative humidity: Wil'lt61;60(7r . Summer 70%
Average occupant COw input: 2 3 /hr (total) . o’
Averaoe occupant Oo demand: 3 t-’/lr(total) . & .
_Solar Collector : S : S
520 ft2, average daily efficiency of 40% (Based ‘on tests by Rural -
Housmg Research Unit, Clemson, S.C)) ' f . ) ' '
Average surface tgmperatum. Winter 120°F, 9 hr., ximum 140°F
B ’ Summer 14OOF 13 hr maximum lSOOF'
Desmned rates of anﬂow t]lI‘OLlLll collector during winter operatlon are .,
from 2 to 3 ft3 /mm/tt— of surface. - » .
, Summer convection flow through solar air collection, W1th 8 Fft.2 \
openmg and 1200F average tempgrature will be about 700 tt/mm or
1,700 fi3 /mm ' . ; - .
. 4 | ’,; X
Rock Storage: o ! o .
1,200 fi3 of Clean railroad bdlldst (2 in. minus) .- g :
Weight: 94 lb/ft o : R
T E N8 SRR o



7 'Relatrve hﬁmrdrty, January —average'70%, maxrm}lm 90% '

' The paper concludes by statmg

B

o - . N . - oy

A

Heat capacrty 19 BTU/ft37‘QFW }

Static pressure of arrﬂow through rock storage 18 O 3 in H20 in proto- ‘

type. . : : .
Average winter temperature - 820F
EEPN Average summer temperature s J70OF

Average stored wmter,;h!eat 387,600 BTU (1% days storage @ 40°F
outsrde)
) Average ‘stored summercoollng 114 OOO BTU (l day cooling storage)
- Heat loss to .ground: 2,560 BTU/hr or 61,440 BTU /day (based on 4
v _ BN BTU/hr/ft loss) Rock storage tests by Rural

. L \Housmg Research Unit, Clemson S.C.
'Creenhouse N " if .« ' .
‘ 352 ft2 of floor area . - i
T2 800 ft3 of space  ° S

Heat loss by irfiltration: Assume 10% in conduction loss - - Vo

¥

Ventilation for codlings Winter—one-half air exchange per ‘minuté

Y Summer—one-half air exchange per minute’
_Shading: 50% in sammer . '

-y

*

\

. » Interior temperaturq Winter— minimum, SSOF nraximum 90013 (auxrl—‘

‘ ‘ " Ydry cooling, co\oled wrth water .mist)™
. Sum?mer minimum 75°F; max1mum 105°F
(auxahary“cﬁlg, cooled w1th water mist) :

x . +

! Yuly--avergge 70%, maximum 100%
‘Maximum- hours of"lnsolatlon January--9, July-13
Inselation rate e/Ass‘ilme 60% absorption of available insolation -
Note: Relative'l
' dence will be controlled by condensation ,on the greenhouse
single glass extério® When’ the ,interior temperature is 9OF,

- g

wmidity in winter in both the greenhouse ‘and resi-

above the“exterior temperature “a 90% relative_humidity can ’ ,
be maintained. A 19F rise.in temperature is usually associated- - = 7'

.9

\ " with aboutra "’%‘drop in relative humidity. Therefore, if the
greenhouse is at 559F and 90% relative humidity, the house
at 659F would be malntamed at about 70%-relative humidity,

: the average for J anuary -

In the summer, relatrve humrdrty and temperature in the > green-

; ; house will Be controlled by ventrlatmg all air drre,ctly outside

through the solar collector. A: ventilation rat& of one-half air. .

exchange per mmtrteassonlated with 50% shading should main-
. tain & maximum mperature “of 50F over the exterior temp-

mist should be used® for additional cooling. -;

el

Based orfl976 costs famrlres with annual mcomes ‘between $8 000

*and $10,000 would saveabout $360 in food-costs and $340 in heatmgv

~costs. These famlhes wolld also be helpmg to stretch the, world s sup-
" ply of fuel and food _ o N\ =

<ue
a2

Yerature, or 1050 durmg the hottest. (1009F) dav A water'

‘“)
i
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Zomeworks . :
\ Cor
Zomeworks and its pre31dent Steve Baer need no 1ntroduct10n as innovaters in the

ﬁeld of solar energy. Three of thrs company 5 developments have: nnportant apphcatrons‘."i;.j

to solar Ureenhouses “ . Lo g , . T

Py

'o Y

The “BtadwaH ® system seen, in

.completedam 1973 (see qu‘re
93):{.1 lllll

bmemovable msulatlen and lrght—

‘are b]own

able levels. In tlLe mommg,, or
~when temperature‘s rise, a ph.otof
cell switch tells the motors to eva-

FIGURE 93

sucked back into thieir storage containers. l ve seen Dave get a standmg ovatron frofn audi-
ences at solar conferences when Hie was demonstratmg this device. The Mdnte Vlsta,,green-
house was one of the first-applications of Beadwall® and used six vacuum cleaner motors

‘and storage bins to accommodate the. beads Besides greenhouse apphcatrons 4his system

can be retrofitted or newly mstalled in home wmdows to maximize drrectLgam and almost

‘ehmmate heat losses o g - : o \ \,‘ : o

.

“Nrahtwall O is a poor man s Beadwall® in whrclL.,}rou supply the motive power to

move msulatmg panels. They are simply rigid styrene or styrofoam sheets that are cut to
fit the exact drmensrons of a window or greenhouse clear wall:"Zomeworks. supplies mag-
netic strips with sticky backs, small metal contacts to attract the magnets and an instruc-
tion sheet to help you put it together When the magnets are attached to. the perrmeter f
the window and the‘metal strips.are adhered to the styrofoam panel, the magnetlc forte
wrll trghtly bend the msulatron to the wmde at mOht You rem\ove the panels in the morn—

e o E
o4

.
/

- . ] v - \ : 130 » r‘( N \.‘e

the Monte Vista greenhouse was_

Harrlson onomeworl\s and solves_e .
the trrcky problem ofhow to com- S

*t\ransmrttmg clear surfaces In thls{_ o
rsystem inslating styrofoam beads B
in: betwegn - the th)i '
{p.anes of- c'lazmg (3" apart) wlrerr
temperatures drop below toler-'

‘cuate the cavrty and ‘the beads aret’

N

?
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“with gieenhouse potcnnal is

. and freon containers to open

240 square feet of insulated -

' storaﬂe and 30 tons of rOLRs

using Skylid mechanisms aspas-

owner. Aswenoted in Chapter ;
-V, the beginner might consider . ‘FIGURE 94

g *

. ing for transmission of light and direct gain. As the clear areas in a greenhouse are the major- ,

sources of lieat loss in the structure, they are prime candidates fér ‘Nightwall® inStallation.

The ioid panels could also do double duty as reflectors behind plant beds dmmg the day.

I tried a \‘1011twall® application in the Voute greenhouse. It dldn t work too well but that

was my fault. not tl]&ploduct s. I didn’t put enough magnetlc strips around’ theﬁperlmeter

and [ applied it to a nearly horizontal ceiling surface. thtwall® will watk-well’on a verti-
cal oralmost vertical surface in a greenhouse. Zomeworks also supplles a chart to ShOW you
how many BTU’ s the Nwhtwa I® can-save on standard 5126(1 windows in vanous palts of
the country It’s amazmo what these simple applications can do for you. é,‘ ! R

A third Zomeworks. product : &

MSkylid’ ’® [t'S a device that
uses counterbalanced weights !

high vents or skvlights. Steve
uses S}\\/lld in his-home and
Jeenhouse Six skylids opelate

louvres ' to prevent -heat 'loss.”
) i : L

Baer’s greenhouse also has'six

30-gallon drums—for thermal -

Thls greenhouse is a- single-
JaZud structure and has held
32- deor > minimums in 5 de-
gree- outdoor lows. Baer'is also

sive trackers tOI LOI]LCI]U&UI]U
collectors. (Figure 94y
These active and'passive im- -
provements provide important
options for the solar greenhouse

A

the simpler passive approach first. If you.do wan t-one of the more complex active%iystehis
Zomeworks is definitely the place to gotor it They also sell plans t01 “*bread box™ ‘water

heaters. For more information, write to: Zomeworks. P.O. Box 71~. Albuquelque New
Mexxco 87103 .f‘ o ~ . f

- i
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& / Solar Technolo‘yy rporatlon R

. f' /’///0 T o ‘ » :
/The Solar Technology CQIpoJ ation ol Denver, Colorado, is one of” lhc [LW compardes -

P tlmt prescntly malkcts awell: clcslgmd solar greenhouse. They offer-three attached and free-
o BN ’ .// . " i - ) (-1«

"

- P
._\\~ N
“
\\
\\
-5’ h
<
4
' p e - E3
. - FIGURE 95 : ‘
VA - . e IR S : :
- s 5 : ) . - ~
7 - / standing models.Deluxe Solar Garden
? SOLHR(GHRDEH A o (TM) features “enclosed thermal storage
Ny i ol . anda lhc"i'moslulicilll})/ controlled infernal”
e CUTHUJRY g L ' circulation fan..it provides for evaporative

the summer. Timer controlled-automatic
watering. systems anda redwood dcc-king
u)mplc tethe Deluxe Solar Garden.”

nighfmares ol the klutz builder. S.T.C.

e

you maintain a lualthv Ulculhousc envi-
ronment. [ this sounds cood to you, a
. v commerefal unit may be exactly what you

cooling-and nighttimercooi storage during.

T hL se ﬂlxcnhouxL ¢can eliminate the-

even offers solar consultants to analyze-

your building site, botanical \]’)Lle]lst\ to-—-
©  supervise pldnlmu, and gardeners to help.

. . 7FIGURE 96 , ©need. Just be suré that the design is ap--




- ER 4

propriate for_your arez? and conditions. For more’ mlormatmn on the Solar Garden (TM)
structures; write to: Solar Teclmolooy Corporatlon 160 Clay Street Denver Co orado

H

80211, o Vs

e

Helion '

&

~ Helionis a gr, up of young, ‘but experienced mno’yators in muli-disciplirgs of alternate
energy The foynder of the/company, Jack Park is assisted by Ken Johnson, a chemical

-engineer, and Rithard Dehr. Thelr pllmary field is wind- poweled generators and they have

licensed the rlgl to a complete lme of Kedco (an aircraft components company) high
quality wind generators. Hellon also manutdc,tures d line of solar water heaters with acces-
sories and an Energy Source Analyzer which gives a site survey, W1th eompletely integrated-

i

ki

outputs of wind and solar energy. Naturally, they needed a solar greenhouse to round out h
theirefforts. The greenhouse pictured here is a first generation prototype. It was built over.

T . FIGURE 97
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w ) . Jack’s svvrmmlng pool whlch only goes to show the types & changes we all go through o
c ‘ The idea \}ras to utilize’ the deep end for a cool air source as well 4s a oot cellar. The frame '

over the pool was covered w1th plywood and tar papered.for. waterproofmg purposes. The*
. large front wrndow faces true south’and has an incline of 60°. The inner north side of the

o

greenhouse is pamted wh1te to reflect light and all. srdes except the dqor dre 1nsulated' with ! P
' R-11 fiberglas batts ‘Only oné 55 gallon drum was mstallesdtbecause of the werght fag:tor_on -
'the light pool covermg panels. . o ‘ - ) ' e
X " Ken Johnson’s explanation follows E l = B
. . ,,‘" . i\%’ : 'Q

"‘The nextestep was+to begin plantmg Jack mstlgated thrs work in Febs
" ruary starting with lettuce, tématoes, cucumbers and cantaloupes. On
_the lettuce and tomatoes, an experiment was performed. In some cans

AN of lettuce and tomatoes soil wasused as the growing medium. In other . )
v o o .~ |cans of the same vegetables, a hydroponic gravel was used as the grow-, '
” R mg fnedium, Horse manure leachate was used as a nutrient solution for
. - -+« lall plants. Durlng the cou%e of the experrment no real advantage of
S N usrng the hydroponic gravel\was observed However, significant heat-

rng and cooling cycles on the ‘platts. occ.urred during the experrmenta- ' .
] § g tron -period; ¢ausing severe da nage-to plant health. We ¢an readrly ad- ’ ey
T o ‘mit that this flaw in “the systeérn is due mamly to the fact that busy o
. " & ople sometunes forget to.open and, close vents. Work is being done
iy gxcorrect this problem. Ask any psychratrrst Serlously, we do still .
iz ] hate a ventrlatron%pr“oblem and our next improvement to this green- “
. . ser is to install-a roof top wind .turbine to see if this will help draw
. , > air through. at- a “quicker rate. If this fa\xls our last resort will be to
- - : “install a small bathroom fan at thé top of the greenhouse inside, en-
‘ o closed in a plenum chamber. Durmg the day the fan would pull pre- ,
i} l s T heated air up- to the fop of the greenhouse pus\\ it down between the
4 o0 -~ double glazed wmdows into a bed of rocks, a heat sink, then exit, out v ’
o S . to the atmosphere ' L . S -
B i T i oA . - . . ¥ N EP .
T s In addltron to those alteratrons a shading hp protrudmg out’ about 18 1nches over the ! )
s “top has been added on Jor help cool»the unit”The ma}n recommendation ofJohnson and | .
: Park is to leave your swrmmmg pool for swrmmm“ and put your creenhouse on solid ground., ‘
-E - : Wrth the brain’ _power at Hehon you can be sure that any manutactured greenhouse .~ ¢
s - or plans would have the kmks 1roned out Wn.te them for mformatlon Helion, Box 4301,
Sylmar CA 91342, . = R _"-f',- S B TR S
k-4 ' o™ B 4
) v _ ) -
. _The'Vegetable Factory T e T o . L b
) . S e ,,i," T L e L ~s R
The Vegetable Factory is in"the busm—ess of manufacturlng thermally efflcrent prefab
£ :‘*’ - greenhouses. They make both freestandlng ‘and lean to models You assemble the- sections
" at home” Frorn their hterature “Takes two unhandy adultSJust, four td six hours to as-
Lo N - i34 ;,r; B TN
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—— __..creates a l/ﬁ’ﬂeadalr space betWeen the layers of fiberglass. This sub-.. . 1

/ The photograph oir the followmg page shows Garden Way s suggested b]ock ptantlng ~ -:

_4ptal window-clear transparency in specific areas, a double wall GE Lexan® pane} isavail- ¢ .
- able.” CT . a ’ T T

'_data lndlcate o s .

[ . S Y A T

semble. Takes no expenence Only ascrewdriver and drﬂl are needed 2. “For those desmng

1Y i . B g -

. The company has done extenswe testlng on’ thelr double frberglass-acryl'

p . X - g A
T h RN . . 3
. . N T .
3 . . \ . . SR {L .
v X \ 1 . §F

=z 3 - B S — —_— _— £ _

. Basrcally, glass as a thermal barrler is not Very. eff1c1ent In actual
+. - practice, a singte pane of 1/8” glass, the thickness typrcally uséd’in:
greenhouses, conducts 36% more BTU’s. than a single” pane of the glaz-

ing used’in the Végetable Factory, panels The Vegetable Factory wall

" panels are 244% more effective as insiilators than srngle panel glass
g They are 145% more efficient than double-insulating glass, the recog- :
nized standard in energy conserving glazing. The anrtual difference-in > - .
fuel heatrng costs for a Vegetable Factory are reported to be 1/3'to
1/5 the cost of conventional srngle pane hou5es,g relatlve to climatic -

area’ condrtrons and type of constructlon .

Vegetable Factory s patented double-wall oonstructlon is 2 rigid panes St . e '
permanently-bonded on an ‘aluminum num [-béam grid’for separation wluch o '

=

~stantrally reciuces the heat loss normally'expenencedm greenhouses

W .
i -

The double wall fiberglass panels are very hght in welght (each layer
.025weighsabout .2 1b. per 5q; ft)) ehmmatrng the need for' an»elabor—
- ate, expe'ﬂswe understro L.
" sizer (3’ X4’ for roofs and srdes) surrounded w1th elastlc gasketry, :
eliminates most of the potentlally expensive and leaky joints of typi- y
cal greenhouses. Very little of the alummum structure is exposed, pre- ‘
) ventmg a great source of heat loss ' . . , ‘ .o E

. ‘Therr complete study of the transmlssmn characterrstrcs of flberglass/acryhc IS one of

‘ the best I have ever seen. The insulating percentages are hrgher than usual. - o

Vegetable Factory commrssroned Garden Way Laboratories of Verrrtont to inyestigate -

<

" the food production capabrhtles of the freestandmg and lean to model I quote from their

report; : : T ' , -
. N .. ’ ’ id . " et B a—

- Winter bush varieties oquuash are universally poor yielders, plus they-
cross-pollinate with summer squash and zucchini. The latter two should

. i .‘ .
. be the plants of choice. %‘ L S
Carrots are too" inexpensive to b her'with. . D P

S— ...,-;Forget about peas due to their rambling nature and-the; fact that ‘their LT
., - yield per foot of space is poor. . . o S B
" Four hanging baskets of patio type- ‘tomatoes will yleld over a r1d1cu- / '
lously long period and are hardler than most standard varretres

method Thismethodina 56" W x'12’ L lean- to model yrelds $245. 64 worth of vegetables
‘ina year at Jr973 ‘retall prlces ‘ o ‘ S -

&

- - . e : 4




‘ FIGURE 98 - o e
8 i ' ’ : : . . .
- Lately, the Vegetable Factory has been exploring the solar heating potential of their
/lean-to models. They have an application on a'private home in Nantucket, Massachusetts,
- based on the same principles as the lean-to designs in this book. For complete literature and
T .. . > . . — :
' pricing information, write Vegetable Factory, Inc.. 100 Court Ssreet, Copiague, Long Island,
New York 11726 : : .
' i o '
PR -
’L“N\
,".\\1
' . i




o . . v
1\ t * 3 ..\\ § N \ —_ "
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3 \ . " Thisis a young company with-big plans. 1t is headed and founded by Stephen'Kenin\' .
A e ‘the president of- the Taos Solar Energy Association. "Kenin is no newcomer to solar energy -
: “2' ; . . - applications. He has\worked for Zomeworks and witly Hamllton Migel, on his home (see

“1 7 page 94). Here is his e\xplanatlon of tli€ Solar Room s

‘ , - The Solar Room is a-device that turns the southern side of a home in-

R N e to a solar heater. Made of a special plastic, a Solar Room can supply

‘ ' 135%3 65% of home space heating needs. With heat, storage and msula-

tion options its heating capacity is greatly increased. The Solar Room

-4 ———is.available-in-kit-form dnd js designed to be an exterior room, seven ' - - .

. feet wide and as long as space permits; 20, 30 or 40 feet. Tlle longer
- the Solar Room the miore heat is collected.

-

. ‘ Not only a heat collector, the Solar Room is a versatile, inexpensive
woT * -addition to the home, costing only $2.50 to $3.50 per square - foot of

floor space. It is ah airtight, thermally efficient space, ‘and can serve as -

- - a greenhouse a winter playroom for children or asa foyer to the’ house

: = ————wherecoats; bootsand-hicyelescanbestored out of’ the Winter weath——

| "1 7 er. As a gréenhouse; the Solar Room is,an especially efficient space,

"'«\ : g o L " providing warmth for the household and fresh vegetables for the dinner
' . table. In the Sprmg the -garden can be started early in the greenhou:se .

R and transplanted outsrde when danger of frost i 1s past-.r ,
s : i

. , The Solar Room is also a take down ! room. Because of its eflectrve- ’
' : " ness as a heat collector it is not needed during warm. weather, and has . o
. e been desrgned to take down during-the sunmimér months. The mmal .
.o ’ installation réquires less thania day’s time, and after that removrm the © - o

Solar Rogm in the Spnng and putting it back-again in the Falll takes ’

L only a feIw hours When not in use, it tal\es up little storaee space. ‘
. . l - ¢ A ”

The Solar Room kit is made possrble by the use of 4n exotic new plas-

tic that{ resrsts the drsmtegratmér rays-of the sun and thus lasts for
years a d years, special aluminum exXtrusions that liold the plastic in -~
place the best grade of clear heart redwood that will got rot, mrx:on- :

—  _tact with the ground or in moisture, and galvanized ribs thatsupport -~
o T Tthe plast1c skin and will not rust. The Solar Room is double-glazed, !

, wluch nmyeans there are two layers of plastic with an insulating ‘_‘dead_ﬁf; I

pooair” space in between. It has withstood wmds over 60 miles. per ‘hour.
. A 30 foot long unit costs about$500 and-rasacottector area of about
330 square feet, a heating potential that is conservatively in the mil-
lions of BTU’s per heating season. It has been estimated by the Los B
v Alamos Sc1entrﬁc Laboratory that a solar collector of 330 square feet )
. e . . may supply -alt of the heating needs of a 1,000 square foot house in T~
: this locale. However, in order to be conservative m the heat rating of
our Solar Room, we claim that it will supply 50%'bt the heating needs
. of sucha house. A Solar Room costs a tractlonlot the price of any

. - i a
- .1 . { N
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competing solar heating system of comparable heat collecting power:- T e

55

Th/e inflatable polygreenhous%\, naturally, doesn’t have the durability of a r‘i:g_id fibe{-
glass or glass house. However, it definitely has an initial cost edge over any similarly sized
pre-fab solar collector. If the owner takes good care of the material and stores it in the

: summer it might go as long as five heating seasons before replacement of the inexpensive
polyethylene. That’s far beyond the pay-off period. As a matter of‘fac‘t, in some applica-

* tions.liké mobile-homes (see photo below), the Solar Room could pay itself off in.one

- heating period. (That’s ignoring the food producing capabilities of the.unit.) Any home
owner getting hit for $150 to $200 a month heatmg bills (common in many areas) should
certainly mvesngate this system. . , o o

w ' FIGURE 99 .
Besides the,inflatable Solar Room, the compdny is also developing wqter heajers and
o~
thermally desnzned window box greenhouses.

Write them for more information at\Box 1377, Taos, New Mexico 87571

TR
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, The charts can be used fo determine: V.o e
R — ’ ‘ ] e . ” . "\’ . v ( i q .
¥

l)f The hours of dlrect sunhght your greenhouse w111 receive at any time of the year

e
ﬁ How obstructions will shade the unit.:

3) The altitude of the sun at any moment. . . = ) \ ' et .
o 4b A vrsuahzatlon of the sun’s rays striking a flat or t11ted plane o !
- : }‘ ;,"»-:\ o s ‘ . ‘ \
\Lou ‘will need: T ‘ T e i
5.' ; y o ”3‘>a ‘5 : , . - . ‘
} 1) A small piege of graph paper. ' ' o - IRy -
B SI. 2) A cheap pro{faetor ) — L
e == Sy A sfrdight edge. T Tl : “
. ) o N
Some definitions are in order: :
5 : ’ - : )
- 1. Sun Path: The apparent (from our v1ewpomt) mov‘eméht of the sun through the
T———
heavens. On our’ charts, the sweepmg east-to-west- lmes are. the sun’s path on-the 7lst or -
22nd.of each mlonth : : : s
2) Altitude: The herght in degrees of the sun from a true hor1zon Altltudes are
“shown on the concentrtc circles at’ 9O mterv&ls in the upper right of the charts.. ,
3) Azimuth: “The dlstance in degrees east or west of true south shown on the radii .

_of the charts. ) - R S
4) Time-of-day: The nearly vertical lines represent the soldr (1ot tnﬁe zotie or dav-

R light savings) times of day. They are noted acroes ther\p sun path Hne

’ P
T P ©

AN

Here we go! : R : : N < T

- = : r A ‘ :

1) i hnd the harfhearestlgl_;rjq’_t_i_tude (Figures 100 and 101 are for 36O horth lati-
tude )y - -

2) On a piece of graph papertdraw. a scale model of the floor plan of yoursgreen-

Thouse. _A size of about one half by one inch trts easﬂy on the chart. Cutit out. You may want

to cut out scale drawings of your home and’ any. obstructlons To be accurate, all models

must be measured and positioned to the same scale. » ¢

3') @1 the greenhouse model mark the junction of all solid and clear walls. “r*"‘”‘fr‘_

4) Place ‘the model on the chart. By using the azrmuth angles, position the model '

in its actual orientation. In our example, the site is facmg true south sq the.model is paral-

lel to the 900 east—909 west azimuth line. The greenhouse center should be in the exact

- centet of fhe chart If you have included a house trees or other obstructlons orient them

4
1
r

-

SN 7;:.% o T r 1 39
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'around to the degree markrng in the upper_r_rM That’ [hat’s the sun s altitude. When y0u’re in

_patterns- through clear roof areas and sides (Flgure 101). By repositioning the sohd/clear

to scale and p051trorythem on the chart . 3T e
5) The frrst obJectrve is to examine the duration of sunhght the greenhouse willee——  —

"
. -ceive at.various trmes of yéar. Choose a month and follow 'its'sun path noting the number K

of hours the odel is recervmg direct sunhght Sohd walls and obstructions will shade the,, '

‘mcommg li tat certain times of day (see Figure 100) ©bserving the hours of’ shadmg W1ll _~,~' »

Ou to de51gn clear and sohd walls to best surt your particular location. ’
..6) Next, to determine any solar altrtude find the point at which a chosen trme of— /
day line intersects the sun path line. No\;v find the nearest concentrtc tircle and tollow it-

e

between C1rcles estimaté.

i KN
LS

- 7). Te. better visualizé the.angle of incoming. hght place the flat edge of a protrac- '

A tor across the t1me~of-day/sun path 1ntersectlon you.are studymg w1t5h the middle of the . - ’
protractor ower tlie cenfer ‘of the chart. Take a straight edge and connec;ghe center of the” / '

e

protractor to the determined solar altitude angle on the .edge. ‘That*s where tlte sun 1s at ing ,,/'/ -

that moment of time (see Frgure 101) . - ; *

-

8) A srde view of the greenhouse cut out of paper is helptul in determlmng hght

n,/

areas in the model, you should be able to get maxrmum wmter sunlight for your location ,’
and also obtain some summer shading. - s *

9. Thls same procedure can be used for any solar apphcatlon

7
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 VARIETIES. LOCATION

‘TIMEOFYEAR .. '

TO PLANT SPECIAL INSTRUCTIONS

T . Ry . . * i o o . .
e . — ~. P R : L : s
. TOMATO EARLIANA - FRQNT OF .’ 'EARLY SPRING . NEED FULL*PHOTOP;RQIOD
. . . Bi6 BOY . ¢ GRE:-ENH USE: MID-AUGUST .~ POLLINATE BY LIGHTLY TAP-
- - MARGLOBE ' /" insprinETeN  C PR SR 2 PING OBEN Bl."ossoms OR
) TMICHIGAN OHIO i BACK WALL IN ’ SHAKEPLANT VIGOROGUSLY,
LEARLY GIRL WINTER: ¢ T - TRAINPLANTS UP STRINGS.
. °ANY sMALL VARIETY‘ ) . " e TRIM FOLIAGE SEVERELY
R i PATIO, CHERRY, PEA. ’ : T TWHEN INFESTED" WITH INSECTS
) .COLD SET FOR WINTER v AND INFALL TQ PREVEN'I:- ’
T e i K “ 7 - SHADING OF GREENMOUSE, - . °
; - P, . o3 Cr L D® NOT CUT TOP GROWTH :
% . » M TC CUNTILYOU ARE READY FOR
. e ks Ve - ' » ! . "' Y PLANT TO STOP GROWING. _ - »
;“5 . | ) ) TOMATQES ARE BE ENNIALS
- LS T * ‘ ANDWILL P..RODU"CE\FOR AT
B . o T 1 P » LONG TIME. 3
T T DU . . S PULL SL‘JCKERs(Fou'ND N’
) - E : CROTCH | OF LIMBS) OFF. THEY
\ - CAN BE RQOTED; START iN' )
e T e . - N _ SANDOR. VEF’(MICUL.ITE i
e . «.' ., R L. N _—, T A : )
B CUCUMBER ANY TYPE WILL.D CLEA.R SIDE OF EARLY SPRING ' NEED FuLL P-HOTOPERIOD.
e BUT EUROPEAN FORG- "GREENHOUSE MID-AUGUST ' POLLINATE WITH.A SMALL
_ ING TYPES-WHICH Y} IN SPRING. o ' BRYSH OR LET THE HEES IN.
o ' ' ‘PRODUCE FRUIT BACK WALL IN B ’ - PULL.OFF FIRST SEVIERAL
: . WITHOUT ARTIEICIAL . WINTER. CAN _FEET-OF BLOSSOMS’FOR BET-
. POLLINATION ARE "STAND SOME~ CTER FRUST oo .
_EASIER. ; IsSHADING. s . TRAIN oN'Ss RING OR TWINE.
i ¢ . “ "-; . e ot T CAN BE TRAINED-TO CL_SMB
. ! o : : s X ’ 4 . " ALLOVER THE SIDES AND,/
j i . ¢ ) . - ROOF oF GREENHOUSE.
. L . ‘ " . - \w JCINL AN
- RED GHILE _ . C o FFyLLLIGHT EARLY SPRING . ADAPT WELL TO sMALL CO'N-
i ANY GREEN, BELL - *AREA MID-AUGUST “TAINER OR'BEDS.
- - " wWAX s s i FOLLINATE WITH-SMALL -
- : - - BRUSH.
R o, T - . i . . . BE CAREFUL NOT TO OVER-
: » . R . t R "WATER. : : —
.o ' o L TR co {CHILE PEPPERS DO.NOT SEEM
s N \ : . R TO GET ASHOT AS THEY DO
) JEERY e : I E R Y T LT ouTDo..ohs STILL DELICIOUS;
Y Ty ‘ HOWEVER. 2
MELONS AND WATERMELON NEED LIGHT« —«ﬁ '-EARLY SPRING #,)TFﬁ‘M VEGBTATION.
SQUASH . CANTALOUPE® AND-LOTSQ . ‘GROW OUT THE VENTS— SUMMER i
- CPUMPKIN, .~ \ROOM. . L 5 %, WILL CROSS POLLINATE: TRY
i 4, HONEYDEW,_ v ¥RONT OF - '.\" Cow _y TO SEPARATE.VARIETIES BY =
CROOKNECK. L GREENHOUSE, Tz " - , DISTANCE. : .
o I ZUCCHINI S : . \ e ’ .
n . )CO RN \‘Q o . . - >l . \ iR - . ] i
AFY GREENS LEAF LETTUGE CMEDIOM LIGHT. ANY TIME- DEPENDABLE WINTERPRO-_ - .\
Lo "% ENDIVE . Lo “.cooL . *MAKES THE ¥ DUCERS, ; X
R KALE - - L ! MOST SENSE IN, HEAD LETTUCE DOES NOT
=’ ___SPINACH / x LATE FALL, HEAD WELL IN GREENHOUSE,
° . ‘ © _MUSTARD GREENS B WINTER, EARLY, Pn_ANT DENSELY, THIN AS YOU'
‘crEss' SPRING E M €
- CHARD . - . gAFY GREENS WiLL GROW IN
" e e e COLLARDS o " . 7 BoTs, ON VERTICAL SURFACES,
P /CHICORY LT ' ALMOST ANYWHERE. .
CELTUCE e, o o PLANT UNDER TRIMMED FO- *
- s T © MATOESOR CUCUMBERS.
. s " S ‘. CAN BE GUT MANY TIMES WHILE
_y : N L ] T GROWING, :
. . ’ K LS WILL GO TO SEED LF TEMPERA-
: s T, E TURES: GET TOO WOT, K
‘ ' - . e ’ 145 ‘ : Y
& oo e ) f ' | L
~_ L _’,_——4”’*—'7 - R ” i B (,’-, - e
) - V'_»;’ T . . \; “ el - .
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'BEETS

TURNIPS

et P iony

BROCCOLI
TAULIFLOWER
CABBAGE
BRUSSEL

. SPROUTS

- id : "y
“BEANS

1. *

PEAS
Yo T e

ONIONS
SCALLIONS
‘GARLIC” .

-~ STRAWBERRIES

- T B A )

" 1ADECROSS ~

PO LE”

EARLY BEAUTY

BURPEEANA EARLY

VARIETIES

v

i . ) —y
SMALLER VARIETIES sUNN\iu"\.‘.
' o 7

. / N

- ) wc/’

ANY MEASluM LIGHT
.- P
r; . ™
- -
* "
ANY ANY PLACE

N

. N - ‘ “ +
CALABRESE,oITALIAN MEDIUM_ LIGHT
SNOWBALL - ' cdore

GOLDEN ACRE, CHINESE _ °

BURPEE’ GOLDBEN UPWALLS., °
B‘LUE LA,,KE: e pp—
"
“eza, “ * 2 . .
BLACK BEAUTY.,. o SUNNY’ :

L

>
v

SHADY AREAS.

BLUE BANTAM & cooL. N
sSNOW - ] :

SUGAR . J C
R - .

ANY, - MEDIUMCLIGHT,

SHADE.

EVERBEARING * .

\

» LOCATION

MEDIUM LIGHT.

" UNDER’ TABL.ES

~ . s . : i Q:_*W
TIME OF YEAR -
TO PLANT SPECIAL INSTRU TIQNS
FALL PL.ANT THICKLY AND TRIN
WINTER - | ouT. ) S
EARLY SPRING SLOW'MATURERS.
b " INTERPLANT WITH TOMATOES. .
FALL DO WELL IN SHALLOW BOXES,
WINTER PLANT THICKLY, BUT THIN
., - TO ALLOW ROOT TO BECOME | ° .-
" LARGE,
FOLIAGE WHEN SMALL MAKES
» GOOD EDIBLES.
AN-Y\TIEH‘EV OON'T PLANT MORE TH AN/
g N N YOou caN EAT,
¥ - EXCELLENT INDICATOR ,or-‘
SOIL VIABILITY: SHOULD ‘ ‘
. SPROUT IN3- 5 DAYS, |/ Lo

LATE SUMMER—

EARLY FALL
FOR WINTER
HEADING *

v

_EARLY SPRING,

LATE SUMMER!

- GREENHOUSE’ EX,TERIIOR FOR.

y !

SPATIALLY consuming
CROPS, .
DO WELL INPOTS, :
TRANSPLANT WELL INTO - -
GARDEN.

-~

. . ;
"GREAT ON NORTH WALL OF :
GREENHOUSE. '
TRAIN ON TRELLISES.
CLIMBERS'CAN BE USED ON

—

i
1 Y

SHADE "(RED POLE BEANS)

EARLY VSPRIN,G\POLLINATE WITH SMALL lERUSH R

' THROUGH
‘'SUMMER

FALL i
WINTER . ©
EARLY SPRING

i

FALL -
WINTER. '

OR FINGERTIP,

—TRANSPLANT FROM GARDEN
BACK T_o G.é.EENHouss INFALL, - '
USED TO REPLENISH NITROGEN -

, INsoiL, kK . )
FOUR POLES 1N conNEﬂs -
STRING LATTI-CES'ACROSS

o

7

"“'KEEFSO[LMOIST . St

FRESH TOPS ARE GREAT IN

FEI SALADS TRIM REGULARLY

FALL

START SEEDS IN GREENHOUSE
FOR GARDEN SETS. ‘ .

GARLIC ISAN INSECT FIGHTER, | +

EiTHER'GROWING OR GROUND,
INTO WATER SOLUTION.

LIKE MORE WATER THAN VEGE-'
TABLES, -

. P
N .

' HERBS WE HAVE HAD TREMENDOUS SUCCESS WITH ALL WE HAVE TRIED. THEY GROW IN ANY \"‘
‘ ) dLOCATION BUT PREFER MEDIUM LIGHT, MOST DO WELL IN COLD WEATHER.
- ANISE EORAGE** 'CARAWAY ~CORIANDER OREGANO PARSLEY THYME DILL .
. 'BASIL CHIVES CHERVIL TARRAGON MINT (ALL KINDS}) SAGE - SWEET MARJORAM 4

. TOMATGES
- PEPPERS

.. MELONS

o I . . __-sROccoLl

“SUNFLOWERS
CELERY ‘
: CUCUMBERS

4

TRANSPLANTS OUTj R

-

BEING PUT, INJI'O THE'GROUND

BEST FOR TRANSPLANT FROM GREENHOUSE TO GARDEN. DON!T BE DECEWED/ST,ART"\
6-8 WEEKS BEFORE ANTICIPATED LAST FROST. THEY GROW FAST. TRY NOFTO DiSTURB
ROOT SYSTEM ANY MORE THAN POSSIBLE: MELON AND CUCUMBEw
., DAMAGED.HARDEN OFF BY EXPOSING TO OUTDOOR TEMPERZ
_+~7" EGGPLART - TRANSPLANTING. GROW IN SMALL CONTAINERS WHEN YO
g POTS (THESE NEED TO BE CUT BEFORE
INTEGRATE QUICKLY ENOUGH AND THE PLANT.CAN BECOME ROOT BOUND), EXPANDING

" PEAT PELLETS, STYROFOAM CUPS, MILK CARTONS MACDONALDS\QUARTER POUNDER

oTS ARE EASILY €
TURES TWO WEEKS BEFORE
CAN: WE HAVE USEDAJIFFY
f‘THEY DO NOT DIS-

kS
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! SQUASH. CONTAINERS, TIN CANS, IF POSSIBLE, TRANSPLANT ON A cLOUDY DA\( SHADE:AND Lo
s ’ . CORMN WATER WELL AFTER TRANSPLANTING, ., TR - .
o “ - — DO NOT FORGET THAT ALL OF THESE SEEDLINGS PLUS FLOWER AND HERB sTA\RTs ARE '
) ' , BIG SELLERS IN THE SPRING, A SMALL (160 SSUARE FOOT)SOLAR GREENHOUSE LBUILT *
- o . IN IDAHO SOLD $273.00 WORTH OF SEEDLINGS ITS FIRST SPRING. THAT WAS OVER HALF =~ *
- . THE COST OF THE GREENHOUSE. . . g : .
L . R o . s : o . .- e
v i o v Y e ‘ : ) .
I TRANSPLANTS IN , T
e ' s - . b B l“ " ¥ o
. : . - & g - s :
. " o . . ) a L
- TOMATOES IF YOU ARE CAREFUL, YOU CAN TRANSPLANT HEALTHY*GARDEN CROPS BACK INTO THE
. PEPPERS.” - c%REENHOUSE IN-THE-FALL. BE SURE TO CHECK FOR.INSECTS AND DISEASE FIRST.GET . .t
EGGPLANT *+ ALL THE ROOT SASTEM Y.OU CAN,SHADE AND WATER THEM IN THEIR NEW HOME . .
MELONS - ; -
ONJIONS . S T g - - - h
= " BROCCOLI . . ¥ . v T
o PETUNIAS v ; . . A - o » : wra L
) .. . PANSIES ) : : . ' : - .
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i APPENDIX C —f)ngomg R%search

/
v/

The followrng hst of papers 1nd1cates the amount and varrety of work takmg place m T
unlversrtles 1nst1tutlons and private frrms across the’ nation. Much of the research 1ssa1med B
.at solvrng problems for large commermal growers who make their hvmg mth—greenhouses
However the work-is- apphcable tor every greenhouse situation. Most of these: papers are

lughly technical in nature. and you’d be wastmg t1me and resources ordermg them unless 7

3

“ you'can understand and use the data

L *C, Drrelle Balrd and Davrd R ‘Mears, Umversrty ofFlorrda, Pe)formance ofa H) a’;onzc So/a/ o
- Gzeen/zouse[Heatmg System in Florza’a '

e Vam\ous components and on the complete system

I've tried to present the mdin. emphas1s of the papers by quoting fran summarres _
or abstracts in order to give you an idea of what the paper s about. In some cases, we ve s

. . used diagrams from the publication: - R

Many of the paperfs were presented at the Solar Energy Fuel and Food Workshop .
presented by the Envrronmental Research Laborator'y of the University of Ar1zona in co- |
« operation with the Energy Research and: Development Admlmstratlon -and the*United States
" Department: of Agrrculture I'sh grateful to Merle H. Jensen for permission t& quote from o
the proceedings of that conference. The. éntire proceedings 4re available for $5. 00. Write . . *""l“
tcrtlrernrversrty ‘of Ar)zona Tucson Envrronmental Researc,h Labs; Tucson Internatronal g
Arrp,ort Tucson, Arizona.85706. Papers from that conferencd are. lndlcated by an asterlsk
When there are mmthors I've listed the frrst author on the paper

L]

w

I ¥
{
LR

NG k . : . . " . . ’ k Do
) *Afull-scale greenhouse located at Bradenton Florrd his been equip- :
- ped with a complete solar heating system. The system mcorporates flat : R
plate solar collectors, an external insulated storage/tank, forcedcon- . . - '
- vection water-to-air heat exchangers, and automatig controlsxtor both - -
collection. and greenhouse heating modes. Performance data on the. .~ = .~ 7 BN
e presented From =~ : .g
. the summary. for systems following this pattern of operation, the ‘ T
des1gn temperatures must bal@wnsulally less th n ‘T00°F.. ho,we_ver, R "
arger storage systems and heat exchangers are required:”” '

“siom. Nfanchester New Hampshire 03103 \\\ B o ' B T e
The paper corfipares-three small greenhouses: : ~
. ,r/‘:\:—*—\\\ ) . ; Tl 4 "

e" lazed umt wrth very httle thermal mass.




T " o Greenhouse No 3. had much higher minimum temperatures than L
erther greenhouse No. 1 or No, 2. In fact, duringsthe ent;re two week™ 0 .
e e penod ‘monitored,. its mlmmum temperature spread never fell below =

- ~ 550F, considered acceptable for most plants nighttime temperature SR
' Secondly, the average temperature spread for this greenhouse’ was Qn -
ool _the order of 20 - 309F Wh1ch is also acceptable The only time in ;
& 7. which the thermal environment in-greenhouse No. 3 was unacceptable g
DA - L fo most plantswas during a very sunny day following a previously sun-
£ } e _ny day The fan and thermal masssystem wasunable to keep the temp-

/

T -

R eratures below .92°F and’ in fact-rose to, 100°- -or so. Under these con-
E ~ditions it is:felt that some venting must be. mcorporated to mamtam,
f JTTE e . reasonable temperatures in the greenhouse
‘( e ‘The paper also ‘contains a design sketch of Greenhouse No 3, temperature graph
25 g  and data for, test period, an economic companson of dlfferent desrgns and an understand- o
/ o _} . ‘ , able sales pitch for Kalwall Solar: Battery Collector Tubes the water filled frberglass tubes
1‘

. used in the expenment L e L S |

ra

.\.‘~

o ‘*John E Groh The Umver31ty of Arlzona quuzd Foam 1nsulatzon Svstems f@r Greenb
. ] .

_ . -

lrouses. - L [ IR -
: - o . N v = ' 5 . 1

T ,i S B “quurd foam 1nsulat10n is amethod of reducmg mghttrme energy losss -
s =L T | es from roofs of greenhouses. This system utilizes aehqu1d based foam -
S o insulation'material placedat night between two layers of polyethylene
MV . intheroof of a greenhouse and has'the chlculated potential ofrreducmg
the night heat losses by.85%. Actual measurements on a test green-
house have produced overall savings 0f*47% when compaled té an un-

.

CL e T . The system ut1hzes a foam generator to blow a soap bubble type foam between the
: o oailr 1nflated polyethylene ,(See’ Frgure 86, page 122.) The . toam is drained and recycled
- ,‘,_,as—t—he~bubbles burst So- far, the system has been. utsed only i in areas where the’ mghttlme

—.Ji’/-”'-"#)‘-» ~ lows do not get below freezmg TR method has large scale poss1b111tres 1n the South in 1ts )
o ‘present stage of d‘evelopment S ' N '

?‘1 o S0 -\\~

P
-

‘ ' Co;mol Utzlzzmg a,Combined Solar Collector G;eenhouse
Thls paper 15 an overvrew of a combmatron of projects at the Envrronmental Research

Labs and how they apply to tl;elr lrome-greenhouse experrment

4 : : E . 2 . ~ .
o “.The integration and performance of four ¢oncepts in environment- -

!,
al control are’”being evaluated: a venetian blind solar collector (see A

_ Peck, this section and photo on page 56, Chapter V), rock stofrage for-
heated or cooled* a1r advar ced methods of evaporatwe coollng and.

*Merle H. Jensen and Carl N. Hoclges The, Umvers1ty of Arlzona Reszdentzal Envnonmenm\

Toamed two layered polyethylene greenhouse ”o e /.
N




11qu1d foam‘ing of a greenhouse ce1}1ng for mghttlme 1nsulat10n

of partlcular interest-to me is a section on the vegetable productlon capablhtles of the

£ umt and planting by “hght requu:ements of the crop.

- Veéetables a _Cul’ﬁvar 4 * Plant or Seed Source’ )
"~ Pepper Christmas Pepper .George Ball Pacific, Inc. - -
o New Ace . Takn and Co., Ltd. B
Lettuce Dutch type - lek Zwann o
Summer Bibb ) Joseph Harris Co. .
Salad Bowl’ " Joseph Harristo. -~ :
Tomato Patio.u.” George Ball Pacific, Inc. /
Tiny Tim* "George Ball Pacific, Inc. .~ LT
‘ . Small Fry ' . George Ball Pacific, Inc.’ * .
. E-ggolant oo Beauty Hybrid . ' George Ball Pamflc Inc. : '132
"~ . . Black Prince T@kn andCo., Ltd: . ... ~ . F°
~Cucimbér __ Patio Pik - : _Ge’orge Ball Pac1f1c Inc. \ e
Spinac‘hw- Malabar - . W, Atlee Burpee Seed = \\:\'\17:.
< : , o Growers Co. - .
Radish Chan\pion or Red Prinde. J oseph Harris Co. S
Frﬁits | E .-
! 5 ‘
" Strawberry | Fresno Californja Strawberry
' Foundation . \
*Banana Dyvarf" : " Environmental Research -
- . _Laboratory
Herbs ' e )
Annualsand  Assorted . Gegrgev’Ball Pacmc an .
K Perennials R ot L \_ 3
. George Ball Pac1f1c: Inc., Box 9055 Sunnyvale CA 94088 . ;L‘»ﬁ-i )
Takii and Co., Ltd. Umekop-lnokuma P.O. Box 3091 (Kyoto Cen- s & = .

tral) Kyoto Japan

£

Rijk Zwaan s Zaadteelt en Zaadhandel B.V. Gurgem Crezeelan 40
De Lier, Holland

Joseph Harris Co. , Moreton Farm, 3670 Buffalo Rd Rocfle§ter NY

- 14624

W. Atlee Burpee Seed Growers Co , P.O. Box 6929, Pluiadelp]na —PA

- 19132

Cahforma Strawberry Foundation, Plants Nursery, 3570 Old Alturas .

Road, Redding, @A 90001

3
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S _::,. *A. W. Gerhart. Gerhart & Son Greenhouse Inc North R1dgev1lle Ohlo ag,ticalfAJpptlii;a-v

tlon ofEnergy Saving Ideas. -
' Mr. Gerhartis a comrnerc1al greenhouse vegetable grower in Ohlo an hrs short pﬁrer e

, gives-some excelfent data—on costs; preblems: and practical applfcatlons hls company l?(as ex- . L \‘
e perrenced Here are some excerpts B b B L / ! N \
T T " ¢“...werequire two anda half to three people peracre td grow a 200y 000 RO &
' = 3 pound tomato crop...we have to spend $24, 000, per acre for natural - T

aggs . £3s...530;000 to $34;000 for No. 2 heatmg oil...and .an- estimated . "”
¥ ~ $18,000 for coal (1975 prices)...the trick is to burn a cheap coal effi- - ,

c1ently and still satlsfy the Environmental Protectlon Agency
, : e SR T
: T ...when the prlce of oil went up four tlmes the prlce of"greenhouse -
- : . tomatoes did not increase four trmes , A S
R . ) . ; ) . - ) gr . ) .
‘ ' R we have adopted the drastic reductlon of fresh air into our plant. TR
S o T o We sxmply do not 1ntroduce any fresh air 1nto the greenhouse unless .« L
=7 - it-is necessary tocool the crop, We. know the plants need’ carbondi- T
o R - oxide ,(COz) -and ths thatmany kmds of fungus and bacteria thrive in high '
- ™ -, humidities. We introduce COy’ iconstantly, starting an, hour orso Be- . -
~fore sunup and contmumg untll two. hours before sunset Our CO9
Lo - generator is water cooled, so most of the moisture ‘is- removed that, SR ,
) - would be a part 'of the combustlon process Thrs heat is is  then released. ’ T
~into the greenhouse through a h‘eat exchahger or, if the sun is shining, ' '

o ~ fhe heat is stored in our 100, 000 gatlon/ c1stern until nighttime-and -

e .7 then mtroduced tgthe greenho)Jse Our. xrrlgatlo ‘water comes from SR
¥ - Ut . . .he cistern and generally we irrigate wjth water o about 80 to 90OF. , LBy
o ‘ " PWe use fungicides to dontrol botrytis‘and leafgmolds, a procedure we ’ '
~ have used successfully the past four years. ‘

!‘wg

NPT g ‘ . T R
e Tf: next item of interest is the . ins thl‘l of aluminum foil behind * "
e A _ our steam _heat pipes to reﬂect heat HU3g8 into the greenhouse. We use .

T, bmldmg for] with paper on one side ang‘ﬁlscard itafter the winter sea- ¢ -

1

- . . - L |
-son. - o ) ) oy

; A For years we have 11ned our outside walls W1th plastlc sheetrng but
¢ .. .x - . ' this year we igstalled a 4-mil double wall cover over our glass, and.i in;
Pl S flatec® the cover as is’ “done in plastic houses. There will certamly bé o
o, more potentlal in- the future for us to use the double wall system.’ S
Insrde we haye been experlmentmg W1th methods to 1mprove produc-
o o _tion without increasing energy consumption.One procedure that seems
. “to be effectrve is to warm the soil to approximately 709F. We have : ) ‘
L ‘lowered our. air temperatures: from two to four degrees, and we ‘are. - -
o st111 getting excellent productlon . o .
A . Perhaps the most intrl'guing energy utiliz‘at/ion procedure with which **
we are now working is the use of a reflective material on the groupd . oo 0o
beds to reflect solar ¢ energy back up to the pIants We first started _thls e

; 152 . ‘//‘-/./

}‘ . W 4 - "!/



e

! -

when a representative of a firm aperoached us with the idea of using
_this material as a heat reflector over the top-of the ciop at night. We '

were not enthused about this procedure but offered to test'the ma-.... .
.7 terial as a light reflector on the soil. The first year we showed a ten
Tl - - percent increase in production on a small plot, This year we.have one -
T - fourth of an acre covered with Foylon (manufactured by Duracote), 2
o . - and to date we have an increase’ of 15 percent over the check areas. ! /

) - lights on 24 hours a day, Two weeks from the seedmg date, the trans- .
o - C plants are ready for gréund beds. We use 100 square feet of areato . *
O - - grow 12,000. plants. The excgss heat from tthe light 4 is used to help.

n ? heat our service room.”

- At the end of the paper Mr Gerhart ex‘\presses optimism about his industry beingable
to survive the energy cost increases. The entire paper should ‘be required reading for any-
- One. thinking about entering the commerma,l‘greenhou,se food growing business.

h K3

.. -  Ldwand, ef. al, Brace' Research Instltute of McGrll Umvers1ty, Quebec Canada Two pa-
' pers-An Invesngarzon of the Contrzbutzon of Solai Energ} in Heating Greenhouses in

Quebec and Tl{e evelopment and Testmg of an Envuonmentally Deszgnea’ Green/zouse
for Colder Regions.: S S—

. T‘\\ e It was the Brace Instltute people who first built and_ evaluated an insulated and reflec-'

) \'\_ ’ tive north wall greenhouse \(See The Herb Shop, page 87.) They can also claim a-great deal °

) \\ - oof respons1b1hty for awakexx\ng the scientific community to the 1dea of thq greenhouse as ,
L a collector. The fifst paper i An: engineering analysis of the total solar energy a test green-

house in Quebec received in a\measured winter period. The second is on the evolution of
the tilled north wall greenhouse ‘They also distribute,i 1negpens1ve plans for thelr greenhouse
and other low cost owner bu1lt solar energy devices.. - , l '

J
L5 - . . . . 7 . ) R
]

,. *Dav1d R. Mears’ and .C. Dlrelle Baird, University of qurlda Dev elopmenigof aeLfe—w-CGsf’/‘*
Solar.Heating Ststem for G)eenlzouse& '

9 . Y

S RS N , : o . . —
' “A wstem has been developed and tested for storing large quantities .
BTN ' ofwarm water under'a bench in a Ore’enhouse and transferring the stor- o

ed heat to the greénhouse when needéd. The unit can be constructed
T -oflow cost materiat and therefore can have larae storage and heat trans-
... ifer capacity. =

Ty - . , ‘ & C

. Relatively low-cost polyethylene film ‘'solar water heaters have been
. ’ built and their performance charactenstlcS determined. These collec-

>~ . -torswouldappearto bé more economlcal to operate than convent‘lon-

’ al flat-plate collectors at relatlvely low ternperatures

*

o . e _ : : |

L A . \ et 4 | s
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e : | o

A Y A of ‘black poly absorbers ‘mes
B i ey ’ ‘. ‘ / shadecloth and clear poly cover-\
i . Lemo ings are exammed Flow rates dnd "
S — mmmm;“ — /" efficiencies of heatmg and losses |

AIR DISTRIBUTION
b Tu - TUBE. ™

smam - are determined. In the system, the
__warm water.is thendrained off the '\
bottom of the collectorand stored

_ o in an insulated tank that fits un-
Yo ’ 29 6A. T

N SHELL 374 1IN, )
-, . CORRIGATED | e s der the greenhouse benches. The
T T. STECSIE o warfh water in the tank heats air

. " movingthrougha poly tube which
s° - . in‘turn heats the greenhouse See
. Frgure ]07

. FIGURE, 107
i

o DavrdR Mea.s ef. al Cook College Ruj gers New BrunsWrck New Jersey ]\[ew Concepts .
in Greenlzous \ Heating. Pu'blrshed by the Amerrcan Soc1ety of Agrlcultural Engmeers St

s o “Heat\loss due to longwave irffrared radiation from double filméd; air-
| , . - inflated polyethylene greenhuses can be significantly reduced. Meth=

‘ ods of\transferrmg low quality heat-from.warm water to air are pro-
. posed Thelr feasrb111ty 18 enhcnced when radratlon losses are reduced.

: : . sources

]
sE

R fRobertT Nash and John W, W1llramson !
. C h peiatu)e Stabzlzzatzon in Greenhouses

© 77 greenhouse, the thermal storage coefficiept and the heat transfer coeftlﬁlent between th& e
-+ .. . greenhouse air and storage system. ¢In this case,,water in drums) It also- contams some in- o
e teresting observatrons from other’;sourcesjs ,
. v . . B L. R ’ B SR
"""""""" : Many plants require ayarlatron of thé air temperature for optimum ‘
; growth Went has establlshed that there will be a best nyctotempera- : \
<1 tidre, or nighttime ternperature and a best hototemperature or day S
g ... time temperature for ary plant.. Wellensiek stated...It has happened : £
i %\ % wor——... ...=2in Holland that very ambitious tomato growers have gotten up inthe _ - s T
T =e . middle of the night to heat their furnaces, but nevértheless had poorer |
l . crops than their lazy nelghbors ‘who let the mght temperature‘fall Voo \\ SRR
oA = T . g
. % ‘ A contmuatlon of Prof Nash’s work w1th thermal storage is found 1n Thermdlly Self\ a

H -3
—_— B ‘ . H ) .

PR | L 154
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“This paper presents-a—fewbasic 1 prmmplés oanllector de&gn*ﬁd
T

lector compared to adding an external solar eollector mfthe paper

*W.J. Roberts et. al.. Rutgers Unrversrty Using Soldr Ene;gv to Heat Plastic. lem Green- |
houses. o .

.6 OF;P DIA. & ta il aml
BLUESTO

2"
STYRGFOAM ~~ e

ment (see Franta, page 103 and Improvements, page 56)

*D R. Prlce et. al. Cornell Un1vers1ty Solar Heatrﬁrzg of Greenhouses zn the Northeast e

. . - . d
1 ‘ : . : . B
ek b e e SR R

N

: L » / 4 .
Suffzczenr G,reenhouses publrshed by the Internat1ona1 Solar Energy Socrety in_ olume 7
of-the Sharing the Sun! proceedings:

L
Lt
v

d

*John F. Peck, Umversrty of Arizona. Basz‘c‘ Sof,l&r Collector Deszgn/and Consza’eratlons ‘

. \ - a
, =) ~ N .

- useTt also [ presents a framework with - which to orgamze\the various
general types of solar’ eollectors that is, a system of solar collector
taxonomy :

t

-

There are some easy-to- understand graphics in thrs pap[er as well as an, explanatron of
the University of Arizona’s “Clear-Vrew” collector. This venet1an bl1nd4ype collector can
adapt to a variety of opérating modes and offers good potential for greenhouse develop-

,.g——-“i"

Tlus paper covers a w1de range of toprcs To quote from the abstract

v
. J

To reduce heat loss at night from a greenhouse, the 'rese,arehers
have investigated various insulation techniques for use at.night that
*may be removed*during the day. Pulling black cloth along the walls
and across the ceiling reduced mghttrme heat loss by approxrmately
50%.

- »
-
1

—

i

An analysis of using only the greenhouse as a collector versus using S
a combination of the greenhouse and external collectors is presented., | -
Ffom a cost effectiveness standpoint, there is justification for using "
_only: the greenhouse as a collector with modrfrcatro’ns to improve its,
- efficiency.”

(Remember, this is upstate New York not sunny New
Mexico.. BY) ""7

There is also a listing of advantages and drsadvantages of ?usmg the oreenhouse as a col-

;
B . ~
i Lo

- . P - ) RN
! .

3" OF POROUS . ) )

' The paper has a section C'}lﬂ:)"ll’ack‘
f”c““? o ' - plasticwater flow colleetors sand-

wiched between;gWO akrr inflatéd

sectrons of clear fllm It also con-

Y , L tains data and diagrams of a'por-

%9%8:‘32&02#285 -3 é:vo . ns a Bam: P
AN R 0 ML ous concrete floor which acts as

T POLYE THYLENE . ‘1
: WATER BARRIER  StOTage for the solar heated.water
- | t" : | -

. (see Figure 108). The :collection |

NE 2/% ] goéa%o%qggg,gae

4508700 8 @@%

*
VINYL LINER =
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-~ + _'47 % ‘;
; sf i ’ »
4
- Ll s . Ly "'\: :
and storage system are lmked together with an air 1nﬂated greenhouse that utilizes a move- -
_ T
- able black plastlc insulating curtam . ‘ : L R

dxe

Se o\ , “Bob Hofstetter clanned supernor plant growth in theisolar gr{een- L

Mr. Roberts i is an acknowledgg expert m,ealculatmg“the heatmg4md vent—mg needs e
for greenhouses and has published a good booklet on those ' _requirements entitled Heat- o
-\ ing and Ventilating Greenhouses Cooperatrve Extension Service, Cook College, Rutgers—;

5"'5\"‘\“ The State University of New: Jersey, New Brunsw1ck New Jersey (in coOperatron with the
7 ‘ U S D A ) - ' - ) . : : SR - A

R . Ly

5 . ) . o v . . . . 1 .
’ L ’ CT o . : . BN / § -
w . - o T - .

- \Jac.k Ruttle A Nzce Greenhouse forNasty, Winters: All Solar Orgamc Gardenmg and Farm-
: mg Magazme September 1976, page 69.  + . ‘

o wark fespn’ s e 96)
Q Yy, U

) in K (58C page 70) w1th
“a free standmg solar greenhouse at Organjc Gardemng and Farmmg s New Farm The unit -
maximizes insilation on the north; east and west walls, the walls losing only 500 BTU’s per :
. hour ata30° temperature difference with the outside. The design mrmmrzes the cl,ear areas.
It also mentrons Dave’s desrgns of ‘removeable. polyethylene panels to cut mghttlme heat
B losses through the clear surfaces The relatronshrp of low nrghttrme temperatures (relatrv

to conventional greenhouse management technrques) was touched upon. . |

01 Dav avar 10N

“This 1s a'non- techmcal m‘esentatmn of Dave MacKinnoin

b
| .
» A . S N ) R

\_" Lo .

Vo " house. Now he feels that constant warm temperatures encourage weak, -
R spindly gfowth—and that the cool nights held ‘insect pests to a mini-
| * mum. The solar greenhouse produced excellent lettude excellent chard -
\ and even some early sprmg tomatoes"’ . R

E:

v

‘\\. I’d certamly like'to $ee more hard research done in the area ot temperature VS. healtl -4
ancl plant growth and increased research in cqld and disease tolérant. crops It s easrer and /

;¥ cheap;,r to plant the rlght seed than gam lOO in Januarv T L ¢
>

4

» av 7. z B E . . L : i B , - . § ~ J
, Joel C. Srmplms et. al. ,Rutgers Un1verSrty, New Brunsw1ck New Jersey Rea’uczng Heat ;/
A LOSses in liolvethylene Covered Greenhouses. American Society of Agrrcultural Engmeers /

St Joseph Méichigan 49085 o T - . ;’
- EXtensrve hard data on the thermal characterrstrcs of various lllms and’ curtams used

for exterror and interior greenhouse covermgs I j T S /

s r ) . | ;

*Ted H. Short et. al. Ohro Agr1qultura1 Research and Development Center and the Oluo
State Un1versrty A Solar Pond for Heating Greenhouses. and Ru;alResLdences A Pr elzm-

znary Report . ‘ i

The paper explauns the: problems and potentlal of utllrzr,ng an 1ndependent solar pond
- for heatmg applrcatlons : S . :

. s
- . : .
M . : g,

k4

v‘. .

. - ‘/ i : Z‘E;The' solar pond is heated by fSolar radiation passing through the salt

. - S “a . - gt
oh i - - . ; - - AF AN

3

v g CTTETTTIS6. . B



LY AR

- B the pond with an opaque plastic_ frlm

K' - ,dens Longmont ‘Colorado, are evaluated Alternate schemes and con-

I . LW

. water to the black liner holdmg the liquid. As the black lmer tempera-
ture increases, heat is transferred to the.20: ;percent brine in ‘the'bottom

half of the pond. The heated 20 p&rcént ‘biine rises no higher than the -, -

bottom,layer of the gradient, “and cooler 20 percent brine moves down :

of to replace it. The upper non-convective region is nearly transparent to -
I ' 1ncom1ng ultraviolet and visible radiation, and nearly opaque to incom-
f ing infrared and outgoing long-wave re-radratlon One meter 39.5
Lo inches) of non-convective water is a godd 1nsu1ator with a conductrvrty

f : equrvalent to approximately 6 cm (2.36 1nches) of styrofoam. Srnce
f " the walls are also 1nsulafed losses are reduced srgmﬁcantly

l‘ - . ) .." 5

A major advantage of the solar pond is that both summer and wmter

radiation’ ,can be collected and stored for later use. After a full sum- -

mer’s radiation, tlte,pond temperature throughout the bottom half
“+  should approach botling. Tlie OARDC pond will be limited to 80°.C

. ) (lS’OOF) however, to maintain liner stability. This upper temperatureg S e

limit will be controlled with discharge heat excharigers or by covermg
i

Lt

Magazme, September 1976 page 58. o A AR R

e o An 1nformatrve non-technical drscussmn of the aesthetic, economic and utilitarian

Grexg Stone Gr eenhouse Covermgs The Clzozce is Yours, Qrgamc Gardemng and "Farming

- factors\mvolved in ehoosmg the cléar covering for your greenhouse Good overall’ presenta- B

tion of the multrtude of optrons avarla‘ble .
1 . . s}

. Lo s
3., .

*IW Whrte -et. al. The Pennsylvanra State Umversrty Energy Conservatzon S\/stems for‘

. 2

G;eenhouses R } . : .

Iestlng and evaluation of thermal blankets and the problems mvolved in mstallatroq 3

]

5arrd mamte‘nance are discussed in this paper. Also some “srgnlfrcant generahzatlons con- ’_

icerning the- use of phase change solutron such as. salt hydrates and aqueous eutéctrc are-

ivpresented The Penn State research concluded that *...the utlhzatron of conventronally— -~

- . -‘constructed lapped glass greenhouses- as solar collectors does-tiot’ show potentral in Central
-Pennsylvama between November 15 and February 157 (If*this seems to be in contradrc-

Yy tjom to the D.R. Price paper on New York greenhouses as collectors you Il have to check -

out the parameters for yourse.lf to decide. ) The paper also 1ncludes mterestmg sectrons on
utrlrzmg stagnatron in greenhouses and a self-fogging roof. ) o o :

’

¥

‘< Cy ] . . B ‘ . - "
) (

*James B. Wregand Presrdent Solar Energy Research Corporat1on Granite Burldrng, 1228
15th Street, Denver .Colorado 80202 Greenhouse Solar Heating: Techniques and Econo- :
mics. ¢ , o -

w . ' : £y T v c
' . . . .

“The modes of operatron and performance testrng don‘e at Solar Gar-

e .



1

-

.figurations. of solar heatlng m' greenhouse structures are dlscussed and.v;;,
a cashflow analysrs for a trial project is exhlblted Products useful in
greenhouse solar heating, including controls available now “and collec-

tor and heat storage systems available soons are discussed brlefly Prae-
tical considerations in adaptmg ex1st1ng greenhouse structures to solar .
‘heat are discussed.” o -

. @ T t ,: ' v . . . -

Mr, Wlegand provides some honest pros and cons for applymg solar technology to»
exrstrng buildings.-However, I’ m skeptmal about his 20 year cashﬂow analy51s ona solar° )
greenhouse .1 occasionally have 1o do those thrngs myself. \ S .
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