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INTRODUCHON

fyou are interested in deslg,mnga and bmldlng, a passive solar

greenhouse this manual should help. 1t is a how-to tech-
nical guide for do-it-yourselfers that emphasizes durable low-
cost censtruction techniques.

This Guide is not written for the novice builder. 1t should |

be treated as a supplement to existing literature on solar green-
" houses and standard construction practice. Details that show
how to mix concrete, build a stud wall or frame a door can

be found elsewhere: This Guide details more specific construc--

tion technigues that accommodate the energy-efficiency and
light transmission requirements of a passive solar greenhoyse.
The authors assume that the readers understand what is

“meant by a “solar” greenhouse Unlike a convenllonal green-

house, a solar greenhouse uses glass or some other glazing
primarily on the southérn exposure. Most other surfates —in-
cluding the other walls, foundation and even paf of the“roof —
are well-insulated to retain heat. Additionally, a solar green-
house must tontain heat-storing material —such as water in

barrels or.masonry — to store solar heat for nights and tloudy’

‘days. Heat hills for'a solar greenhouse are much less because
thermalstorage, along withrair-tight, énergy conserving tech-
niques greatly reduce the use of a backup heating system.
What's more, a solar greenhouse car be designed to supply
heat-to an attached bmlding—operating as a large solar col-

lector . .
The Guide is divide (l into four parts. Part | briefly reviews
&
A~ N

“wtion techniques for.foundations, framings, glazings, venting

1 A
the needs, uses and economics of building and ownjng a pas-
sive solar greenhouse. Part |1 outlines the preliminary planning
required in deciding the appropriate location, size and shape
of a solar greenhousé. Part Il discusses each component of
a greenhouse, reviewing alternatives and detailing construc-

A

systems, heat storage and various interior management parts
Part 1V, the Resource Directory, provides a national list of
solar greenhouse resource groups and individuals, a compila-
tion of greenhouse supplies and components {(referenced
throughout the text), and an annotated bibliography of green-
house references.

The Guide concentrates on low- cost building details that
minimize material costs and maximize tabor. Because the tar-
get audience is do-it-yourselfers, it is assumed that labor is
more available than money. Also, the alternative designs and
construction techniques sometimes differ from common
practice. In such cases, builders are urged to modify the recom-
mendations to satisfy their local conditions. ~

A solar greenhouse muast be designed to (omplement its
specific site as well as its builder’s. $kils and resources. By
presenting a number of alternatives, the Guide is intended to
promote the design and:construction of low-cost solar green-
houses that (omploment differing sites, building skills and
‘available resources. Pending feedback from readers and
builders, the Guide wn}.“ be updated with each new printing
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re you a homeowner hoping to reduce v our heating costs?

Would vou like to have a room in vour house where it is -

always warm and sunny? Are you a vegetable lover searching
- B te

for a source of yearround fresh produce? Are you a frustrated

gardener looking for a way to extend a short SUMmMer grow-

ing seasan? :
[tis important to ask yourself such questions, because you

must determine why you want to build a solar greenhouse -

and whether a greenhouse is the best way to help satisfy your
individual'needs. Seund decision making and early planning
can avoid false expectations. Building and maintaining a solar
greenhouse requires a commitment-=just ‘how great a com-
mitment depends on how the E,reenhouse 15 to be used. Time,
personal energy, and maney are three necessary resources,
and you must determine how much ot each yvou are able and
willing to spend

This- chapter s designed "to help vou decide if a solar
;,runh()uw is"apprapriate to your needs before you start
buitding First, we will discuss the main reasons tor building
a solar grunhuusv and the needs it can 1l Secondly, we
will present alternatives that can meet the same needs as a
solar greenhouse. (Often, a less expensive and less time
consuming alternative can be more suitable ) Finally, for those
who decide that a salar greenhouse is the right option, we will
review general management skills needed for greenhouse use
Far example, greenhouse gardening s somewhat ditfferent
than outdoor growing Likewise, a home-heating'system that
utilizes a solar gree snhouse requires a.good deal more atten-
tion thin wmpE\ d(i[li\tmgd thermostat

PHE SUANT LSl OF A SOLAR GREFNEOL S

.

While there are a number ot good reasons tohuld a solar
greephouse, the two most practical justitications are to pro-
Cicdis heat aned te grose tood attached to o heated burldimg, a
solar greenlouse an prows ide some heat on sanng days plus
alarge quantaty of fresh vegetables throughout the vear Thos
heatmy bills and tood costs can be reduced




v

Supplemental solar "ma canbe utamed when a-greenhouse

is attached to the living space of vour home, Often on suriny:

days, particularly ine the spring and rall, thg greenhouse will
collect:more heat than it can use immeg {iately or store for
later re[eaw This excess heat, along with humidity and oxygen
produced in the greenhouse, can be vented into the house via
an open door or window, or through a vent' A well-designed,
well:built attached solar greenhouse mayicut heat bills by
10 to 30 percent, depending on the size of the house and the
greenhou:
senerally will make the b
ing the winter. To be moxt useful thzs excess hmt must he
“vented into an “actve” part of the hausa‘ (e g the living room
-or kitchenj rather than to a storage room or. unused bed
Toom
A solar greenhouse also can be used to produce food. On
cold, sunny da
home. However a good deal of, heat is required inside the
~greenhouse.to SuppO{t a suttdble growing environment. More

‘heat storage is ‘placed inside tf\e greenhouse and-a back- up -

heating syster is usually required for the coldest nights and
cloudy days. [One convenient option is to reverse the vents
~and use house air to heat the greenlouse.) In any event,
the small amounts of enEfg\ used to keep a well- desu,ned
and built greenhouse Warm can pay fruitful leId(?J\dS
The nutritional benefits of fresh-grown produce are great.

Vegetables cin be raised to the peak of ripeness for immediate

Teating wheninutrient values are highest. Careful planning of
it you to enioy fresh vegetables during most
urther vouhave controt over the food growing
ur ereenhous 0u ¢ controlwhat if.any, chemi-

a sfalm armwme.m can eliminate
| Anadded benefitis the

Ting certain out-of-season vege-

h-priced Finally; if the green-
«ou-are prepared to

can besaved by
, %

growing seasons —a place to start seedlin

cas wellas othec factors, Thn oxygen and humidity‘

‘excess solar heat still can be vented intoa ..

Additionally, there are various other benefits of a solar
greenhouse. It provides an opportunity to extend outdoor
nSpring orto
bring in plants from the garden as winter approaches. A small
greenhouse can supply enoug,h seedlings forseveralgardens:
Infact,a small-“pin. money’>operation.is possible as starts or-
ornamental plants can be raised in the greenhouse for sale.
(For the more ambitious, a profitable small business is feasible,

“given the right economic conditions — see the.section on‘com- -

mercial greenhouses in Chapter 2 for more detdils.) And, dur-

ing the coldest winter months when growing activities are.

curtailed the greenhouse can be used solely as an air heater.
The oxygen and humidity generated in a greenhouse en-
vironment have health bene f|t> as well particularly in;areas
where the winter humidity tends to be low. What’s more, the
carbon dioxide generated by residents of the house is a beneflt
to greenhouse plants , .
Finally, a sun-space, or solarium, is a useful addltlon to
almost any home,-and a solar greenhou:e canbe used as
such—a place to sit in-the'sun, using the solar heat quite

" directly to warm your body. If you pattern vourliving habits.

A greephouse or.cold frames: Which suits your needs?
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FIGURE 1.1 0ld \x'irldoxvslused as cold frames™

4

: to spend a lot of tlme in the greenhouse/solanum the rest of
the house often can be set at a. cooler temperature, therebv

saving heat (rather like: suttlng by the frreplace) Of course, if

you are wealthy you need'no greater Justlflcatlon to build a

solar,greenhouse than:the attractive esthe?l’(:“S*ei.havmg a

: green -filled room ~adjacent to Vour llvmg space. .

%

o WHAT ARE THE ALTERNATIVES? .

Before a decision is made to build a greenhouse itis lmper-

~ative that each prospective bu1lder carefully examine alter- -

natives, some of which can’ often be less exbensive and

Zless troublethan a greenhouse. To reduce home heatlng bills;

« the best alternative toa solar greenhouse is ‘honie. weatherlza- ,

~_tion. The ‘money mvested m insulation, double-glazing v win-

be repard much more'quickly in fuel savi
spend for any- type of solar heatmg Then once your.house is

-the house will
s than will money

dows, caulklng and general tlghtenlngmp Q

well-insulated,-you ¢ould censider a srmple solar alr-heater

to supplement your'home’s heat. A properly sited, sized and
< installed solaf: air héater with no heat storage can supply up

‘ ’wronmental Action, an‘d others—see, Resource LlStJl _

“As for fresh food prodUctlon a fully Gtilized' outdoor garden

- is.a good option, Explore all possrbllme?of avallable arelen

pe

space.1f you live'ina C|ty, an empty lotona qui eet could

be used for-a community garden “Also-think about extend-
“ing-several months with col

es-or hot boxes: (Figures

-1.1,1.2,1.3). Planting creps, that éan tolerate cold weather also .

Resource List.) L 3 a
If you have a cool cellar s space or access fo a root cellar,

" vegetables such as cabbage carrots, ‘onions and other root: °

crops can'be grown in your summer garden and stored for

twinter use€-Many végetables preserve well, if stored: properly.

Whlle not qunte as nutritious as fresh- plcked produce, sfored !

”

i g S ¢ b 3 - 3

¥

7

. to15 percent of. your\ heating needs. (Plans for such a unit are ..
o f'avallable from the Domestlc Technology Institute; mptal En-

l-adds to the productivity of -outdoor gardens. (Designs for in-
“expensive cold frames include the Solar Survrval plans—see




, vegetables can be as nutrztzom as store-bought produce, and
much cheaper. : - ¢
Anather food production altecnative is to grow salad g,reensa
in-a planter box indoors in a cool room with “special
growing lights. Planters can be moved outside: when ' the
veather permits. Some people have satisfied all their winter ¢
salad needs this way. (A good book on the subject is Raise;
Vegetables, Fruits and Herbs Without A Garden, by Doc ancf
Katy Abraham, Countryside Books, 1974.) Seedlings can be
started under indoor lights as well for later-transfer to the
garden\Spmuts grown in jars in the kitchen, also can suppf\/
' part of fyour fresh vegetable n,eeds i '

? FIGURE 13 Solarpod it
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FIGURE 1.2 P v of cobd frames




Another possrbﬂity ista window- greenhouse (Frgure 1 4)

‘Enough space i5 usually available for small salad or herb!
. production or for starting seedlmgs A window- greenhouse
~may supply enough growing space for people intent an spend- ﬁ

ing just a little time gardening. (Refer to Windowsill Ecology

by William H. Jordan, Jr., Rodale Press. 1977:)

It.is important to determlne your.commitment to home food

: productlon It is a time-consuming, labor-intensive experience. |

You may find out that the alternatives to a solar greenhouse -
can provide sufficient food. productron opgortunrtres tom ‘et

~ your needs. In any case, you will findthat it is the garde

working in the greenhouse who greatly |nfluence5 food p

~duction:

-Of course, if you want a sunny, |ndoor Irvrng space where

‘iyouican also grow vegetables year-round and produce heat |
for'your house; a solar greenhouse is your best alternative :

But a solar greenhouse represents a substantial investment of -
money, materials-and time to build, maintain and operate lf ;
some of the alternatlves presented hej e possib,

, FOOD! PROD ic

FIGURE 1.4 Window sreenhouse

skills. The main difference ween greenhouse and orrtaoor

Ying-angl: successful ising-a-solar: greenhouse is:some-

';;what like belng a_parent! To remain healthy the living
“plantsin a greenhouse require constant attention. They have

to be watered, fertilized, weeded, thinned, transplanted, in-
spected-and. treated for-insect infestation and »dis'ease, har- |
vested and replanted. In all likelihood, if you are a success- .

~ ful outdoor gardener or if you are intent on learning about

hor&lculture you can become a successful’ greenhouse gar—f

dener. - e

Using*the’ greenhouse year:round as a tool for food pro—

duction” will require considerable greenhouse management
q g : gem

i

pardeningis contral over.the growing environment. Various g
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‘factors that are left to nature in an outdoor garden must be spaces, but the g’rowerlused to an expansive backyard.oran
. controlled carefully by the greenhouse operator. " ‘open lot must learn the mechanrcs of greenhouse plot plan-
First of all, the'greenhouse environment has to be ma|n- nlng :

£l

to heating, cool .i,_n.guavnd
_be avoided. Under hrgh temperatures

b

."are stressed and be(;ome susceptlble to dlsease insect in-
festatlon and mold. Ch

Carbon dioxide leve also must be maintained. ‘Carbon di-
oxide and sunlight are two primary ingredients in the photo-
-, synthetic process, and for best growth, plantsrequire a steady
~supply of both. In the arr-tlght environment:in a-well-built -
solar greenhouse, there is very little natural exchange of air
~to replenish carbon dioxide levels. Alth h less of a problem ...
Mdunng the summerwhenvents ait do re left open,: natural
air-flows are restricted greatly during colder weather, to con-
_serve heat. Thus, the greenhouse user must ensure that some
4vent|lat1ng takes placeto replenish carbon dioxide supplres

There ‘are other. dlfferences between: greenhouse and out 5
' Adomgardenrng It never rains.indoors, eliminating the |uxury .
ot natural waterrng Plants are entrrely d p,endent on the green-‘

outdoor temperatures pests thrive ‘and. propagat
“greenhouse: once established they are difficult to eliminate...
Using chemical ‘pest contrdls in an enclosed space often is -
~dangerous to human and plant life. Therefore, natural pre-,
dators should be introduced to the greenhouse by the operator.
Maintaining the'right pest/predato? balance can be dlffrcult
itisaskillusually acqurred through experience.

Ioe White uses every available space toraise herbs in his New .-
Hampsh/re greenhouse,

&

Also, it'is essential that the greenhouse grower be able to
__yse a very limited growing area.effectively. For- example;-
plants. must-be arranged so that.tall .-ones-never-shade.sig- : ~o -
- nificaptly low ones at crucial stages in their development. ST
The urban gardener may have some experience with limited
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EFFECTIVE USE OF

PLANTING
SPACE

~

CONTROL

COOLING AND AIR FLOW

TEMPERATURE .

HEATING AND
CONTROL

REPLENTSHMENT

= CARBON:DIOXIDE

“WATERING AND

o

WEED

'CONTRQL, -

{UMIDITY CONTROL.

* HESTAND

dlw

S

_"DISEASE CONTROL :

HARVESTING -

%

. GOOD VIBES

B

Xills

5

anagement tasks-and

TABLE 1.1 M




~transfer heat.

Tradluonal home heatlng systems are falrly automatlc,and
few tasks are required other than adjusting the thermostat
or-occasionally cleaning air filters, But a heating system utiliz-
ing.a solar greenhouse necessitates a greater degree of lnvolve~
ment on the owner's part, i
“Basically, the solar system dvp(\nds on the i movems 'nt of
air from the ;,roonhuuw into the house, and vice versa, to:

The user.must understand ‘how to mam{)ulate
air flows 56 that heat is furnished to the home when it is avail-

“able. Opening and (l()spm, vents connecting the greenhouses

_ w:l,h the living spac

5]

the greenhouse
should be opened.
cold hc)uw airwhich flows to the yeenhouqe throug,h the

*Jlower vents, thus forming a natural convection loop. (See .

are tho critical tasks, When air inside
is-heated by the morning sun, upper vents
Warm. air flows to the home, replacing.

Figure1.5.). Tho process. contindes until the sun sets. Then, '

all vents’ «,_(muld be closed, preventing cold greenhouse air
Imm movmp,\lo thuwarnﬂaouso o he process requires under-.
standing, and ll‘»t, s.must ensure th]t vonnng systems are worl\

lm, pmpmly » '

‘ g ¢ shutters ahso
fecuce heat Irm In the morping, WI en the curtains are opened;
- less sunshine will be needed to heat the inside of the green-
hmlw and less time "will be réquired before: solar heat can be
vuntwcl into the hdme. Likewise, if you use your. greenhouse
~ as asolarium: the space will he w
in the morning if glazmg msulatlon isimplace atnight,

~Thermal mass, *another key feature of a solar greenhouse, '

nlso must be considered. As a space heater for the home, an

- attached solar greenhouse functions beéstwhen the solar haat

is.vented directly to the living space. Very little of the heat

“energy should go into storage within the greenhouse. If too

much storage mass is'exposed to the' incoming solar radiation,
too much solar heat will be absorbed, thus leaving very little

warmet and can. be used earlier

n be used at night to.

- surplus heat for venting to the living space. Of course, if you're -
growing food in the greenhouse; adequate temperatures must’:

GLAZING o
L LETS, ;SUN e

W,

NATURAL A\R
CONVECTION LOOR S THERMAL
SN ATASS STORES

VENTS ALLOW HEAT i o
&/REM‘AT/ON o g

QES\DENGE

~ ; 5 v

FIGURE1 5 Natural convecuon Ioop

 GREENHOUWSE  + .} =

/ e :
be ma‘intamed at'all'times. Jﬂ/thlS case, the balance between
“ventifig heat into the home and Storlng heatin. the thermal™
mass$ becomes a bt more complex (More on ventilation and
proper thermal storage in Chapters 8 and 9, fespectlvely]

WHAT IS ‘lOUR COMMITMENT7

-
o g

o1

i

The pomt is not to make the tasks seem more. difficult than

they really are. Rather, you must understand that using a solar
greenhouse requires daily management and ongoing effort.

~Actual time commitments will vary accondlng to how the

greenhouse isused. .
For year-round food productlon an. average of oneﬁ,hour
per day (spllt between morning'and n4ght) is probably needéd

\



to Keepsa famrly srzed greenhouse o eratlng well. Season~

extendlng greenhouses do not require this work durin§ mid-
winter. On the other hand, if the greenhouse is used solely

solarium: openlng and shuttlng vehts may he your. onIy
tasks

"The basic operatlng tasks ha\f been- outhned brlefly I

the. requlred time commxth‘rents conform well to.your present
daily réutine {work and leisure), maintaining'a solar green-

~ house sheuld not be a problem. Conversely, if djustments‘
.inyour lifestyle will be néeded, you must determine the rela-. .

|

tive value of burldmg asolar greenhouse For example, if you
- travel quite a bit;-or if-you.and your famlly frequently leave
home on weekends the daily chores of using-a-solar green-
_house may be a burden Of course, ifno food ‘or plants are
growing; you can always keep the- greenhouse closed. Some’
‘tasks (e.g:, venting, watering, etc.) can be automated,

A solar greenhouse can be a useful addition'to your home.
- The main question is whefher you, as the owner and/or ‘builder,.
are prepared to use.it. o

; O -
4 .

Llnda Ne/son admiring her fresh beCCO/I knows that it taAes
time, money and a good deal of work to earn the henefits_from

SKILLS NEEDED TO BUILD
A SOLAR GREENHOUSE

Basrc drawmg hblhty, organlzatlonal know- how and
fairly simple construction craftsmanship are the skills
needed to design and build a solar greenhouse, Even with
minimal experience, you should be-able to handle .the:
entire process if you are prepared to learn what you don’t
know and get help from others when necessary,

You will need drawing skills to sketch your plans, par-
trcularly if plans are needed to obtain a building permit. .
Your.plans need not beexact, hirt should be accurate’
enough to estlmate matérials requwements Drawrngs
should include: & plot plan, showing the location and size
of the-greenhouse; a foundation plan, showing a/cross—
section through the foundation; and a floor plan, show-

her Wisconsin greenhouse -

ing the size and spams of- framlngand”rafters/—an(i all-

d wlndow openlngs If your drawmgs leave you.

de5|gn)
‘the‘desi
‘what ddesr't, N ,ﬁe how desrgn prob ,/

Managing.your time. efficiently: also is rmportant You
must recognizethat the organizatior of tasksisa critical -
factor in the overall success.of your project. For example,
dealing with shlppers and retailers on materials can be
confusing unless you are prepared for shipping delays,
prepayments etc. Likewise, working with professional or

olunteer help can be%frustr,atl.ng unless specific direc-




tions are. made clear. If you. nre"worl\'im, wil\ asgroup,

you must coordinate everyone’s time and always have

the neces%ary tools and matgrmls on hand; These johs
‘are not difficult if you plan ahoad and try to (onsldvr
every possible detajl. ‘

As for:.construction, (he nmmrtanl lhln}, is to 5t.1y \\f|t|1~
in your capabilities, Do what you can do well, and learn
what you don’t. If you are unfamiliar with basic building

technlques get some help from a good carpenter, prefor* .

ably one with solar groenhouse construction expesience.
The Resoutce List -of demgners and builders
includes many people and groups with greenhodse e\per—

iehce’ Locate someone in-your area, orwrite to the closest”|

contact and find out if they I\now of someone nearby.

1f-you,need -melp only with constriction, perhaps you
can get help from a ﬁlocql carpvnl(‘r who is mllm}, to

AYSE ‘A ¢ om e Ioum
ocl ,onrmte forms i

try som(‘(lmm n('w B

.allmf;ﬁ a wmforung,buu nn(l pou;mg tlw conc Tt ( onﬁ

crete Block” foundatlons are’ simpler? partu utarlye

surface-bonding mortar is used (one trade-name for thxs
“relatively new, glass-fiber reinforced martar is Block Bond;
“see the Resource List for information sources). Post and

railroad-tie foundations are even ea%;(' -

General woodworl\lm, elu]ls are ro“qmrod to mmw the

building Hi a fairly skilled ¢ Jllwnlur s wurl\nu, on your
greenholse, “there should: besno problem with framing, .
sheathinginsulating and=rooling. Howv\f X hml(hn;j ancl
Ainstalling glazing doors and:vents (|l.|! (l()n teak air. or
water takes a good bitof skill 1t5is very important 4o
buikl.energy efficieht structures as tight as possible, Pay.
attentionto Hetailssuch as corners where walls and roof
meet, weatherstripping ()r doors and yvents and connec-
tions of greenhouse wallsto foundations and to the mdin®
house Be sare that air can’t get through Caulk doubtful-
lookms, cracks. Good finish work i improves the appearance:
and durability-of .the greenhou»e Review the construcs
tion drawings detaitsin Part HT‘YHMPCIC{(‘ whethor vou
T

| millneed help .

IL nm ~he conver wnt m ha*w a: IquL one
\

b Ihv mm()rmm thmu in bml(im;, a Uue‘nhuuw your:
selfis to combine your own skills with profe ssl(mdl ad-

vide andrassistance whenever necessary Take your time

and don't underestimate the tasks involved *On the other
hand; 'doi't be lﬂtuhlddtt’d oy the avork. \ou miay km)w
)Jpro than \muhmk vou do’ :
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he\re are two primary economic. questrons regarding a
passW@ solar greenhouse: How much does it cost to build?
And, how miuch money can be saved through itsfuse? The first

-question usually can be answered before you start to bu|ld :

"Theianswer'to questlon two'ista bitmore ambiguous.

Your choices ambng a number of available:options will. dlc- :

-tate construction costs;Fach omponent from the founda-
“tion to the glazmg, reqmres a 'separate costing SEcmon n:
'‘mpsticases, though, the amount of money invested will be
,wbat you can afford. On the’ other hand, .money saved from

a greenhouse is a function of use, and is more difficult to

- project. The true value of the mvesgment is-diregtly.related

- to amowner’s personal commitment to- utlllze the greenhouse
efficiently. The payback economics of owmng a solar.green-

house “are based on specific cases rather than general for-
mulas. Each greenhouse generates .a different set.of figures
regarding construction costs, home energy savings.and food

_production, not to mention the unquantifiable esthetxc bene-
fits, such as promoting the gardenmg hobby, using renewable :

energy, or growing organlc food: Owner/buxlders must deter— ‘
mine. their .own set of economlcs estlmates and make deci>w.

signs accordingly.

i ~this chapter, we will glve some ‘basic gmdellnes to

. help ‘builders make sound decisions. on construction costs. ;

Additionally, guidelines W|II be set forth to help you determine -

- ah estimated payback on your investment. You should get

some idea of what to- expect from ‘your greenhouse .from
examples presented Kere.” Bug, "again, such an estimation is
conditional upon ‘actual use and no'standard model is uni-
versally valid. Be wise and carefully plan your investment. .
Find out, before you build, how much you will need to

" spend, amd determlne as best you-cart how much you willsave.
" The process can take time, but the planning wxll be well worth

- the effort, and may eliminate some unpleasant surprises.

o}

4

& . /




HGURH\G E)\PEF\SES A NECESSARY TASK’  most costly part of the prolect Burldlng the greenhouse your-"“”"”""
—elt-will 'keep costs to & minimum. However, ‘materials and

design ‘factors.also will welgh heavily in total expenses. Be
“resourceful —thrifty scavenging for recycled materails:can

reduce materials cost:considerably. For.example, obtalmn“
“unused storm windows from a neighbor’s garage may be your ‘
best bet for glazifig surfaces, and recycling wood from an old' g

building scheduled for demolition can be worthwhlle :

The first thing todo s flgure out-an overall estimate. Using
the sizing suggestions.presented in Chapter 4, you should be
able to estimate how.large your greenhouse must be to be’
useful. Then, using the Rough Cost Chart (Table 2.1), figure
out a total cost. [fthis cost is still within your budget, you
should proceed with a-more detailed estimate.

A tentative but relatively complete design is required. (Go

“through the design process in'Parts Il .and 111, and/orobtaina . Depending upon.your purchasrng decisions and desrg
set of plans—see the Resource List.) Start wuth a set of draw- constraints, construction costs per square foot of floor space
“ings that includes the foundation, framl gylazlng, wall and can range from almost nothing (owner-built using all recycled..
roof sheathing, and details such as vents, doors, and a fan. materials) to $30 (using union |abor “and all new, top quality
Drawmgs must be fairly accurate so that ‘you can list all re- materials). Attached greenhouses tend .to be Iess .expensive
quired materials. Then the costing process begins. : ' than freestanding ones since the common north ' wall already =
Investigate a variety 6f sources to find out how much each,_’ exists| Automatic features, such as thermostatrcally controlled: .
-item will cost. Be cautious and obtain more thap one estimate - . heating and venting systems, will increase costs. Using less. -
“for each item. Table 2.1 lists;four ranges of ‘greenhouse con- é‘xp\erswe materials to make ‘the greenhouse affordable is
“stru€tion costs. As you can see, costs will vary a greatdeal;i © an option, although replacement costs for less durable ma-
‘”dependlng on your building decisions. Labor can be the single teriv'als should be anhcnpated LT . ol
[ Gestsg et oo e e i e
* .| Greenhouse | Labor Materials Glazing\., ( eorl]en?iﬁ |- Foundation |.. ;
: x| .e. q) , : S »
LN « floorarea™ | . T N - P S N s RS Wt -
K i - . ' . N ' Polyethylene - 3 R
- Owner-built; . : : RN ' ) [ ;
CASE1 b $1_90 $3.00 no-labor expenses ! All Recycled v (a lighter weight . Manual o Railroad ties o
3 . - : : L plastic) . - .
) Good quality; ; g T T ) R
il ; ‘ R Ol built 5 - fiber-reinforced : S o e T R :
: . $3.00 - '$10.00 wner-built; All New , plastic - Manual "%} " . Concrete
S CA.SE %A Ao .no.labor expenses | . _ el - {outer:glazing); : xS i ! :
g e Y polyethylene 8
R : : [T inner.glazing : T
CASE 3 $7.00 — $14.00 Professional Same as Case 2 | "Same as Case 2 Saffie as'‘Case 2 Same.as Case 2
CASE 4 $15.00 — $30.00 Professional casez‘ -, | Highest quality  Auomatic | Case2
/ %l o . e Shomb glazing e R B :
TABLE 2.1 Rough cost e5t|mates for a . o B Cosls do not mclude plantmg beds, soil, lights, back -up healers, or othier items needed to use'in
medIMMdjolaf‘greenhouse . : greenhouse for lood production, :
- i *x 1979 prices sub]ecl m inflation — nole lhal bunldlng materlals prices tend 1o inflate faster than lhe
* “general rate of |nl|al|on , -




cycled materlals is apparent—the Iumber fortoncrete forms,
| NOTE: This manual is intended to help de5|gn and build |- thle stakes and some scrap wire were obtained for free, Use
.2 durable greenhouse that-can last-indefinitely with the cost sheet as a notebook, and list supplies next to éach-
proper maintenance. Where short-lifespan ‘materials— T item. When, you check costs, check and note delivery times' ,
\CL;]Ch a5 pI;\sUc gIaT]mg—aredsuggeSée? in subseqluent ~as well_ Don’t be left waiting for important materialswhen
apters, their installation is designed for easy replace- ~ you're ready for:construction, Glazing materials, for example,
"(‘e”tw'th longer-life materials. " can take weeks to arrive after ordéring’and prepayment.
ey e s A framing cost sheet should incltfde lumber (staridard grade ,
EXACT COSTING ' or better), nails'(all galvanlzed) of various'sizes, lag-bolts and ** =/

\ ' Prepare a separate cost sheet for'each major component . other hardware such as joist hangers.or angle braces,’and, if.
~ \Qf the greenhouse: foundation, framing, glazing, sheathing, ‘you don’t use pre- treated 5|I| Iumber copper napthahate pre-
nd details. Table:2.2 is asample ‘cost “sheet for founda- - . ,.SGFVBUVE F N -
_tions. Note the detajl in preparing the sheet— nothing is left = On the glazmg cost sheet agaln be sure tg: lnclude any.:
tothance memory or &7 that won't cost much” attitude, Costs *  hardware that goes with the type of. glazmgmyou willuse, such- -
\ mountﬂuxckly ~Labor is-excluded from the example If you™ ~ "as gasketed nails or stainless steel screws. For flber-relnforced‘
~don’ t\pWan to dlg the foundation'yourself, be sure to count  plastic glazing, silicone or some other caulking is needed: 1
excavatlon expenses. AJso m the example the value of re—., ,,Flashlng materlal aJso is. requnred Of course, don»-t-vforget ~~~~~~ F

Maierja[N., e wL;L»Q—uan,t,i—tyv~ —Cost Per Unit- &»Supphe. e Cost—|—— e
: *1 “Excavalion : ‘ ~ L ‘none (manual; self)- : s
2 Concrete - 735 cubic it. Bili's-Sand-and Gravel,f L 5 -
‘ . a gravel 30 cublc W By . g 1222 y :
el bosand +0.cubjic 1. $11.50/yd. " . 425 S
: C. cemenl : 5 hags b $4.95/bag R e e s Feid
3 Lumbér for concrete. forms - - as needed " none; scrap wood S
\ 4. Rental.of Cemenl Mlxer L 1 ‘dayv | . $10.59lday, U-Rental; inc.° ‘, ) 10.50¢
: 5 5..8'Anchor Bolts “ o L310 $.75.:Al's Hardware e 080
6.2 Styrofoam, ' 16each _  $10.50, Joe's Supplies . 16800 o -/
blue structural Joh A8 x2 sheels (two weeks delivery time) - ) s Sy
-7: Flashing for insulafion i s : e S s /.
ey B 8 Reinforcing bar. Ll
S s . : . : B e i JEE S
N L 9. Wire = i Vv asneeded” s Lo none, (scrap) A : [ T
: \‘\.\ 2| 510, Stakes c L as needed " none, {s¢rap) ! i ;
o N — - - - - ; 4
g , v ,‘ - . Toal | e
TABLE.2.2 Sample cost sheet for foundations': o : : y

s ; - T
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~the glazmg materlal for both the outer and inner surfaces rf
doubleglazing is.used. *

On the sheathing cost sheet, mclude mterlor and exterior

L sheathlng, insulation, polyethylene for va‘por barriers, rpof-
“ ing materials, flashmg, interior and exterlorprlmer and-paints,

exterior finish sheathing, “hardware, such as_finish nalls or-

—sheathing nails, and caulk , P
“As for’detarls—doors opening wmdows vents fans heaters

selectrical=

Cot }f) s o N

~.watering systems, “planting beds or benches plumbing and.
prepare a separate cost sheet for each. For doors °

lf time lags betweenrprlcmg and purchasmg cost mcrewsos

-must be anticipated. A ten percentgincrease for each: three

~months of delay is a safe projectiof. Check with suppliers
- on large items for anticipated cost increases. If you are build-
ing the greenhouse yourself, add.20 percent to the final. total
““to cover unforseen expenses.
After completlng this process, you should have:a pretty

“accurate idea of materials costs.’If you plan to hire a builder,

ooand-
ping, springs, openers or closers, screen and screen doors. For

~-wrrefor extensron cords and |f necessary, the cost of addmg

—-~house; yeu must. ‘include. the cost of gettrng power 1o the =
. greenhouse and wiring for fans and lights. Finally; for plumb-- . -~
= ing you may want.to include the cost.of installing-a hose spigot..

“inside the greenhouse If.a-more elaborate watering system is
" planned, be sure to consider all the necessary. hardware.

After-preparing detaHedcost sheets for each item;, you—
‘must calculate a comprehensive cost eStimate, Add u_peth,e :

vents: you=mustTinclude “hinges, Tatches, weatnerstrlp--

" tans and heaters.don’t forget mounting. hardware electrical.

you should-be-able to get-a ‘good:estimate on I‘ab,or costs-from:
~a local contractor based on your-drawings and cost sheets..

~ (Whenever possible, obtain a firm bid fpr the job.) Othercosts
: /that may result from your greenhouse addltlon are mcreasod

'Hotxst SAVE?

uch it Will cost to buuld
‘o determine whethor

HOW MUCH ¥l LL A G

‘ Once you have determmed\how )
- the greenhoue the oncal be\l slep

a greenhouse—food heat, sunspace, growing season extender,

“such an investment will be worthwhrle\Tt:( benefits of owning®,

property taxesand’ |nsur‘anc&\)rem|un 4 e N

>

.
~

1

2t

totals from each sheet. Bé positively sure that you have priced
everything, including todls you will need to buy or rent. For

example, brushes will-be needed to apply wood prenervatrve _

caylking guns are ‘required; and speCIal cutting tools-for

vsomeﬁﬂzmg materlals are essential’ Shlpplng cosfs.must

be cohsidered if certaln materlals are purcha%ed from far . -

away. i : : R

N

reflect the quanitities of materlal you ®ust buy and not the

quantitites you'intend to use: For example, if you plan to use

190 sq. ft. of glazing material and the materials comes in 200
. sq. ft rolls, yourcost.is for200isq. ft...—:

~experienced-builder, review your cost sheets and calculations.

1 Another factor to watch is quiantity. Be sure/that your costs

A final step is to’have an informed observer, prefer\"lrbly an.,‘_ k

You may eamty have overlooked somethrng Don’t be xap-{

Tetc.—were outllned i Chaptend-Unfort nately\ however,
there are no “/savings. sheets’” that can- deta&he approxrmate

~“dependent on. how well it is deslgned and burlt as'w
: _|t isused.” - :
\Below are our E\ampleq which serve to 1l|ustrat(\t e varl»
abl\, in- flgurlh&paybacl\ : : :
The jones fa
to. their 1800 sq
“tion,and an-add

‘\the greenhomé\for

home.. 1hey spend $2,000 on cons

managirng -the. nec\eﬁfary operatlons
w:thejr-heat bills: whrcl; were ‘$600 per year, have de
T approy mately 20 perce‘~ t—a savings of $120
"Durlng\t {me they ey tlmate a ﬁvmgs of nearly'$

\\’\

UC-:
nal $300 for gardening supplies, They use’
oth food produchon and heat, and enjoy,
With' the grcenhouse*l\::

\‘ ‘
savings -that-can_be obtamed from each specific use. The >
‘amount-of moneyyou willsave witha: greenhduse\ls entnrely“‘*r"

II as how-;

AU NN
Q builds a 250 sq. ft. 5reenhouso attaoiwe(\l'
t




v

in S /\r worth, N H. the Phoenix Nest Larth Arts Center spent

$1,200 for materials and 640 hours of labar to attach this pis:
: grvvnhml‘ to theirold farmhouse, T spter still burned:
ovewas putin moth-

BN

7» Va cortl o/ waod butthe backup oil
P [ 5]

llw mwnhm
The Smith fa -

1200 sq. o home for $1,600, Very. hittle
.1| nise ht‘(‘;lll

mmwly T0years
reenhouse on ther
food is grown in the
) \‘um)lt nental heat is its primary function.
s ‘.’l vc":(ihul(‘ to the front door. The

Anthe past, when-

~the furnace via the thermostatl. The Smiths save 30 percent
- on a $700 yearly. heat bill because ofithe greenhouse’s energy

_conserving fontureﬁ By saving $210 por year on fuel bl”\

P

i U

ever-the doorwas- np(-n(‘d llw ln(onnm, cold. air would start -

«T\hé'lohnson fami[\ )Uilds the.same:
thS\—”)

e (l m Hi‘llull‘»‘
l|)|~

. thm;M Fov aede
iy the enhouse by MH

the art

)unl l(.)r
the rising vosts of food-and fuel which would fead to-more
tavorable pavback calculations As fuel pri rise, a preen-
hmmm heat- pmducmg capabilities .increase -in.valye; like-
: as food costs g0 up, so does the value of-home fdod
production. What's more, tax credits are available for solar
sinstallations and solar greenhouses increase property vall

OnOmic

= forexample coult receive $1300 in state and:

federal tax credits 'on their $2:000 attached greenhousé.
w Meanwhile “theyincreased the resale value of their-home by

‘rapproximately-$1.500 Thys, their payback punod 05 rvduu‘d

considerably. Do L g

‘Some observers find it somewhat illogical to worry about

monetary.payback in the flrstp[ace Afterall, theysay, people

don’t caleulate the ayback economics before purchasmé, a
to[evmon washer or.hot water‘heator prers simply. assess

o | , “,»"’
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: wfactlons and make urchasnn fsuch values.
imilarly, the: decision to build a solar -greenhouse could

be based on'the value and utility of the projected benefits—,

- food, heat, ‘extended growing season—and not 6n how seon
“the investment will pay foritself. L :

“With a solar greenhouse, the return on your investment
isn’t based-solely on ihow much money, but also. on how
much time and effort you invest. A high-priced greenhouse
can reap few rewards if used improperly. On the other hand,
“a low-cost, owner-built greenhouse used to-its maximum ef—*f o
ficiency can pay for itself in a hurry. :

A MONEY-MAKING GREENHOUSE?

‘ CroWing vegetables, flowers and garden “starts’’ for
““profit can be a rewarding experietice, but.not without
the necessary effort, If you are mterested in the idea, the
“first thing you should do is conduct a market survey- You
~must find eut how much demand there is for the products
“—you-intend- to provide—A- list of potentlal customers
should include yourneighbors, small neighborhdod food
markets, .and local florists. Find out what people would.”
‘be looking for from-a local supplier such as yourse ind
. out what prices they would pay.-Ask for. suggestlons and
“..advice on.kinds of crops to raise, seedlings to start and
ffowers or ornamental plants to grow.
: Afterdetermining the demand, tusn your attentlm to
- supply: You must determine how much money_ and time
. will be required to meet the demand. The invéstment for
" seeds, soil, and other garden suppln 9h9_gld “matéh
closely your projec
- how-much your t h “The time factor will af--
fect 5|gmf1cantly the prlce of your goods. |f you are in-
tent on a full:fledged greenhouse business, your prices
+ should reflect your labor as well as product|on -costs. If
/you are starting the buslness primarily as.a hebby, you
“'may be seeking other satlsfactlons and Iabor casts could
be less, :
yeur primary pro1ect{ons look favorﬂa‘[e_mvestlg,ate
the proposition more thorouis ’hly and.analyze the various
management. concerns_(e.g,’ advertising, “distribution,
store hours, insurance, etc.). Determine all the variables

Mary Pea in Kingston, R. / makes use ofspace in her small,
attached greenhouse to produce enough seedl:hgs to supply
n7051 of her nelghbors w:thgarden startg)

and then think seriously about making the’investment. . | .
Remember trying to sell products in a market that does

not e\mt is very frustrating. - J
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It is not our intent to tell you exactly how to build your
. greenhouse Rather,we want to explain.the major design
S considerations ofaso greenhouse and toadvise you
© ' on thevarious construd{lon options. Your job is to des:gn
and builda solar greenhouse to fit your needs. Qur job
s to assist you in selecting good techniques and systems,
L 'astwell as to help you make sound design decisions,
~“Adetailed, final plan fora-greenhouse-is not provided,
““-because any single, comp/ete design has limited applica-
‘tions. A solar greenhouse is site specific., Thus, many es-

sential features of your greenhouse must be designed e

“with your SpECIfI site in mind, For example, theamounts

_of instilation, glazing and thermal storage will vary ac-

_cofding to where the greenhouse is located and its'in-
tendfechise., ‘Likewise, size and shapg,.types of materials

to use, bed grrangement, etc., depend upon available

“fesources and individual preferénces In addition, ‘your

- greenhouse should be a product of your personal in-
volvement and.choice rather than someone else’s ideas.

T By becommg lnvo/ved in a// aspects of the prolect from
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sub-systems. Likewise, ybu' will be in"a, better positionto”
maintain and operate your greenhouse efficiently.
No one has designed a “Model T solar.greenhouse

that is suitable for-every application. However, thereare .-

a number of. good designs (with plans and drawings)
available that may incorporate certain details and fea-
tures appropriate to certain climatic zones and specific
sites. If you need help putting together a design, obtain

a set of plans and/or get. help from an experienced solar
greenhouse designer. ‘Review the Resburce List in Part [V

—.and find out where to find'such plans and people.

“In Chapters 3 and 4, a number of préliminary design
questlons are addressed, What type of greenhouse best

satisfies your needs-atfached or freestanding? Do you

have a‘sujtable location fora greenhouse? Whatis a good

“sizeand ﬂwape? If you answer these questions thought-

fully, you will be ready fo-begin constructlon
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Chapter 3

I_D C A T I ON

J

'

he primary. deS|gn consnderatlon affectmg solar green-

houses is focation. No matter what size, shape or type of.

greenhouse you ‘intend to build, you myst have a: suitable
location. Of course; all desngn consxderatlons are ifiterrelated

and must’be complementary. But your location dec15|on will - .

51g.n.|.f.|.cantly affect.every other design factor. For €xam
~you may-choose a.site:that.is sloplng away: from-the: house
“ the southwest. Thus, the greenhouse may require a slightly
“sunken foundation, glazmg facing predominantly southwest

~ with some east- glazmg and raised-bedsin’ the TeaTWIthkSWEr' -~

beds infront:
A suitable location for a solar greenhouse depends upon

“many factors—most notably, sun access. A certain level of

solar radiation is required for a solar greenhouse to function

properly “Micro-climate " factors that will affect greenhouse

“-operation include site location, too;for example, windbreaks,

‘surrounding buildings, and slope of the land can be used to
shelter the greenhouse from harsh winter weather, Other loca-
tion considerations include safety, pollution; drainage, and

bulldmg codes. Consider every factor before you make a final
decision, Once built, a greenhouse hecomes a permanent.

feature of\your property and is dlfflcult and costlyto move.

SUN ACCESS

The primary site consideration is the avallablllty of-direct

- sunlight. You must understand the sun’s path to determine

““the suitability of your gréenhouse site. As shown i in Figure 3.1,

‘the “sun rises ‘in the ‘east,’ follows an arc through the
- southern sky, and sets in the ‘west. The sun travels a dif-

. ferént path in winter than in summer, and subsequently,

“house) at different angles durlng each season.

If 'youintend .to build an attached solar greenhouse it
must be constructed on the south side of the existing build-
ing: Any wéll-exposed wall area that faces from southeast will
have .adequate daily exposure to the sun and-a séuthern

) sky/However shading obstructions to the louth “will -affect
Your,, snte Nearby bmldmgs rtrees ‘and hills can block the

=/ "~, 4
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|- solar radiation falls on the earth’s surfaces (and on your green-- -




— -house- durlng wintes O v
~which:lose-their- leaves n;.wmter “can- partrally shade your%

: : R

‘southern sun’ and hmtt a greenhouse s effrcnency Y0u must be
sure there are as few obstructions as p055|b|e partlcularly
during winter months when maximum solar exposufe is critical.

objects south of youir site which do not cause shadirig prob-
, lems‘m summer may. completely or partially shade your greerv,
i-the -other hand, 'deciduous trees: - -

“greenhouse in summer but cause less shading during cold win=
ter months. Actually, summer shading (from demduous trees)

~can-be advantageous in some parts of the country by ré-
ducing the solar radiation passing through the glazing ‘and
thus moderating iinterior greenhouse temperatures Also,

|n5|gmf|cant at constructlon time could shade your green—
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house completely in years tocome. . -~ S e

rn 1209 east and west of true south

Todetermine your optimum greenhouse location, it is:wise. :
to.doa sitesurvey. First,~visually “inspect your proposed

3 | “site. ‘Monitor the site at different times of the day to deter-
The sun does not rise-as-high-in-the sky- during-winter--and-s -

mine-the-sun’s approximate-path and whether any shading
occurs. If this series of .inspections shows ‘a site that is .

..generally sunny, use the procedure outlined below to do a

more thorough site survey:

rThereare three ba5|c steps to conductlng a thorough 5|te

survey:™ ‘ ¢ . -

ne the drrectlon of true. south : ~
) You must determ%re the helght of the horlzon at true e

You must determln the helght of all obstructlons WIth
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You W|l| need certain tools and mustmnderstand certain

‘terms to conduct these three steps..First, a compass (Figure

3.2) and Chart A (Figure 3.3) are needed to.determine true

“south: Secondly,a ‘protractor with a plumb-bob (Figure 3.4 is
"needed to determine the helghts of the" horizon and sur-- "

" og

rounding abstructions such as trees. Third, a sun path‘chart for .

the latitude closest to the latitude of your site (Figure 3,5) is.

‘needed to show how the sun the horlzon and obstructlons in-

terrelate.

The sun- path chartshows the posxtlon of.the. sun in thé sky i

at any time of-day. on representative days of the year ‘Along
the bottom of the. chart (Figure 3.5) are azlmuth angles, which

are measures of/an ob]ect s. angu|ar posltlon on the horizontal

: ', are altitude’ angles which. are angular meastires of an object’s
posrtron relatrve to a honzontal ||ne of srght (Flgure 3. 7).

NOTE: In urban and suburban areas the use of a com-
pass to determine magretic north and south f may belun-
reliable.; Underground piping, reinforcipg steel u).buﬂdlng
and overhead and underground wires all senously affect
. compass rndlcatlons Even a jackknife in the‘operator’s .
. pocket can throw a compass off. Always, ‘double check
your compass indicator againsta local map ‘

v

_____ . }

TN NG R R N
An a'site s];LJ'rvey' you must plkthe altitu}i’e angle of tRe,
Thorizon (every 15° from true south) and all obstructlons onto
the sun-path chart. ~ e
In order to determrne the dlrectlon of truesouth, you can
“lise @ .compass and Chart A [Flgure3 3):Rirst:usingiyourcom:-;

ey r

sure there are not ferrous objects within the magnetic field of
s the compass needle (see note with Figure 3.2). Then, alter the
“compass reading the praper amount east or west at/your
location as indicated on.Chart:A. This drrectron is defined as
true north. True south, then, is dlrectly oppoxnle (1 80°) from
true north

\:{ :

™

\
. pass, you determine the direction of magneuc north: Make -

For ‘example, suppose you Irve in Boulcler (olorado lmd"

plan-to build a solar greenhousd .onto your home. Using your

compass, you determine the direction of magnetic north...
Looking at Chart A (Figure 3, 3), you find that the variation of;
" magnetic north from true north is approxrmately 149 west %

for your specific Iocatlon Thus true north is 14° west(clock-

TRUE NORTH 15 WEST OF

TRUE NORTH IS EAST GF
COMPASS READING o

COMPASS READING

FIGURE 3 2 Usm& a compass to flnd true north
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FIGURE 3.3 Chart A: Ma;,netlc vanatron from true north (aII
U.S: |ocat|on5) . A

s




/ Gt FIGURE 3.4 Using a protracton with
N o -t . K i B N . R
f f-l’é?%:’éfé*:ﬁﬂi . a plumb-bob to determine K . : e S
/ ﬁfﬁﬁa“;{fﬂf”m‘ altitude angle i
A G TS S A R S L D Sty
5 ‘ s . o
UYL LW hve oty :
i3 i) i . O N 5 " i
e s b rontal the st : o 5
shéld hang perpetdiogd ! L
e : 10 the e Grda 90% ang HORLE N T AL
E i R ST i " . : ™ Lo ANEL L AR A LT
. NSyt Thir by s e ke a0
A Nyl asmed Xl :
‘ ; e oy obsteac oo ot the oo K
& “ . : A .
4
Y 3 ; g G 7 3 LN ,, ) :

FIGURE

e Ao Azimuthangle r
‘vdc‘ )
»’E‘ L : e f
bt
R . -
§ <
' S :

A FIreDE

s U HERTICAL
ANCLE A"(’JI‘VA‘LE'D

e aet are e oy ' !
. ' { . [ .
, Azrawry  Awgess g ’
= ; T . .
N . . ~ . R - ; b " 4 ¥
FIGURE 3.5 Sun path chart Tor 40° north latitude : : .




t‘": R 2 ; -

wrse) of - the north reading ‘on your compass True south is
_ directly opposite (180°) from true north. On the sample sun- .
chart (Figure 3.8), point A, ls“-horlzontally true south of your
- proposed greenhouse locat|on . , :

The next step is to determxne the altltude angle of the hori-
.Z0on at true south: Align the protractor. (by-your eye)-to'the
top ©f the horizon and have.a friend read the angle indi-
cated by the plumb- bob, record. it-on the sun-pathgchart { (in Lt
tthe example, point B). Then using the compass {don't forget™
to'adjust for the deviation from true sogth] and the protrac-.
tor, plot the altitude angle of the honzomevery 15° ‘east;
and west of south (points B1 through B16).- - S~

However in the example a garage lies between 5° t and
* 80° west of true south, and thé horizon is not visible, Usi g\
your compass plot the approxrmate Iocatlon of your garage

——the ad1usted altitude angles “of the honzon glven the presence

- of the garage. Likewise, all other obstructions must be|plotted:
the spruce trees between 15° ‘and 45° F and bet@veen 702 W,
and 90° W; and the maple tree between 55° £ andX 95° t (which
should be plotted with a dotted line because-decidwous trees

.. _arept-as much of an obstructlon in wmter -when-they lose

their leaves). N

With the hOI’IZOﬂ and all structlons plottted on‘{he sample
chart (Figure :3; 8), compar itto- -Figure~3.5. Now, you can
. determine when and how much the sun will be obstructed.
The’period between 9:00 a.m. and 3:00 p.m. is most critical:’
[f this area is more than half obstructed during the months
“when you will be operating the greenhouse, you will not have
énough sun. At the site in the example (Figure 3.8), the green-
house would probably not have enough 'sun to function
properly from November 21 throughJanuary 21. Although it
would probably work fine the rest of the year, the proposed:
greenhouse should be moved (if possiblé) to receive more sun
“during the cold winter moniths, or you should plan on not* usmg
the greenhouse during these months.

- Generally, if the greenhouse faces within 15° of south the

)

- “true soUth is fairly acceptable. At 45° -east or west of true .

- warm the greenhouse earlier|in the morning. {t is important-

“inthe Blbllography)

loss of solar radiation is minimal, and anywhere within 30° of .

south, -though, 25 percent of the available solar energy will
neverbe collected, and is effectively [ost.” Facmg eastof:south
is more desirable than west of south, as the sun will begin to

“to get heat and light into-the reenhouseas"early as possible a
to replenlsh depleted heat storage and protect-against freez-
~By late afternoon solar radiation is less critical because

the thermal masses as wellas greenhouse plants and surfaces
“have beenwarmed throughout the day. Also,"prevailing winds
tend to come from tHe west, soitis best to have thatside par-
tlally protected Itis not wise, however, to-have asolid south- -
‘west wall - with a predommantly southeast-facing structure ' ;
because too.little Ilghtwrll enter the greenhpuse to support~ g
photosynthesrs ST T

In” Appendix A, there are sun- path. charts for 282.north
Iatrtude (NL), 32° NL, 36° NL, 44° NL, arid 48° NL' Choose
the one that is closest to your Iocat|on and conduct a thorough

Energy Book or Bennett’s Sun Angles for Desngn (referenced

T MlCRO CLIMATE EFFECTS ¢ |
Undoubtedly, regionial chmatlc characteristics, such as

~annual snow and rainfall, averagé cloud cover and average

seasonal temperatures, will influence. the design of your
‘greenhouse. ‘Also, as your site survey has shown, yeur site
Jatitude affects the amount of sunlight striking -your green-
“house location. In addition tothese factors.is a set of micro-
climate” effects which will have.a significant influence on
greenhouse desrgn and performance. The micro-climate is
the climate at'your site only. It varies, sometimes significantly,
from the climate at the nearest weather station or even the -
other side of the house. It is a function of the site’s proxitnity
and location with respect to certain physical, features: For
e%‘aﬁﬁ’ﬁle the mlcro chmate surroundrng your greenhouse

~
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relates to the surrounding buildings and natural vegetation, -
* the slope of the land, the presence ofilakes, oceans or other.

“water bodies: and any prevailing winds or windbreaks that

may exist, Some micro-climate effects can-be beneficial,
while others may pose problems. I determining the proper
greenhouse location, you must con5|der and compensate for
sucheffects,

Windbreaks canbe very. ad\/antageous The prevalllng win-

from the west through the northwest, Alsd, trees or buildings
5 the wn}dward side will lower the wind velocity reaching

~the greenhouse’s exposed._ surfaces Thus, a greenhouse that
- is sited just east to southeast of a wmdbreak and within the

wind shadow of that windbreak can be less costly-to heat:

32

‘ter.winds in most continental United Statestloca‘tlons come.”

&

mer winds tend ‘to

e

:a_location may appear to conflict with the need for protec-
‘tion against winter winds. However, the.dominant winter and
summer winds usually blow from different directions-Sum-
me ffom'a more southwesterly direc-:

tion. As a result, you ‘can locate your greerihouse to take
advantage of windbreaks in winter and wind channeling in

summer. Check with your nearest meteorologlcall office to "

determine the seasonal wind direction variations in your area.
For a quick visual check on wind directions at yqur site, attach
a five-foot piece of ribbon to an eight-foot pole sunk in the
ground. Several of these “indicators” will help ldentlfy calm

~and-windy spots at your proposed site.

Decreased winds will decrease cold air |nflltrat|on and reduce .

heat loss from the greenhouse. In-addition, airtemperatures

on the lee side of windbreaks are noticeably warmer than :
“temperatures in the full wind stream. If the grdenhouse is sited

properly.relative to-natural or “constructed iwindbreaks; its
winter heatlng load can be reduced significantly. .

" However, not all nearby-structires are suitable as wmd- :

“breaks: Placing your greenhouse near tall bmldlngs can be a
real hazard. Ifyou live inan yrban area; you may / havenoticed-

the increased wind intensities adjacent to tall buildings. The
taller the building, the more intense this wind effect seems
to be; The reason is that the upper sectipns of ‘a tatl building

“intersect aﬁd\spht up higher windstreams. Some of this wind
- rises up and over the building; some of itiis redirected around™

“the 5|des,‘and some of it is directed downward and then around

the sides near ground level. Ground level-winds in such loca-
tions are oftentwo and-a-half times greater than 'mainstream
winds, These: |ncreased wind? may cause, damage to-your

your greenhouse so that it is exposed -to summer winds to
assist in ventilation and help reduce excessive temperature
bulld-ups .i'n.lsi'dethe greenhouse during summermonths-Such,

~Channeling summer winds onto-your: greenhouse may
require too much effort; It:could entail such tasks as planting
trees or constructing buildings to the south of greenhouse
in such a conflguratlon that imainstream winds ‘are 1nter-
cepted, redirected and concentrated :onto the side. of your
greenhouse. Nevertheless, you should choose your greenhouse
site with some"understanding of where the summer winds arc
likely to be stronger—that'is,~already channeled by eX|st|ng
buildings, natural features, or.vegetation’” /

Attaching your greenhouse to the south side of an exnstln[, L

~building automatically places it in an improved microclimate.

~ “greenhouse and at the \4ery least, will increase your winter -
= heat néeds. ‘

On the other hand your greenhouse need not be protected”
:from all prevailing winds. tn fact, you mdy want to locate -

o

Due to solar exposure, south sides. of- bu|ld|ngs -are warmer
and usually less windy during the winter than other 5|des of--

the same buitding A similar effect is created-by placing your
greenhouse on’south-facing slopes. Here again, the winter

winds can'be lower. The major effect appears to be that the= i
ground surface is.more nearly perpendicularto'the sun’s rays

during the winter; therefore it absorbs more solar and Ky

radiation, thus raising its témperature. To see this effect, note

on wh|ch hillsides ‘thawing-occurs sooner in the sprmg and
freezing occurs late in the'fall. ;
Nearby buildings, fences, vegetation and natural features

such as'large rocks or sudden ground- elevation changés can .
, cause snow drifting in your proposed.greenhouse location. .-

This can'be a problem, particularly if your area is windy and" ~

‘receives a lot of snow. Try to avoid sites where the snow is

LA

knrown to drift.




LEGAL'NOTES

‘onductlng a thorough site survey an onsidering all the

other factors noted in this chapter, you've dedtided to'build an
- attached solar greenhoeuse onto the front of youg home. You've
just flmshed the foundation.when your neighb
“to inquire about your work. After explaining y
the neighbor becomes irate. He/she claims there is a

convenant in your 5ubd1v1510n pre\/entlng the constru

visual conformrty on thls block,” the nmghbor explams

Before you start construcnon a meetlng with your /oca/ bulld:ng
tor can be helpful, and in many places necessary (permits).

Suppose you live in a suburb outside a major city. After .

comes over -
r project,

33

important- for resale values 'Although you may object to
your neighbor’s lack of creativity on building:design, he/she
may have every legal right tostopyou: ‘

" Before you decide .where to locate your solar greenhouse

@t is importdnt that you understand all the accompanying
*legal-considérations: bmldmg codes, zoning regulations, land

use ‘controls, propery easements, insurance, ‘and even “sun-
space rights.” The major issue you will confront is uncertainty.

" The kinds of taws that affect construction generally are en-
forced by local governments, and no two local _governments

seemn to think alike. Consequently, there are no universal

guudellnes that apply. Every greenhouse must conform to exist-

ing loca] regulations. «
" The number of different bmldlng codes across the country

~is incredible. Even more striking |is ‘the diversity in levels of
~enforcement. Some governments thave stnngent laws and en-

force them with determination. i

Building codes generally set Stzandards for new constructlon“*
including, residential and commergial “structures, and  ad-,
ditions to existing structures. They.regulate such matters as
structural design (size and location, loads. and stress, founda-
tions, ext(/zrlor walls, flogr systems), fnre protection (fire-
proofing qf materials, chimneys and fuels, firewalls),"mechan-

electrlcal‘ wiring) and issuance of building permits.-
In moét municipalities, a building permit is required be-.

- fore conktruction. To obtain a permlt construction plans are

submlttgd to the local. burldmg inspector. who determines iif -

~they-melet existing regulatlons The degreé of detail required

for thesé plans may range frofm clear sketches to architectal

Cor englnTeerlng dFrawings. A burldrng permit usually costs very

little, although in’ some |ur|sd|ct|ons this fee is based on the
value_of the construction. Other permits also may be re-

quired for plumbing and electrical installations..

_If you need to obtain a building-permit, be prepared for

anvthlnd’ from.an. easy.ride-to difficult times. In all likeli-

hood, y!our local building “inspector will'be a positive in- |
fluence]on the construction process. Inspectors can pinpoint

¥

ical and electrical systems (heating equipment, plumbmg, \\
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Tcertaln problems with your prop@ed desrgn However, local ‘surance category for a greenhouse.’ Sola@ greenhouses havew' S

‘building officials sometimes lack the expertise to judge un- ~ been insured vanously as heating systems, attached but: un-
asual building structures, such as solar greenhouses If they ! inhabited space, and attached buildings, as well as green- -
are unfamiliar with the structural design; even though it is ° houses. Finally, if you plan to’insure, make sure your greens

good, your proposed gréenhouse plan may be rejected. Some-  house meets all*safety and burldlng codes. ‘If ‘it ;doesn’t,”

=

. setback requrrements (the minimum epen space that must be palities have passed laws that specifically protect sunspace,

~_for your solar greenhouse is. not:likely toy be_a.‘problem Your

tached greenhouse on the property. But proceed with® caution. . . Pollution and drainage cansiderations, .as” well as the
: Check wrth your insurance company before\starting to.build; * general’safety of your site, are three other important factors
to ensure .that the additional-structure will, be covered. /A~ in your location decisign.
- special rider to the policy may be necessar\y Some urban ~Poltution, atmospheric or otherwise, is a problem when

times merely the unfamiliar term “/solar gféenliouse’ generates —-your-insurance company :may have grounds to refuse your7

a code problem. Hence, it may be helpful to describe your cclaim, s s e T T e e e

planned greenhouse as a sunporch, thereby laying s some com- There is ane.other issue you must con5|der sun. nghts Sup- —

mon ground between the inspector and yourself \Also be-" - pose you have built your greenhouse\onto your home/and

fore you make any official inquiries, talk to someone.in your ~ have. enjoyed the benefits for two years. But then’ your

area who has had recent experience puttirigan addition onto~ . neighbor to the south happens to move away:- He sells his
a burldmg A good briefing from a well-informed nelghbor “*-home to an inconsiderate soul who demdes to, surround h|5
can be very valuable. In any event, don’t let the permit process

can be obtained to allow:it. where you have no legal right to unobstructed access to

yard with blue ‘spruce ‘trees " it's obv1ou5 that, sodner ‘or
~stop you. Even if a building code may, in fact, prohibit'your. - later, the trees Wlll shade your greenhouse completely. Can
greenhouse construction, a variance from“the code sometlmes you: stop « him? Not in. most areas of the United: States,

- Zoning laws also may affectyour location decision, These.  direct sunllght In some localities, however, zoning regulations. -«

regulations usually deal with such matters as: allowable uses ~ can: prevent the construction of multi -story :buildings, and
for the zoned area [resrdentlal; comimercial, industrial); build- * property easements can be obtained to restrict a neighbor’s
ing height (possibly a llmltatron for-a rooftop greenhouSe) - love for tall evergreen trees. Also, some states and munici-

Ieft between a structure and the property line); srde clea& rights forsolar users. But,‘again, no universal laws apply. Be-

maximum: lot coverage e Suche regulatlons generally are.more ., S’blV intérfere with your sunspace needs. Strike a de’rl in

“urigidly enforced in urban and suburban environments than  writing and notarized, to prevent them from maklng your
. inless populdted areas: Further, if you live in a subdivision or greenhouse obsolete. Perhaps you can work out a deal where-
. condominium development, examiné any. regulartloln (such as by you help plant your neighbor’s trees in exchange for his -

- restrictive covenants) imposed by the’ developer or,nelghbor— agreement to plant a variety of frees that will not grow so

hood residents. otall (and may provide a better wrndbreak]
-“Another legal consideration is |nsurance-Obta|nmg COVEIAZE e o e e o e e R T e

| © OTHER CONSIDERATIONS'

. current homeowner’s policy should coverian attached or de- .

dwellers may have trouble because, due to a |ack of precedﬁqt dust from nearby dift roads or soot from chimneys collects

“their insurance companies may have difficulty \‘mdmg an |n— on the greenhouse glazing. Unless washed off periodically,

‘fore you build, check with your, neighbors who could pos-
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such accumulatlon reduces the amounts ‘of solar and sky radi- ©.2) Falllng tree branches

“ation that,enter the greenhouse and contributes to the degra-  3) Rocks or'other objects thr wn by chrldren (or adults)
o dation of plastic glazmgs Likewise, exhaust fumes from pass- in a nearbystreet, park 0 p‘layground . .

ing traffic and general city air pollution can deteriorate the -4)-Rocks™ spun-up by tlres on nearby driveways or roads.
- quality of the air enterrng the greenhouse: Heavy metals {such " If the only s'tewfou can-find may be subject to such accidents
- as cadmium ‘and lead) can. build up in ‘the soil_and- be ab- . orva darllsm consider the use of unbreakable ‘plastics for
sorbed by the- plants No definitive studies have beén com- " 1f vandalism is a partlcular problem :in yolr
pleted to determine:the impact of heavy-metal contamlnatlon 1 nerghborhood you may want to.place your greenhouse on a
" on greenhouse produce However, the problem is.regarded as rooftop, porch or. some. other out-of-the-way ‘place. If the

sserious by“many greenhouse, hortlculturlsts an}i it -would vandals are young children, consider getting the |ocaIJ<|ds to
be wise-to-think twice before. burldlng a food- producrng “help build and/or operate the greenhouse- Thelr partlcrpatron
greenhouse near heavy automobrle traffic or heavy urban air:. " can help ehmlnate the cause of vandallsm

1 w1 .

pollution. - L B
~~Drainage consrderatlons genera“y, relate to the contour K Bob Corbelt's greenhouse in Bultte, Montana uses lhesolrd
of the land, the groundwater table, ‘and existing drainage - .concrete walls of a75-y8ar-old ore bin for thermal mass. The

i large mining.structure provrdes a unlque location for an attached
mechanlsms on adjacent buildings. Obvrously, you should . ‘.so/argreenhouse

avoid sites where water normally sits’on the.ground for some _—
timé after a rain. Hollows or slight.depressions’ should be
avoided, although sloped land is all right as long “as. the
s]ope is down and away from the greenhouse _ : e

PR when burldrng a.pit-or sunken greenhouse. Seepage or leak-
“age of water into the greenhouse contributes to'a damp en-
vironment that'should be avoided. However, a greenhouse.
floor built at about the same level as the surface of the earth
is not#llkely to cause any problems. =7
Also; watch where you place.your. greenhouse wrth respect
to the rain gutter down-spouts from the house roof or other
nearby burldlngs Be sure that rain runoff is directed away from
. "the-greenhouse~If you-are installing your greenhouse on a
- ‘roof er porch, do not block existing dramage holes or slopes
‘tHat tarry water off these areas. K '
. Finally, try to choose a greenhouse 5|te where there.is little -
likelihgod of structural damage due:to -accidents—falling
debris’or vandalism. The glazing, espéecially, should be pro-'
-+ tectgd. Some of the potential hazards to avoid:
' Falllng ice or packed snow from overhead tree branches
or roof sections, - :

o
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Chapter 4

ND SHAPE

e i \ ‘ o
‘z Do Y

sdlar g,reenhouse performange depends upon the inte-
A gration of all.design factors’ While location is probably.
the- mostimportant factor contnbutlm, toits overdil efficiency.
the typa, size and shape ofa greenhotise determine how well
it suits your needs. All factors must (*omplemunl all others.
*Your initial decision on location is! rolated directly. to your
~choice on what type greenhousé to hull(l Your decisions on:
lacation and.type will affect the size ancl shape of your green-
house, All factors depend upon your avmlahlv space. re-
sources.andintended use. )

Ly

TYPE =
There are several “types’ of: greenhousea mcludmg, at-
,,,,,, “tached." freestandmg rooftop, and pit greenhouses. «Each
type has its advantages and disadvantages. @ften, it is- more
economical to build an attached greenhouse. (Flgure 41 and
4.2) rather than a freestanding structure. Add-on greenhouses
are cheaper to construct, can provide heat (an\d msulatlon]
~and generally-are a better return for moderate lnvestments :

& intime, energy and: money since heat and food savmgs are

combined.
*Attached greenhouses are; cheaper because there is no
north wall to construct, and many times, the vents and access. .

———l——openings=windows and" Ware already in place.
[+ Also, excess heat and humid air collected in.the greenhouse

can be vented to the interior lwmg space. Meanwhile, there
is less heat loss fromethe adjacent living space ‘due to the
-greenhouse’s insulating effect] and lower heating costs for
_the greenhouse since its-northwall is- already-heated-and in--
“sulated. Another advantage of ‘an attached greenhouse.is'the
Jeasy-and direct.access from the house, whic¢h encourages
greater winter use: Direct access from'the*warm house’in-
stead of an outsidedoor alsQ protects ‘plants from shock
caused by exposure to cold winfet air. /

On the other hand, in |n5tches where an attached green-
house 'is not feasible, a freestandmg greenhouse is an excel-
Slént optlon You may warit a I‘irger greenhouse than can be
accommodated on the south!wall of your house, of there
may e\|st some Iegal issues (flre or buxldmg codes) that re-
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FIGURE 4.2 /\tmched\\:'pit” greenhouse
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qurre separ,gte structures Whatever the® eason, be it aesthe-
tic, architectural, practrcal or just plam personal; a. free-
sstanding greenhouse can be built:to function effrcrently
An attached or freestandmg solar greenho\use can be par-
“tially sunk-into the ground in the manner of a “pit” green-
“.’house to tdke advantage’ of the insulation effect of soil (Figure
4.2); oriit. can be built-dowrn a south-facing slope. in order to |
_capitalize on the improved mrcroclrmate effects and better,
exposure of the soil or floor-area to thewvinter sun. South-
facing porches also can be converted into solar greenhouse'~
“space(Figure 4.3), :
If none of these options are available toyou, a solar green-
i “House could be built on flat roofareas provided that theroof =
. structure will support the extra Ioad of the greenhouses, soil .
~and people(Flg,urc 4 4), - ~ : '

‘x i

Determlnmg the r|r,ht shape of a solar r,reenhouse mma ly,

Cwill necessr;ate your most-critical design decisions, Primary
functions of asolar greenhouse are-to capture heat; to provide

a warm, protected environment for plant life; and to allow

r suffrment penetration of light energy to stimulate plant glowth. " -
But, often, these considerations come into conflict whende- -
signing greenhouses especially insevere winter climates. .

The amount of light, and thus heat, available from brrght\

direct sunlight'is about 10 times that avarlabxjeafrom an over
cast sky—so it makes.sense to
sunlight'in areas where there-al
winter days’ and-thus direct wmter suq But glazmg orrented
only. for direct sun\Qte\ndoes not admit: enough totalistn- =
lightt for photosynthesis oiovercast days, or in the early hours ~ ~
of early summer days. Clearly the s$hape of a greenhouse
plays a major role in balancing heat collection and light pene-

‘ , tration. In.addition, shape is a consideration in a number-of ™~

, ..5.5,¢““"“ . ~ other respects—avarlable space,” aesthetrcs plantmg and

: ‘ worklng area needs, etc.
~We'll go through some of the major cons

L

FIGURE 4.3 Three. exampleé\ of ‘a,south- facnnr, porch converted
‘o a greenhouse: a.) using plastic g,lazmg panels, b using .
recycled wmdows c. )greenhouse extended from porch -

\\\\\\\\\




nrgducme sola_r ereenhouse be
presented th ough applies to structures used primarily as
. ‘heat prodiicers. Here, again, the important thing is to deter-
_mine how you mtend to use the greenhouse before you de-
Signit . .
Radlahon penclrahon for opllmum heat collcchon
\'T}n. VVIIIL\,I SUn.is !ﬂ‘v‘v’ n ”re 7ky S0 it
travel through more of the earth’s atmosphere to reach an
. Aoblect on the ground than does radiation in thé summer,; when

rﬂrln'\hnn n'm
SO ST AUon LNy

N
e Y

{he'sun'is more. chrcctly overhead. Thus, the strength of the

Lsun’s fays'is reduced in winter-and radlatron intensity at the

‘earth’s surfage s relatrvely weak, To capture.these weaker

rays cffectlvely, the greenhouse glazing must be installed at

an angle nearly perpendicular to the sunls rays during the

coldest months of the year, ‘especially if you are plannmg to

utilize the greenhouse during the winter "A’ perpendicular.
imum.solar. radlatron to pass’ through the“ )

~angle will Allow |
o glazrng without being reflected off,

“Of course, the sun travels across the wmter sky during the
day from southeast to southwest, so the fixed glazrng, will
hot always be "nearly” perpendic'ula'r" to the sun’s rays. We

also know that maximum solar intensity usually occurs at
- solar noon, when the sun is: hrg’hcqt in:the sky and directly
“to the south. Further, tlts(‘ sun’s highest position in the sky
changeﬁ daily, decreasing to its lowest on December 215t
\and rising toits hu,he;.t on June 21st. With:all these variables

you may well ask what the best angle of the south-facing

glazing-should be formaximum heat collection. :

Experimental observation: has shown, generally, that for
optimum radiation penetratron throughout most of the win-
“ter heating perlod the angle of the glazing should be the
site latitude plus 10 to 15 degrees. For example, if you live
at 40° north fatitide, and you plan to use the greenhouse
- during the winter," the south-facing glazing should be sloped

‘the greenhouse is not going to he used in winter; the angle
canbe 5% t010° less, or 45° to 50° in the example.
However that ang,le latitude plus 10 to 15 debrees (for

- A N
§ : ot

N

use the maln thrust of thIS o

"year round operatlon) is. not. 1bsofut‘e The: formula works

. clear winter days should increase the slope by 5

~ticularly northern locations abgve 45° latrtude and sites with

k §omewhere between 50 "and 55° from the horizontal. e

4

~ FIGURE 4.4 Rooftop greenhouse

Hile

well for areas receiving a hlgh propartiqn:of diffise radia-
tion to total radiation—that is, .cloudy areas ~such as the
New England states  and the PaCIfl( Northwest. But
climate and weather (ondltrons may indicate a-more favor-y, -
able angle. Areas which weceive a-high proportron ‘of very...
to 10 degrees
(latitude plus 15 to 25°). For many regions.in the:U.S -par-

open snow-cover to the south, g,laﬂng, slope can gguptover -
tical (that is, 90° from: horizontal). Snow tends to reflect the
sun’s rays onto the gldzing and.if-the glaung is mounted ver:
tically, a good part of the reflected radiation can enter the
greenhouse, adding both extra Jight and extra heat to:the
interior. Inclined: glazing surfaces less than 90° would tend to 7=
;deflect more of this smow:reflected: radiation off into the sky. -

(Check Chapter 7 for more glazing details)’ F»@

PN
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~heat and/
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‘ Radlatlon penetratron for ophmum llght Ievels
"Many of the considerations mentioned for heat collection
also apply to light entry intoithe greenhouse, because it is

light radiation.which strikes interiorsurfates and’is converted;
to heat. However, while theat generation i$'a major consider-}

ation during the colder months optimum light penetration is
a consideration year-round to promote the’ photosynthesrs

“necessary for good plant growth. In fact, light (rather than

heat) is often the Ilmrtmg factor for greenhouse plant growth
particularly in areas with cloifdy winters.

The sun'is higher in the sky'during Idte spring and 5ummer7‘ ‘

Thus, a steeply sloping, ‘south- gla/ed surface designed to:

accommodate the.low winter sun may not permit adequate ©

light penetration to the back of jthe ‘greenhouse during late
spring and summer, or durmg overcast periods when diffuse

lightcomes fairly-uniformly from the whole sky. On the other :
“hand, if the south glazing were mounted less steeply, say

around 25 to 40 degrees- from/horizontal, ‘the-summer sun -

could reach back ‘into the greénhouse quite some distance

before shading occured, and entry of diffuse light would be *

adequate. But this angle would be at odds with direct win-

ter sunhght and accompanylng Ikght and heat needs,:

A compromise design.
One solution to this dilemma, for r,roenhouses desrywed for

slopmg 5
“kneewall,”

to 45° from.thethorizontal). This less steep, upper glazed sec-

_tion would_still permit snow to slide off (with help if the
“.angle istbelow 30°) and aHow better penetration of both dif-:
fuse radiation on cloudy d

days and direct summer sun. The
steeper, lower glazed section would allow good entry of direct
and snow-reflected winter sunlight. (If you do not pfan to grow

ood production, is tolbuild a structure with two-- .
ouch glazed surfaces. The lower section, called. a
should be a steep-angle or vertical glazed wall .

(say: a 60° to 90° slope); the upper section, also glazed and- -
—qloplng, to the south would be at a less steep angle (say, 20°

~ailight and -y

;i
ﬂ_w,,_,_,,.p»»* o

40

0

T
section fqr the entlre wrnter removrng the |n5u|at|on for
spring, summer andfall operatlon )

Both smgle— and-double-sloping attached solar greenhouses

‘have their advantages and disadvantages. Ta provide good

head roon"k throughout a single-sloping structus®, the green-
house is going to have to be quite tall. But it is generally-a__
simpler stqucture to build and lends itself to growing crops
directly in the- ground. The doubles Sloping attached solar

g,reenhorﬁe can provide adequate head:foom for working in
raised becil at'the front of the greenhouse. Also, in hoavy :

snow areas, the less-steep roof section mustbe strong LﬂOU&h

to suppartithe expected snew load—=if :the slopo islessthan:

30° the'sfow may not slide off by itself (see Chaptcr 6,
glazing supportandroof constructionsections).

East andtWest Glazing: Another.way toincrgase Ilg,ht pene— r
tration foriphotosynthesis-is-to-glaze-the South ernhalf-of the

“ast and v&/est end walls, above the level rof the ‘planting’
~beds. The éntry of mcreased morning and -afternoon light for

photosynthesrs will “support better ‘plant ! growth.
‘morning sunlight is particularly beneficial té plants for both.
armth If tReigreenhouse is oriented southeast,

Sglaze a larEe portion of the saythwest-facing ‘end wall; if it’

“attached’ B

is oriented Quthwest E,Ia7\e most of the southeast walk
Solid.Portions of the Squth Roof. If you are building an =
eenhm\e in a-climate with long, hot summers,
insulate ‘a portion of the south-sloping roof ‘o
protect thel main house from overheatrmj in summer (unless
you intend to remove the glazing from the greenhouse in the
summer; >ee Chapter 7, double-glazed plastic:panels). The .
solid portron should be mde enough to shade the main house
wall durrng\the mid-portion of the day. For small (less than 10
feet in the Trth south dimension) =attached greenhouses with

you shoulc’

fairly shallojv roof pitches, the insulated section will be about
half of the roof, ‘gr three to four féef horizontally out from

: the house.

anvthmg, in the rear of your greenhouse in winter,-and you -~

live'in an area with much direct winter sun(many clear days),
you may chome to msulate the ehal[ow angled, upper: ulazed

i EN
»

I
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“In Figure 4.5 are some )ossible shapes for attachéd yeen»
houses: Th e\amples are%by no means .an inventory of all
powble schemes; but rathey a guide to'a few sensible ChOlCeS .
!
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e ! \ Cood for clear winters and for v L ; ‘
o] S ! -areas with hot summers, used .
| , | with low planters in froht.
; 1 A (Often known as the,Yanda-
e , N type greenhouse, since'it has’
e M - = been so well popularlzed by:
: the Solar Sustenance Team —
_i | ; and Bill Yanda). .
- | b Good for areas w:th cloudy winters and areas w:th w1nter
i . snow-cover south of the greenhouse. My need some type
\ : |~ of shading in areas with hot summers [the Anee\wall may
, | be shortened if used witha plt foundauon) y
. i ‘\ : i i . ¥
2 i ; % L !
. 400 ‘ / \i\ :
; Y : \ . i i
7 ; i ‘. \\ . . n' ~ ; - : i h : % o R e o \‘
N | : \ e e “+-Good forsouth-sloping sites- 1 X ‘ b
= ] \ orflatsites tocoverpartof 4 . N\ 0 i
N Vi .o Tsecond story of house. Large, h & \
o e .y ~steeply angled ypperglazing ey F 2\
, % \: can be good for heat.collec-: NG i
Good for areas with cloudy’ tion. May need some typeof | 1 \ ; Loy
\winiers and little.snow. Good: shading in areas with hot o N
I for combination with a pit- summers. =y K
typggfoundation or for planung 0 |
diréetlyinground. Maynedd ; ‘ 'J o T “ ' , I
,,,,,,,,,,,,, mmetypdof&hadmg inareds ) e T
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_The possible shapes for freestanding greenhouses are many. -~ © = X L B .
A few, of the many possibilities for different climaté regions RV . v :
“are Sketched in Figure 4.6'to give you an idea: of approaches : Y
to designing accordmg to chmate :

[ i e v 7‘ . ' o v

k kFlCURkE‘4.6' Pos§ible shapes for freestahding greenhouses .,‘]ff :

For cold wmters northern latitudes, ancl

" For cold winterk,.middle’U S latitutdes; For m dor wmle rs, <outhem LJ 5. lati-
Ciyearrround use: and year-round uso—(slmllar to the de: “tudes, and year- round: wuse. wh('r(- less,heat-
esteep north roof pitched to the highest 'sign popularizgd by Domestic Tech- s "‘;stomg,o is mpeded: 2
ummersun angle for maximum year- " ndlogy Institete — see resource ]|st for Tl edse 70°\norlh roof slope—Troof slopo .
round light reflection"onto plants; e plans and addbss):- steeper and northwall shorter if less space.
wertha/ norrh wall for slacl\/ng hear oo 045600 north roof slope; L needeﬂ for stacking heat storage;
storage; . e svertical north wa// for xlac/\mu hear ool an extend-down 1o grotnd,
040-60%5 /ope(lsouth roofgla/:ng i Cstorage; | e R R Iumnaune: back I\n(‘ewa// ifno storage
LT g
. off roof; '/)ar{ of end walls L,/J/(‘(/ sfron| I\nev\val/ as high as is lwe(/od for
*eend walls partmllyg/a/od for acl/] olight access to' beds in front;
mlnal/ng thé north wall), allowing for - o o, R x5! S ; : SEE SRS oe
more plantingarea in ground, butno heat . ' / : R »»‘ T T B REEE
/

svertical kneewall high enough to. accom- o450 s6uth roof gla ST s used, :
‘modate: p/ant:ng beds andsnow slidiing . . svertical /\no(‘wall / BT 820.40° south roof g a/mg
oradditional
“sThe Bracenstitule design comtinues S Temast of end walls g g lazed for d(/dlll()nd/
: north roof slope down to the ground( S . e 7“#” “
/storage against the north\{va/

L.
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Axis of orlentatlon,f '
A greenhouse in general should have |t5 major length.axis
running. in an east- west direction instead .of north-south. At

“to southwest is adeq

first glancé’ reasons
- following facts.In th
diffuse light radiatio
partlcularly in the w
capture more of this
large east and west

may not be so obvious, but cansider the«
ne northern hemisphere, both direct aad
n come, predominantly, from the south,

irter. Large southern exposures tend to,
radiation with less reflection Josses than *
exposures. Any exposure from southeast
date (see the site survey section); A. con-

“yentional greenhous ‘with the length axis northzséuth will

. allow for a more uniform distribution of light on- the plant

EA

e

e

“aninsulated house i

canopy‘\than will a similar structure with-the major axis-east-
west. However, an energy-conserving -greenhouse must mini-
mizeglazing,” especrdlly to the north. The effects of-poor |l{,hl
distribution are reduced by refldcting a considerable amount
of light radiation off ‘the interior of the north wall and b\ck

onto the gre nhous&
tation is adequate:”

. e L :
| - . SIZE e, -
The ophmum size
.on how it is_to be used. As a selarium, the structure needs
only. to be kig enodgh for the number of peop fe whe want
“to use it comfortably. As a heat producer the size will depend

on how much heat you would like to produce. Generally, for

south glazing on the greenhouse must approach 20:percent

. of the floor.area: of the main house.in.order for the solar:
heat tohave a not»rcc*able effect on heating fuel consumptions

“Some general gurclellneﬁ to helpsize.agreenhouse for food
producuon aretas follows: A [_,reenhouse can rexﬂsonably be

expected fo provide salad greens and some ‘cooking vogetables _

[duringspring-and Idte fall. During" sprmg,, summer and early.
fall, tomatoes and . cucumbers can beﬂr,rown in the green-
house as well (if your outdoor climate 4s not warm enough to
grow these in the g garden) During the dead of winter in northern

plants Thus, an east-west axis: bf'orlen— ‘

> of a solar greenhouse depends. greatly

v a moderate to cold climate, the area. of

Cllmates greenhou plants will noL &,row much due toshort

Vo

[
i
B
5
i
|

43, "

days Ylelds duringthis - perrod—rf you operate the green—
house at all =will be: much tower than for other'seasons, un-
less supplemental Irghtrng isused. :

About 40 sq. ft. of greenhouse growing area can produce

smost of one person’s, vegetable needs, given a reasonable
level of skill at growing’ Of course, at certain times there
will be miore food than ca\n be eaten, and at-other times, not
enough. Also, growing skills and technjgques vary greatly
Ge,nerally, though 40 sq. ft. per person®is a good starting -
point when sizing.your greenhouse for food production. How-
ever, about a third of the greenhouse floor.area is generally

*taken up with walkways and h“eat storage,thus, 60 sq. ft. of

r:’

@,

“greenhouse area is required per person for producing the
necessary vegetables A, greenhouse used for supplementing
vegetable supplies could be consqdcrably smaller, about half
this -area, or-30 sq.
rensonable sizefora mmlly of faurii in lhrs latter case.would
be a'total greenhouse area of 120 sq. 1t (about 80.s¢. ft
growing area). This could be an 8 X I
greenhouse. a practical minimum size is 4> 12

For freestandihg s cenhouses, though, ‘it is ;,um'mlly not
practical to build smalfe timn 107X 18", For anything smaller,
“the costs of (on\lrurllon are g,c'nvmlly*vvry- high for the
limited growing area obtained. In addition, the relatively larpe
surface “areas through “which heat
operating -expenses - high per square foot of growing area
unless the gr&qrhouse shell is qurte trght and well- msulated”

Plantmgand workrng space. S

Obtaining the maximum.amount of plantmg space at the

least costis the prime comlderatlon heré “First, you, have to
“decide whether you want to plantin rmsod beds oraf floor

level Raised beds offer (ortarn advanm;,es——less stopping.to

work on the plants and more hedl HlUFdL,L volume (either.in
the soil .of a deép hed, ‘or in un(lorhed storage. volumes)..
“However, both/the south E,la/mp, ((nd north insulated wall
“hawe to bL sl )ed appropriately to aLLOﬂ}Q]OdHl(‘ raised heds
and b Ninimize wasted interior floor ; spiice. A vertical knee-
wall on e 9outh s’rde can help.

In’' addltlon the cost of

of greenhouse area per person.. A

‘ of
5 or 10712 attached -

|oss can_occur. make -

<

v
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c@nstructlng and mamtammg, elevaled b\eds is. S[gnlflcantly 'r rnc’my parts of the country the main g,rowmg, errLas should

~greater than building Hoor level beds:
_,:0n the other:hand, plantmt, in soil at or- near floor fevel
-allows for better ‘use of Lhe floor area..Planting at a lower :

level’ enables plants to grow tallef throughéut the g,reenfjnouse
: .and allows growers to wark in WIde[ beds from the same path
_Way (since you can walk between plants). The disadvantages
" of flbor-level beds ate-that MBe used only mlnlmallly
* for heat storage; any cold airwill settle: automatlcally at the’
plant level: and, insulation. will be rfecessary alqng the foun- -

7| dation walls atleast to the dcplh of-the plantmg, bti‘ds Althaugh
armor it/

: ;the cxlra insulation- wnH keep the g,rowm;, space
does increase costs, VU,

Jfloordevel beds are Ll‘iC‘d ‘then lhc g,l.l/od soulh waH
begin its slope at-the! founddyow assuming snow mlv—u
a consideration, Likewjse, the Insulaiul north wall in

standing btructure can bo;,m its slope at lhu foundation. St v

optimal slopos allow the maximum amount of- mlm radiafion
Lo enter the’ g,reenhousq and feflect off the back wall. onto
the plant canopy. But steep, single 'Iopc\(l walls or roof 560
tions can lead to excessively tall gre snhauses and the associ
ated probloms of heal: accumulation near the p
- ~ls-sub5tant1ally glalod and subject to greater heat loss.

So, in practice, a knéewall is oftenused g g,lve the plants

room ‘to provide some heat storage \/olnme to. permit. the

opcratqr some. head room in'which to work; and, where | netes- !

sary in'snowy regions, to allow.a place fof.snow-to aCLumuIﬂte
when it slidet off the roof. Sunllanly, the back.or.north wall

|q,mua|7y Vertical [almosl |nvar|ab|y So in an attached green- -

house) for the first few feet and then$loped.toward: the south
“(ina frocwtandlm_, structune) al some optimal’ angle for h hi
reflection purpqsc\s The use of; vlovatorl‘hlanter beds,
crease the netessary height of the, vorlm»l knm‘walls on
: norlh and south sndcq :

“Floor Plan. - ;
There is.a minimam useful w1dth for a greenhouse This
“width usually relates to ‘the growmg area relative to the total
floor area of: the greenhouse For fa.mlly 5|zed

- 44 ‘.,.

#

e

é.

‘accupy 60 to 75 percent of the, floor area, The remainder will

be occupied by a walkway and some storage. (The mihimum

: ’useful width of a walkwag:is about 207). An eight: foot span

allaws.a 3-ft-wide planting area (about as far as an average
person can reach)in the front, a 2-ft. aisle in the middle and
a 3-ft.-wide bed in the rear. Thus,the minimumeusefyl width
of a soldr greenhouse is about elg,ht feet-A 12-ft. length thus

/'iwould allow 72 sq. ft. of growing area (two 30X beds)—

~a good ratio of grownng, area to total floor area.

F)

77 sq. tt
L = 759

SO )

sion, ,t}huu) \v(.)t,ll(i_be tQO r1n1g,l1 structural surlf’u € aTesy (‘ml%.

ect to heat loss) compared to thig floorarea inside, A proee

house can be elongated in the castwest ditgctiona faras your

siteand food-praduction needs dictate: Bill and Susan-Yan:

da’s book, " The Food ‘and Heat Producing Solar Greenhouse,
forthe bouth\\ est US and Ecotope’s SolarGreenhouse Gulde
for the-Northwest are useful references -on outlining floor
’ plans forsmall attathed greenhouses (sec Bibliography),
1f the north-south dimension is JAncreased’to 10-12 ,as ina
larger. attached or freestanding Lroonhouse ‘the growing bed
.all'parts'of the beds. Also, a flogr.plan should take advan-
tage of the exjsting building in every way possible, Examples

oL

~North’ Wal Sg)pe o ‘ : s

»e\wtlngﬁ bu1|d|ﬁg If the Building s upheated, ensure that-this
paint or other reflective surface - .

to allow sunllg,ht to reach the back of the

presented in Figured/7 p,w(%you someéideas on how to d(‘sn‘,n._\__
“iyourfloor plan SR 8 .

Qn. ap attached g_,roonhons(* thc north wall is of very little
“contern, since itwill-likely:be the vertical south wall 6f an .-

-

conflguratk()n “would have tobe changed to allow access to . -

E’rth(ll wall'is well- msulated and then covor |t W|lh white -

-~ Ina freestandlpg greenhouse -the' north wall should be .
e‘nhomﬁe'a |n — properly slop
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beds (If you are \\/arrledéByn\%verheatlng problems in the
summer and would like 4T prpvide some shading, then con- =
sider some of the temporary shading systems outhned in

The proper slope of the ‘narth roof section is the angle of -
maximum_-solar elevation at your site latitude 'on-June 21.,

That angle is calculated by taking the complement of your

site latitude and adding 23°. (The camplement of your latitude

15902 minus latitude.) For example, if your\slte latitude is 402,

some pleasing way to the.existing building. “Major ‘achitec- ,
tural features —such as‘lines,.shapes, sizes, etc. —of thewexist-

" ing which match the house: on)the SO|Id po;tlons of the'green-

slope can-vary plus or mipus 82 with little effect oy green-
“house. performan%c Be sure.to paint the inside of the north. .
‘wall white or some other reflective color so that solar radia- - -
“tion® slrlkm;, itwill ho rotl(\ct(‘d down onto thu north side of 0.
_ th(‘ plant(anopy e S L _ “ :

the comp]cment (90‘? minus 409 is 509, Th\e\opllmum north
roof:slope: th(‘rofore is 509 p‘?ue.,23° or73%n prach(o this

Archllec[ural and Aeslhellc Con5|derahons - -
* The aesthetics of our environment are- lmportant, and a
solar ‘greenhouse should fit into its surroundxngs If you are .
considering an attached greenhduse, it should_,related in

ing building will have to be considered in‘the final shape and -
size of your ¢ attached greenhouse Use 5|d|ng paintiand roof-

_‘house to help integrate the two. structures, Freestanding -

g,reenhouses offer nioré Iatltude in shape coqmderah(?ns byt ~

]

o







CONSTRUCTIO/\/ cumpE.

i i
, Pnr! of lh/s Gundc was written to- holp you decide : mmntenance are.common problems resullum, from poor

_whether a sodar greenhouse would satisfy your needs (onstrucuon~prohlerm the. mforma(:on in lhls section
_and whethef you wou Id. make the necessary commit- 9hou Id help you-avoid. ,

{ ment to use it. Part | should help you determine < v dmportant d/fferences between so}ar greenhouse
- where fo locate the greenhouse arid what type, size construction and conventional construction techniques
and shape would'suit your needs best. Here'in Part 1], are reviewed and outlined. If you are unfamiliar with
the purpose is to provide specific information to help - _conventiohal construction techniques, please refer to '
you construct a greenhouse properly. : . one.of.the many good general construction texts avail-

Inc udedare deslgn detalls for each component part : ab e at your local library and/or seek ddwce froma

The goal is 1o ho/p you build a relatively low-cost,. dur— o o o :
_able, maintainable solar greenhouse. Design delmlq\can ‘ ‘
make the difference between success and failure. Water

-leaks, heat leaks, rotting, overheating and excessive
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FOUNDATI.NS
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prevent the structure from 5|nk|ng or-shifting in the ground;
~ahd tohold: |t down-so-that the wind doesn t'move’it or blow" .
“itover.. .
The.greenhouse builder must decide whether to.use a-con---
tinuous foundation or a post foundation Each-requires a dif-
ferent type of framing above the foundation an#l.each is suit-
able for varying conditions. Traditional house building/framing
techniques are.used with continuous foundations: Each stud
bears on the foundation and mbst of the roof's weight bears
on the walls Lighter franiing techniques are used with post
foundations: The framing is “hung”-on or between the posts:
and the weight of the wall and roof is transferrad to the posts
by beams.
Owner/builders -nore frcquontly use continuous foundaltons
“(rather-than-the post system) because standard carpentry prac-
tices . can *be used: The ‘post and -beam system, however,
has the advaptage of ;allowing lighter, thinner frammg——
therefore, allowing more light to enter the greenhouse. Many
commercial greenhouses, old.and new, use this lighter post
and beam construction. If the main purpose of vour green-
~house-is-plant preduction,yeou should seriausly consider this.
constructlon technique.In some localities, however, bLflldlng,
~codes may determine your foundation choice; Some city

Al

R ]

S 2 : = T : L

-enerally, greenhouses are fairly4ightiveight buildings,
and the primary functions of their foundations are to

codes require continuous foundation$ of a minimum depth,

In this chapter, four foundations (with. variations) are pre-
sented. Thesimportant details and uses fqr caehare outlined.

Actunl cogls are not spec ific ‘because foundation materials
Costs vary widely from plaw to place. Instead, some general =
cost.considerations_areincluded. Also, the details of Idylm, -
out foundations,- bmldmg forms and pouring concrete are
-not discussed, e\Lept where the suggested designs differ from -
normal construction. Many people have basic foundation
constructlon skills and there should be someone .in your
area who can help, In addition®.a referen,ce on the subject
and these skills—Ecotope’s A Solar Greenhouse Guide for
the Northwest has a good step- by-step explanatlon—ls C|ted
in the Resource Llst(Part 1V). S

-




A level squared foundahon \X/Jll make lt rnuch easrgr ‘t
bulld lhe greenhouse llow plenty of time to burlcl;

than is planned
4

l . INSULATING FOUNDATlONS
1 \In*order to cut_heat loss through the’ foundalron lels
“and the carth lnsulatlon is required, especially if yourln-

 tend to plant crops dlr(‘ctly in the ground (as opposed to.using
alq\ed beds). iy

]

the I\PSlde Neither procedure ‘is srgmflcantly more:’ wdifficult ;
than'the other. Qutside insulation must be protecte from

tion also must be protected from physical abme as well as from
- .condensation running down behind it. Unless you live in an
.~ extremely rainy climate, the inside of .the’ greenhouse will be ~
l wet (with condensatron) more often than the outside (from."
irain and snow). One advantage of outside insulation,is that
“the thermal mass of concrete or concrete block foundation *
o f can be used tajstore heat, even though the foundation mass.
: is generally alrelatrvely small portion of the ‘total “mass.
avallabl'e for helat storage. Though outside insulation is illus-
trated through u't most of thls_ chapter, erther method is
-, acceptable. |+ -

Moisture- remtant foanied styrene is a bood underground
Uinsulation material. (“Styrofoam,”” the brand name:for Dow
.,\\Chem_cal 5 foamed styrene, is a .common term and. will be
rusecl here.) Be ) Be sure the materialy you buyis suitable for under-

“color—white “bead-board” foamed styrene ‘will absorb asy
small -amount.“of “moisture and is ndt recommended
foundation insulation. - . : 2

The amount of insulation to use varies with. the climate;
In cold climates where the ground freezesgtwo inches of Styro-
form about two feet deep in the ground'is reasonable balance
‘between cost and benefit. Some builders, particularly in the

-
j -

~For low-cost h,reenlworrse‘

lid wall foundations can ) bé |nsulated on the outsrcle or f-

. /
exposure to’sun, rain and physical abuse, whileinside insula- /-

northern u. S elect’to- lnsu'late the foundatlon down to the ,

‘
Vi A .
S B

frost line. “In areas where the .air temperature: goes below
8

“freezing but the ground freezes seldom or not at all, one
gnch of Styrotoam about one foot deep is sufficient In areas
! where the.air temperature rarely. goes below freezing, insulat

ing the foundation -is probably nat worth the trouble and

“expense. There also is some debate whether insulation tinder

the greenhouse floor is-necessary.Although it cuts heat loss
by a small percentage there is quite a bit of work involved.

recommended. -

When instalting Styrofoam, remember tlmt itjs nota slru(‘- l
tural material. Backfill'around it gently and .word large rocks.
~ When installing it botween posts, be particuarly careful to"

backfill évenly —alternating from one side to the other. Above

~ground; support the Styrofoam with treatad- wood, old bricks
-or.some other solid material to-protect it from-damage. It
s generally easier to insulate the foundation before fram- -
ing the.greenhouse; so that you have earth to stand on |n-‘ :

~stead of a dug-away trench.

The insulation shQ_uld extend high nough to cover the isill
of the foundation to*avoid exposT the foundation ‘to the
cold. (The tap of the insulation cari be beveled [See F|gure

5.1A], or a beveled strip of wood can be used on top of the =

Styrofoam and under the flashing).. To.cuta clean"bevel’on the
insulation directly, set the blade of!a cirCular saw at the proper

e angle and push the saw along a strarghl board clampecl onto

the Styrofoam.

r }V
FLASHING PROTECTING THE EDGES

fleround use. Moisture-resistant Styrofoam USualTy is bluefm—— 4hefoundat|on should be built to extend 6" above ground _
level to keep the wood structure e away from moist-earth(and +

all the rot-producing organisms therein). Use pressure-treated
wood for-the framing sills or treat them with a copper-
based presérvative such as Cuprmol or- copper arsenate to
minimize problems. B

Where the siding or glazrng materlals dont overlap the

“foundatibn, and where eXtEI"I‘OLlnSUlatIOH is used, flashing is
needed to protect the insulation from moisture. Aluminum .

)
o
e

-l

lnsulatlon under: the floor:is not .
3




Carefully bent alummum
" flashing around corners helps
.protect the foundation insulation. .

f]ashmg is/ qunte easy to-work” wuth—even fa|r|y comple\

;angles are easy to bend-using the method outlined (see box)..

‘However, for largér structures where a lot of flashing ‘is
‘needed, you may want to have a sheet—met’xl shop do the work
for you=~it:is. more exponﬁsve but saves. time and offerﬁ a
clefiner finished appearance A :

henr ]oxnlng>flaslwlng pmcm to fotm a larger selectlon or

atf corners, 'use caulk to seal the joints. 1f two pieces don't
“operlap umformly a pop-rivels or sheetmetal screw with-a
ab of caulk will hold one to the other. The flashing.should
e nailed to the bottom plate bf the wall or glazing frammg,,
efote glazmg or sheathing is attached.

Flashmg must extend’ from the sill to the ground to pro-

tect the insulation. In the illustrations that follow (throughout .

\‘the Guide); flashing is extended vertically into, the ground-
While this method may:be the easiest way to protect insula-

tion, it subjects the metal flashing to cafrosion from the soil.

One altérnative is to terminate the fla-shlng with a drip edge
at the 50|I line. Another alternatlve 1s to terminate the flash-

yinyl: derylic coatings. The best bet may be rigid v1ny| sheet,

Notice how the flashing
_stops just below.the sill anda
nor-corroding material extends
below the se# fine:

ing infa dnp edge about three mches below the sill, and
use -a: ‘non corroding materlal from the drip edge to the:soil
line. 3 .

The latter. alternatlve is ‘more - approprlate if the vertical *

‘dImE‘nSlOﬂ between the soil line and the sifl would jnvolve a

great am‘mmt of flashing. Cement-asbestos board-is a non-
correding ‘material, but it is expensive, potentially hazardous

‘to handle, hard to cut, and requires predrilled nail holes ‘lt-

can, however, survive burial in the ground, Other options
include pressure-treated wood, stucco, trowel or brush coat-
ings like Portland cement with Jiquid latex added, or some

as supplied:for mobile home skirting or.in the form of vmyl

ssiding. Far easier to work with than cement-a as sbestos board,

vinyl sheet can be glued or nailed, and will'survive below |
ground level. Check with mobile home suppligrs or siding sub-
contractors for availability.

The important point to remember is that exterior |nsu|atxon
must somehow be protected from the sun, rodents and
mechamcal damage if it is to perform its function.




T()OL.L YOU WILL NEED: pencil,
BENDING STEPS:

1.
oAt should be available in e width you necd. For ex-
amplein Fipure S0A, there s eight inches of {1 nh
ing below ground, six‘inches above ground, plusitwo

straightedge,

SI(IIII\;, Therefore, the wid(h needed (87187
To LTI for length, use a utility knife and straightedgpe
(Fipure A). Use an old blade (a:new ene will dull quick-
ly) and watch those e dgesecut aluminum edges are
(|u|lu \sharp! (..unur.llly, eight-foot lengths will hend
.\lrlygumly : o -
3 Tobend - . ‘ ’
) M nl\ llw hend: lm('WIlll i ‘»ll‘lly,hll'rl)j(*(l e H]

b) Using a’dullknife and the straightedge, score Uy

Ilnhlnu.llnnp the bend ling, :
) C I.nnp ‘the flashing between o straipht' 2 = §and llu-
edhe ofia sturdy | .ll)lkul\( =clamps

. d) Align the edpe of the 2% 4and the bend line m.nl\ml

on e tl.\slnm, th‘(hu v(l;u- ol the table (Figure C);
tighten the C-olamps at hoth énds oF T2 54 v

¢) With a black of wood (about 127 long), |msh down
on the: aluminum.near the middleMhend ita little
ala lnnv swile hlm, fromeside to side. [tmay take
Sthree or fourpasses, back and forth, to make a 9o

bend 2With patience; thoughs a very heat, creased:

_fold can bhe made (Fi ipure D).

W|l|\i prac tice, (mnpl(‘\ lwntl& (Figure k) .llsn can
heaéhieved with llm method = - .

NOTE: Slart with the pieces of flmhlnwlhal woh't-show

L as much-1hin- gaugegalvanized flashing also ¢ an.
betbent this way, but aluminum is mueh easier,

strajuht

Rolls. of flashing can be purchased in vitious widths

C-clamps,

table,

utility knife

and lone-hall inehes needed at the slope of insalation .
and hnother twa inches to tuck the Il.lalun;, under lln- )

P O PPy MRS ¢
N SO AN o T AN,




POURED CONCRETE’ FOOTING AND FOUNDATION WALL

A poured concrete footmg and foundation wall) is extremely

strong ;and will support: ény type: greenhéﬁme rff""ﬁ/ﬁ%ﬁ}h{y '

+ " and resale vallieiare primary” consnderatlons for your green:

house (or. if buxldmg codes reqmrei usé-this type of- foundas=|:

tion. Remforcmg rod (“rebar) is -recommended for soils
where settllng or froet—hoavmg is a consideratign, A tonoot
depth foundation, shown in the illustration (Eigure 51A), i

[

sufficient for most areas where the carth ffeezes. A one- foot ]

depth is sufficient in froc7e free .areas, - The 5% th|ckness

' . accommodates a 2 X 6" sill to form a well-shaped structure.

The footing .is essential in unstable soils. Tn cases where the

soil is particularly stable and local codes permit it, the footing

can be omitted (Flgure 5.1B). (Concrete and Formwork, re-

-:ferenced iin.the Blbllography CIISCUGGP'S slte Built concrete
.y ‘forms mlxture‘s etc.)’ :

C()nslruclmn If the soil is stable onnu;,h to hold a nvally
.uvv(l (l(‘n(‘:h tlw continuous foundation without a footing
Sing the earth as the form (excepl, of course,
flrhe carth) A narrow lwm hing \h()vvl is
gdigging a neat trench, '

: -very asctu
Ypinndd”into the ehrth with Tong nails -before pouring the.
“concrete, Be sure that the Styrefoam is secure-so that it does

not float In the |l(]‘l|l(| concrete. . Also,smake sure there are.no.

\ unsupported areas’ of Hlyl(mmm whvw the concrete could.

‘ hu!gv and possibly hyeak it. 1l wood forms are used, m%ul.m(m

can be applied after the concrete has set.and dried.
Building the forms, installing reinforci ing'rods and posmon-

i ing anchor bolts are not discussed here, as these steps are

standard foundation practices. 5.« .

" A continuous foundation is the most o\ponsnvo way to ;bo

I you are_experienced.. thaugh, you should be able to keep

costs to.a minimum. Every eighteen running feet of 2" deep,

]

[nstilation should be wired:into position on tl\(' ft)rm or

M5 Y thick concrete foundation with footing willrequire. ong.

)

-
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cubicyard of concréte, Every.fwenty-one feet of the founda-
tion without footing, 5% thick, 2" in the ground and 6"

above ground, -requires one cubic vard of concrete. Besides

concrete and insulation, you also will need the rebar, wood

for forms, anchorbolts, and treated ssills. lelntj a bacl\hoe

to dig the trench is anothor expense to consider unless you.

gk
* e

Rccommcndatmn It A continuaus fm@danon is nur'ded

“for strengthoor to meel local building codes.-use it But, if

- you haye little experience with concrete foundations and you:

want to cut tosts, consider a rhff('r(-n( option. N
e v

| POURED CONCRETE FOOTING AND CONCRETE OR
| CINDER BLOCK WALL FOUNDATION

The a(lvantn;,c of ‘using concrete or cinder black (|nst(~a(l
of poured concrete) for the foundation wall is lower cost for
materials (although you should check ‘local prices before de-

ciding). Blocks are not as strong as poured concrete, but they -
are, certainly strong enough to »upport a g,reEnhouse if con=

structed proporly

Conslruclmn The concruto footing can be. pourod dlroctly L

into a trench-in'very. stable soils, or.can be poured in forms.

The .masonry skills required to build the*Bldck wall .can be -
mininvized by using surface- bondlm., cementi{one trade name. =
is Blpck Bond). /\flvr the first row of blocks is. leveled onto -

“the footm;n with mortar, the remainipg blocks are |0vu|c'(l in

the waIL)

'

Lo

FIGURE 5! 14B Concrete foundation wall without foolkmg-'—fo\r
use in very stable s0ils (shown with'insulation on tht |ns|de of

place without mortar; then, the surface-bonding cement is

“troweled on both sides of :the blocks. Follow. the instructions-

that comé with t'he matérial carefilly: bonding cement is:
quitereasy 0. use and -qujite strong.(See ‘Cdnstruction ‘with

Surface Bonding in Blbllography and check your local bulld-l

jmg supply outlet) L




% . N i [ oo s
“For addmonal support a vertlcal core of blockq ﬁhould be-
fllled with con‘crete every ‘four; feet, and at the corners. As
" shown in Figure 52A, a rebar should be set vertically in the
footing where each filled core will bg. The rod should run to
near the top of the filled core. Carefully planyour effort to”
- —setithe-barsin the wet concrete of the footing. Use anchar
boltdin the filled cores to hold the sill down.

“Bond hoam/b!ocks (Figure 5.2B) may-be used f or the 1ap.
course-of ‘blocks on large }.,I(_(‘HhOLIH(‘\ to add even -more,
strength to the fnundallon This (ypv of block farmys a tn‘)u;,h
into which concrete is poured, fonmn' a beam. The added
expense isworthwhile where extra strengthiis needed

Recommendation: A, h}ocl\ foundation wall is an excellent
n[(ornntxvv to poumd cohcrete, lf a continuous foundation is
needed-for ﬁ(rom,lll and blocks are cheaper than poured con-
crete inyour area, use it: But ifiyou fack the mmomy slulls
required, conmdurlho following optnons e T

P o-

POST FOUNIATIONS

Posl founclatlenf Combine strength W|th low cost. They are
‘not as- s‘(rom, as.continuous concrete foundatlons, but none-
"'lllcluss aresadequate-for-windy: areas and-.can-be quite
strong if constructed properly. One f'tho main considera-
Lions with post foundations is whether you are prepared 1o
ulilize post “and beam construction. Traditional stud- wall
framing, which is'used with (nn{immm foundations, is more
familiar, but don’ tbeintimated, l’ost and beam construction”
is nat |nh(\runlly more dlffuult only. different. (Moro o
framing in Chapter 6.) , : e

A variety of materials can be used as posts: ssmall tree\ 4x47
wood posts; -galvanized metal pipes; treated posts; or (}the

avallable materials, (Square posts are easier or than round onev B

terbuild onito.) " ; -

: A" primary comlderatron is~to protect wood posts from
. rotting. Waod posts (other than cedar) MUST be thoroughly)

treated-with a preservatr\/e, Wood can last up to 50 years in

54 ;‘"" -
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-the monsture content 'of ‘the SOIl Home treatment
adequate if-the, preservatlve is applied properly.sUse d copper-
napthanate or other copper-based preservative which is non-

toxic to plants. Don't use creosote or péntachlorophenol: Iheq’e‘_:
Apply | the preservative .

fcompounds are. toxic.to :plants..
thoroughly. and extenwvely to the part of the post that will
be in the ground and withineipht inches of the ground, Three

{ wood is”

arefully ‘Be carerul not to totich or breathe the. tumes of the
preservative. Where possible,: cut the wood before preserving

. itto ensure.a continuous, freated surface and toavoid breath-

or four coats are not too many. F owprodutt instructions .

6380(//' @A/NH‘A’-
‘34 ock

< oA//'//V{/M -

FIGURE 5.28 Alternate detail of a, bond beam )

NOTE: If the struclure is subjected to extreme strésses i.e. SEISmIC or humcane loads-a
bond beam should'be used and local codes consulted. A fully grouted and reint. bond
‘beam block forms the bond beam that tles the top course together with-the vertical cor-,
ner rem[ and allows the 1oundat|on lo acl as an mtegrated unit.

“
. .

ing pmsoned sawdust Rememher the preservatlve< work as
on: 4fa opt forr metal

posts they should be galvamzed to prohlhlt rust. -
Construction: Posts can be spaced one every four f(‘et and
embedded in two-foot-deep holes, or. they: can be spaced
every eight fewd md embedded in three-foot-deep holes. Eight-
foot spdcing s

i

e

practical maximum; wood posts spaced eight

feetapart should be at least faur inches square (or six inches

~in diameter, if-round).“ln

areaswhere frost:-heaving is pnssll)l(\ .

posts should- D\tend below, the ‘frost depth in the soil In-

terior support posts (H'g,uru 5.3)?()nly need-a concreto sup-
port-pad-about eight’ to ten inches square and-about eipht

)
J(a)

LGV AINIZLED  AETAL
%E ST T A
CSHALL  CONCRLETE IO~
B ST EQETH A5
: ( L CADISTURBED .
CNOER O,

imchies deep. Hopefully, the-ground iwill not freeze inside the

7




eonhouse /\t 5|te5 where two-foot cleep lnsulatlon is re-
qutred you cari dig a. trench two feet deep to atcommodate ~
the'msulahon ‘and dig post holos another foot clown whero :
each postwill be placed. :
The posl holes can be as smail as-eight mchos across lf
“your tsoul is firm’ vnom.,h and doesn’t slough back into the hale,

- A posthole (IIL,;,c'r or a hand or machmo auger, is useful: If
yoursoil won't hold an eight-inch diameter hole in which to
pour concrete around metal posts, round cardboard fornis
{available fro\n buiders’ mpplmrs) are useful. Backfill around
. the forlm boforo pourlnu lho Concrcte amﬁlng mrofully

- water and p(‘(‘l(‘d off. llw(oncceloﬁoods only proltud(‘throv
or four inches above ground. Slopo th(‘ top of the concrete
stightly so that water will run off. i

s Wodden: posts should be embedded in. tamped earth: and

not in‘goncrete, Some experiences with' wood in.concrete have
not.been good Tho wood can absorb some- moisture when

(‘\pand Whon lho con(‘rete dncs th(‘ post may thmk and

~ become loose, Two problems are created: instability and a

pla(o for.water to enter h(‘lwt‘on the concrete and the wood.

IA small (oofm;, of rock or six to eight m(hos of concrete
whonl(l be set in the bottorm of the hgle for the past to bear
, ()I’I These small conc rete footings shoyld be left to set-fora
dayortwo Before placing the post. Ay

- Use temporary bracing and.a long level or plumb bob to

e ose /tho postin straight. The temporary bracing must be strong..

en@ugh to hold lhe‘»po%t 5t|ll and 5tra|;:,ht |f,you bump mto
it (‘ igure.H s

by bunldmg,, brace several posts togethor to be su thét every-,
thing is stable ancl socure A crooked post can nge you. head~

o

!
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FIGURE 5.4 Method of placing a structural:post o o
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4 aches with the rest of the construction. T /
' Wood posts set in well-tamped earth are quite strong if in
talied properly. The techn-iﬁque_'c‘if tamping the earth firmly
around ‘the post s very‘impory't“a'nt..When the footing, past
and bracing are in place, backfill .two small shovelfulls of
“earth anditamp until the earth feels solid. Use a 22X 2" piece .
‘of wood or a narrow pole cut flat on the bottom fortamping —

a wider tamper will spread the force out too much; resulting
in uncompacted.earth and-an unstable post- Continue: this
process, placing small: amounts of earth dinto the hole and

tamping until the hole isfilled and ‘post is rigidly in place.
Do not throw wood scraps or ather ofganic material inta the
hole, since they will eventually rot and create voids which
could destablilize the post® i s

i ) ~ y o 3 " ; S

} ‘Insulation: In areas where two-foot-ﬁ\'ie@p insulation is te-

’ quired,kit'ige‘asi‘est to dig a continuotis bvo-foot trench, with

| deeper holes for the posts. A backhoe makes this task'much

| easier.if you can afford it Pbstsior concrete forms areiset,

i first, Styrofoam is installed mext, and- finally- the trench is ..
| backfilled. Backfill around the posts and insulation slightly ~ °
% _higher than the level of the earth; so that water will drain

~away from the foundation=Famp most forcefully around the

posts or forms, and more carefully around the Styrofeam.
Ac mentioned hefore- avoid large: rocks when backfilling,
around the Styrofoam, and fill each side equally-as you go.
up, to avoid bulging or breaking the foam. ' Lot

> "r‘ : ,/'
)
B ‘,

© A concrete foundationwall . o . ' -
provides heat storage in the . : !
greenhouse when (Styrofoam) . g
insulation is'placed on the
exterior side. ST {
. - ;
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T As lllUﬁtrated in Flgure 5. 5/\ a treated 2><4" is sufﬁcnent
for sp‘ms of four feet ot less, while” a 2%6":is needed for
larger: po»l spacing. The Sytrofoam is fastened to the back
side of the support board with a1x2” and &few galvam/od

L | = x\\\\ | ‘ ‘
ing are done Alternately the msulatlon can be mstalled as L
. the posts.are set. Howe;jer a good rule of thumb i is to finish

“the foundation structure before you do anything else, SLI(‘h ay
mslall insulation.or bm,m other constructlon

s (see Figure 5:5A) » . L :
J orone- (ool der’p msuln(l(m a smaH m'nch can b«' (lu;, for Pier Foundahon ' :
Vi /\ vmlallon on ‘the post: Ioundatlon s tho pl(‘l’ fotmd.l(lon
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{buuldmg supply dealérs)) The piers, generally used with 4. /
posts, are! usually poured in an eight-inch diameter cardboer
tube form, although an 8 X 8" square, home- built for

',"(Flgure % 6). It uses a poured concrete pier W|th a f,alvanne;d '
metal seat for the post. (Metal -seats, are- avarlable frojrh

tainly works as well. A pier foundation has the adv rntage] of

keepmg the wood out of the ground to avoid rottxng but/ its |

g

7

\

]
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FIGURE 5.58 Metal post foundation with hghtwelght kneewall
-glazing support e

dlsadvantage is bem;, less streng ag,a’n:t wmd More dla;:,onal
“bracing is required |{p the [,recnhouse with this type of foun-

dation, since the- ‘POSts are fairly e a«}uly bent where they conp

“nect tothe piers. Posts setiin the grpund avond this problem .
Foncrpte foeting, eight in- o
- Depth and insulation:

For unstablé soils, add a2 X 12
ches deep-under the pier (Figure 5/6). :

‘guidelines are the same as for cofmriuous poured concrete
) ! i
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owest cost foundatlons can be construcl@d

Recommendatlon Use a posl foundation if \'OU are pre-
“pared touse post and, beam constructlon You can lower your, o T
‘material costs considerably, not only for the foundation, but & ‘One of ST
“for the framing as well."Also, the lighter,”maore tramparent Cowhth used railroa ~ties Easy to install; railroad tie foun- i
constructlon with metal’ "posts and beams al[ows more sunlight dations. are most useful m\areas where it ‘is ‘not very windy; =
umto your. greenhouse ‘On the other hand, if you'want to use they -are very §ood for temporary structures. Railraod ties *
tradltlonal stud wall framlng, don‘tuse a post foundatlon m y last many years, dependmg on their condtt(on when you
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i,g,et lhom ‘and prowde a durzlbl -moxpenslv&alt@rn;mv
the greenhouse burder qukmg tokeep costs to a minimum.

Construction; A depth o{ one railroad tie lym;, on. its side -

can be Use

Lail

re frost-heaving is"nota problem,
~a|though a depth. of at, Iea‘it two ties is recommended. Two

“~courses.of tigs can be overlapped and spiked together Sloping
-sites may require more courses’ Dig the trench deep enough
sa that the top'tie is about| half-exposed above grounrj and
so that the insulation can bo installed on the outside.

:When selecting used hes,,bo careful not to chaase moist-
looking .ones—those ‘that Sll” contain 7 16t of, creosote:
Creosote is 1oxic ‘to plants ]f you plan to plant directly in
the ground (inside the p,l('('nl\()us(\) the ties must be covered
with-polyethylene to keep the crepsate from the plants, Line
the trench with- 4-mil |)o|y(‘t|\yl('no hefore placing the ties,
‘and wrap the polyethylene around them, stapling the open
*ends across the top so that lhg bo(tom pla(o of the wall wnH
hold the plastic down,

The railroad ties must be’ s(“(uu‘(l well, an stakes into
.lhe ground directly next to the ties (on the interior or both
sides), Tig,ure 5.7. The stakes can be metatl or sturdy, treated
wood /The 5tako§ should ‘be two.and one-half feet long in
: areas thh very Iow wmds and at least three feet and preTerably i

] L,lfsozi hould’

! /

()n(‘ h.llt m(h rlmm(‘lv : snll(l met nl slal\o usod Ior hol(lmu
“concrele Torms. in place-are p,()()(l A hey allmdy have-holes
drilledsin them foreasy Tastening to the ‘ties, Mutal fence:
posts gr scrap metal pipes also will work, but holes must be
drilled, Use two 16d or 20d Lnlv‘ml/ud nails per tie toanchor
them ta'the stakes. Additional 10 or 11 spikes can be used:
down through theties for moremttength Drilling holes in the
ties will make it much aasier to drive the spikes  (Note:
Pieces of reinforcing bar can be used instead of spikes.)
The bottom plate of the wall should Be-centered on'the
~top_railroadsties. Use a chalk line to mark the center line

'nato watcr buildup. Use a large chisel-and hammer, or a chain-
flashing, so don’t worry if it's

not to disturb the earth under the ties’

~ing ptemporary ;,reenhousn a railroad tie foundation may be

Hovt‘l tho oumd(‘ ednm Ot tho topTow or tlgs l() L‘|Hﬂl~

cor circular saw = the beveled ties will be cov: ('rvd wffh'
not perfect.
Clean out the trench to install the insulation, bmmD mrotul
ath\qH partially -at
first to hold the insulation in place, then install the flashing.
Then, backfill completely. i

Recommendatmn If.your budnet is tight Jnd you -are build-

exactly what you need, provided you get the ties at-a-reason-
ableicostinyourarea Butinareasawith a lot of frost heaving
ar-a ot of wind “econsider-another option ~Also, a ‘railroad
tie foundation is ndt recommended for permanent-structy

d(l'f()ﬂ(/ (ies are gettng expeisive—$ 10:00 apie o0 SOme
ces. But-check around: sometimes a hy il
field ‘can be obtained for the asking.
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o Chapter Slx.

FRAMING
CONSTRUCTION

(Glazing Supporf
Solld Walls, Roofs,

~ Flooys, and Dgor S)uﬂ

62 . .

GLAZING SUPPORT

T he glanng support system needs to: strlke abalance bo-

, tween adequate support for the glazing and maximum -
la:light penetration for solar heating and photosynthesis. The

old wood-and-glass greenhouses strike this balance fairly well.
~Solar greenhouse builders would do w)

for inshiration-as weH (See Chapter 7 for glazing'details of
old greenhauses), . .

Different glazing materials will span d|fferent wmlths |n,”

d»ffercnt installatiens. The following rules of thumb may be
used to size glazing rafters for-most snow and wind loads.
These rules assume the use of good
orlarge knots. ‘Also, the term Vsps
“‘gefined as the horizontal distance belween mﬂor supporrs
(Figure61).  ~ o

“ o Forspans upito eight feet, 2 x4/
aparf.or, as builders. say on 24" ce
u(ﬁtalled every four feet along the Yafter and at thé ‘ends:

support: thet we»,ght 0; R g,la'.,s A bajvanyzed,prpe orwooden
- post support ‘at. the ‘mitdpGint ofi2x 4 rafters also: mayﬂbe'
usédto ac@ommodate beavy g,lazmgs Galvahlzed pipe posts

W and Beams are :trong rot” reststant and do not block. much

hght Lighter framing can be used, provided.there are no
“structural defects in, the wood For example, old glass greer?P
- house glazing rafters (called “glazing bars’) arq only 1 i
2" and span- five'orsix feet on16” centers,
Forspans up to12 feet use 2 X 67 rafters on 247 Ccnter‘g‘“ag
o lise 2 X ds with support. at the center, For tempered or doublg
wlass use.2 X 6" members with-central:support, on centers as’
the glass, requjres. Also, -whenever usi rge glass pleccs
use; bJockmg, or Contmuous rafterﬂ@late the ends 01‘ each
glass section.. .
“For Iarger spans: o*m special cases, such as areas with
heavy snow.lq_&td-s or. eer.or

ell to review old solu-
“tions to their present problems— not only for solutlons but .

solid timber with no splits
J referred to below, is! -

For tempered glass of double'g,h?ed unifs; use 2.X6s on three-
fpot genters. {or centers that match the widths of the g g,lasaj tor

aftors ‘may be usod 24 ¢ |
ters. Hlocklm, should be

W

ohsuran englrieer or arcﬁt- - :
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- tect. Also, some blilding codes may require heavief framing

than the recommendatiohs above, so check with your.local

. ‘building inspector. In general, though, use the lightest, smali-
- estwood you can get away with for the glazing rafters: green-

“house plants will appreciate the-extra light.
- For vertical glazed sections=kneewalls and end walls—

2 AT framing support iswnecessary; 2X 3s or even 2 X 2s-are
~—adequate as long as the weight of the-roof is supported else-

B

where (as}with post foundations and beam supports forthe.
rafters), 2% 4s-areadequate for tempered or double.plass 1.
_the kneewall is supporting the roof rafters, use 2 X4s at the

same fréquency as the rafters; thatis, the end of each rafter.
will.be supported by a vertical2 X 4 directly underneath (see.
Figure 6.2)-This type of structural kneewall-is used with con-.

“tinuous foundations such as concrete, hlock wall or railroad

ties, and can beused with any type of glazing.
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“The structural kneewall l\hown with notched vertical sup-  tical kneewall 2% 4s, o?é continuous trigngular imember
por S flg,ure 6.3) is used primarily with ‘glass and.rabbeted - . let into-the vertical supports to carry the top: of lh(‘ km"‘
. " rafter arrangements as this 'makes the beettmf, work sim- . wall glazing (see.alternate technique, Figyre 6:3). ‘

: pler Trlangu/ar bfocklng is- uscd bctween the tWen Wlth the post foundations [Hburo 6. 4 or 6 ‘3) a (,Onbld(‘rably
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rafters aresupported by pipes (or other bea
ith post foundatlons the wholeknee-
wall IS comprlsed of Iong vents whlch open to glve remarkably

llghter frammg may be used for the kneewWong as the .
d

-the oldgr greenhouses

S

posts) On

e ; . L -
Q

good ve_ntllanon In such cases, the kneewall is

'the rafters Some support-is given the rafters'b
bottom plate of the rafter) whieh is held up by

not. supportlng '

é ‘the eave (or

osts: the rest

is given by pipe supports inside the greenhouse The hghter
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{ ight g,lnnm, quppo
ation .md mctal and ,'

u forcc‘d '

plasti

mothod of splicing ‘two homontal n cmberq to a

post)

or polyethylene E,lann;:, (F lg,Lfe 66 1l|u:Lra

X J

L

es:the.

ertical

For freestanding Ereenhouqoq with «loor plam larger than
8 X 12', ties across the rafters are recommended to hq*lp keep
“the roof from collapsing. The ‘ties can bp wooden or gal-

<vanized cable to lessen light obstruc ions. Fhe number and

-size of the ties.depend. on the config n;atlén and size of the
&,reenhouqe as well as snow and wind [dading conditions.

- C.enerally, though every other glaze/ g support rafter is t|ed

¢ el

; FIGURE 6.6, Me;hod ofﬁphcm;; tw
“With” h round metal po%t R

at nts mxdpomt to.the mldeInt of the rajter opposMe |t in the o

north roof, Variois materials'and methods can be employed
to execute these]connectioné A lapped tie, gusset tie or cable.
tie (Figures 6.7) are equally suited to the task. You should use

" whichever connection is easiest and most convenient.
<. Another factor.to’ consider here with.respect to glazing
supports is.night insulation. Mak

.sure your.glazing support
systern is compatible ‘with your glazmg insulation scheme.
Some interior |nsulat1ng blankets require a clear span all the

way across the glazing, so rafter ties, blockmg or support

pipes cannot bé in the way. }
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lommg raﬂers of atlached greenhousc to the housc
Where raftefs- or rafter ties join the house,- a.plate or
ledger (usually 2X 47 or 2X6") is lag-screwed into the studs
. ofthe house wall (see Figure 6.11); There are sevéral options
‘for:making this connection: On low pitches, a g,alvamzed
joist hanger can be-used (Figure 6.8A). - ,
On steeper m(cho‘i (hou;,h the notch in the bottom of.the
rafter may take too big 2 hite oul of the rafter, Angled
: al rafter hangers 4 ailable in some plages, Alternately,
, of Vi plywood can be nailed on the end of the
ml‘lvr before therafteris installed; the plywoad is then nailed
securely 1o the plate on the wall (Figure 6,8B). Be sure that

the plywood is exterior }.,hl(T(, ‘m(l thatthe. O(I;.,m are prlm(-rl

well-sealed and painted, e

Rot pr()lccll()n forp ;,l.unn;, support syslemﬁ ‘ :
‘A great.deal of 'watar, -in the form ol :condensation, will

collect on the inside surfdc(‘:s of the greenhouse glazing and;

‘the glazing-supports. The water, transpired by plants; co
“denses on the cold gl:mn& and support-sirfaces, and flows
down via the most convenient path. Water condensation is
somewhat less of a problem in attached greenhouses: For
at least part of the year, moist air in the greenhouse is vented

nust-be-takensto-build-all-surfac 'aththd .md

< builders need not worry about-chdanneling all the condensa-

-keeping this water from rotting the greenhouse surfaces.

—sloped.inwards slightly to shed water Plates should be bevelec

into the main house and replaced with drier house air, How-'
ever,;-such venting is not operational year ro.und Thus, care-

tion off to a single locations, but must be concerned about

The most important step is to eliminate all surfaces where:
water can build up. The top and bottom plates of kneewalls
are the most common- place inside the greenhouse where
waterssettles.and rots the wood. Thus, all plates should be

fresstanding greenhous s —inside and qul—toShed.water.
In. th‘ old, single-glazed, lapped:glass greenhouses, water
i annels were provided fin the raft

ovoulap where it then ran sideways to-the.glazing
(supports). 1£then dripped down channels in the rifters;
‘into a gutter at the eave; ahd off to a convenient collection
area. Preventing dripping was important_in_many_of these
greenhousos since water drlps could spoil valuable flower
crops. P
In doubega7ed solaf E,roenhouscs, less water tendq to
~condense-on-the-inner-glazing-because s surface temper-

®

g -ature stays-warmer than does-single glazing—Solargreenhouse”

o H : . . - E 1

gee Chapler 7). The waterran down-each piece of plass™

This corner detail shows con-
sideration for rainwater runoff, :
The slope ad the sills below -
the glazing helps protect.the. e

.wood from rotting.
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Dl B..Using a plywood gusset ' |
e NOTE Foreep pitches a Scrap piece”
: 'ﬁ : | .ot 12 F?kte,rim plywood can:be:nailed
. N b | : Ao the end of'the rafier before ) :
; : in§takiation, and then the plywood s
Lo e o ™ onailed/securely 10. he plate on the wall Rl
T g Tt 16 Torm a gysset plate. Be sure'the L
. edges ol 1he plywood are primed, well :
S - i + sealed and painted, .
kY n
A b . 1 t
0 R
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S AcUsingjoisthangers /oo iemdsn bl m e e e G i o -
= oo | NOTE: That on steeper pitdhes the -, . Rafter hangers that fit a set pitch (B) fEe
: notch in the bettom of the rafter may.*\ .. may be available 10-alleviate this o . : : : . : : :
: <o ake too big a bite out of the rafter - N\ problem. HEERACRX B IR DA WU =
B 7] caffecting the depth needed}'léra . . ; e e : S : S : * :
particular span. (A) - : B D ’ : : oy : - v
FIGURE 6:8 ‘Rafter to wall connection \\ e O 5 Cos Lo pr




““member,

‘and aII studs and: rafter,s connected to.the plates should -be
cut to account for this bevel.- You may think that beveling &
‘board (for the sill) along its entire length is too difficult and

70"

“Moisture- proofmg the walls and roof

“time-consuming, especially If- you-must use-a-hand plane‘An.

- alternative is to add apiece of beveled redwood siding o
top of ‘the plate (see Figure 7.16 in Chapter:7). Whlchever
method you.prefer. the extra effort will add snyuflcantly {or
the lifespan of-the greenhouse,

‘A second stepis to use rol- resistant wood Rvdwood or’f
i ‘

cedarooften.is used,: but both#are quite. expenxlvr “he al(er-
o hative s to-treat tho wood to resist-rot

: taining coppef napthanate*are acceptable—the greénhouse-

can be used-approximately ont week affer apphcatlons Re-nt
don’t (e pentachlorapherm or. crooeote—theqo

’preservatlvov will dama%(\ plantﬁ e 5
1tdis most critical to treat-the wood used for the: sill (the first’
bodrd attached t
moisture to this
“peopletreat allthe greenhouse wood with preservative, then
- prife and paint/ Use a good quality, oil-based primer and
r _two coat'; of orl- )

“.on the inner surface of insulated walls, particudarly where in- .
sulation was missed- or where solldhmalerml (such a3 block
“lng,,) isinthewall, . . A 5

Pfeservatives con-* - -

e Llse glass f/ber and/or S’zyroloam um:/auon Momure

the foundatron) Cohcretc or earth carries S
ood, eventually causing rot problems. Some

sed- parnt on alls |nter|or greenhouse parts o

tions llsted below rega
: trouble wrth m()htu[e in- your solid w.llls ‘m(l rool o

SOLID WALL AND ROOF CONSTRUCTION TIPS

! :
< ,.&50

Generally, standard construction practlces can be applred‘
when building the SO|Id walls and roef-bf.a solar yeenhOuse
One.main.exception is that' the inside must be mcksture-proof
During® e\tremely cold \\'aather water., vapor ‘ran condense

"

~Bujlders myst (ompensate'for mors,turv btanclnrcl e
-burldlng, practices 1tial, and if you fotlow tho’sm,;,c

g the interior. you $hould have |IlUC‘.’>
oE g

.\wII not destroy these Do nat use ce/lu/ose -

Use.a cont/nuous . mrl po/yethy/ene vapor barner on
the interior surface of the studs and-rafters.Patch anyw.--~»
holesin the po[yethylene beforé 5heathrng :

)
2

Use waterresistant-interior. sheath/ng Extenor plywood “I’F
with a finished: srd‘e[ ‘AZ-sitle)-towdrd-the-interior: 6x-

‘? N

. ‘oaslerto pamt beforgtE e_,,;,laurg, is in place v 5
“|f thewood ‘s treabted with ])reservatlve undercoatrnb, it
—will-lasttonger than. if it is: just primed and| painted. On the
other hand, if untreated wood iskept well- paLnted itwill last:

a long time. A fresh coat-of paintfram:time
7,'0nhance I|g,ht reflection ontQ the ;:,recnhouse; plants

When cutting: Lreated wood, use. a dust.mask.’DO. NOT‘ EAR
~ breathe the’ sawdust; qepayate the sawdust d’om any that ygus:-

‘may. use forrn_ulch or compgosting. Also be careful wrtllpre-

servatlves—r&pgthem ff.your skin dnd

““things in gene\al If :youlplan‘tg plant direc ly in the grotind
. inside the greenh6y

: preservatrve drips onto the soil. N AT

- Frnally, use only galvamzed nalls "Brlght” nails, as non-
galvan zed na|ls are caNe §
thewo d S

By

W|Il rust and contrlbute to rotting

o-time also wrll»t_;'"

way from. Irvmg e

freat the wood' elsewhere SO that no>.

Do NOT “use-interior plywood. regular Sheetrock

sHomasote, partrcle bodartl, Masorite; or ¢ardboard. All
of these Jess " durable. materids ‘can: be treated and
painted, but they on't lastverx long after the first - o
cracks appearin the paint. e St

terior siding; ‘or wate Looi;i_reetmck.are'—all—aceeﬁ{abk—‘f—A|

- Use ga!vamzed nails only. ¢
Pr/me the mterror surfaces wrth oil- based prlmef o 2

""’_VAfter priming, caulk all the: ;orngg and cracks W/lh
‘latex or butyl caulklng : :

- Paint with two coats of gloss wh/te enamel Don t use

~'a specular reflectorinside the greenhouse as it may -
~‘concentrate too.mtchon a partlcular spot and burn
“the plants. (A sp’ecular reflector is one ih which you
“can see an-image reflected clearly, such as a g/ass :
‘mirror oraluminized Mylar) i
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. Be sure the lnterlor sheath/ng over/aps the edge of the
f0undayon 50 that condensauon canrun off

e Vent the lnsu/atlon in the wa/ls and roofs as in Flgure
© 6,9, so that any moisture which does get into the insula- :
tion:can escape. (For verysmall solid roof-or-wall areas

- on somerattached ﬂreenhomes venting may. not_be

worth theeffort. Vennng is-more cr:!/cn/ on lnrger roofs

and wnlls)
‘\b) i

wall nnd roof lnsulnllon How much is enough?

“Super-insilated watls and- roof are-not warranted -in a

blCL‘I'\hOLIS(‘ simply because such a large portion of the Iwat
lost from ithe greenhouse. goes out through the glazing: Jn a

~typical small solar-greenhouse, doubling the lmulatwv value

of the solid walls and roof may cut the heat loss for the whole

" ~greenhouse by only five percent. With this in mind, the follow-

‘ing rules of thumb may be used for designing walls and roofs

for greenhouses. For cold c/:mates, 2% 6" framing with 512
““fiberglass_insulatidn or_2X 4/ framing with 315 fiberplass

71
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insulation:and 2" of Styrofoam under the exterior: sheathmg'

may be used, In - more moderate climates, 2 X 4" fram:ng w:th
3lafiberglass insulation is ndequate ~ ,

Solld wall framing gundellnes *

“When using contintious foundations: wolld wall framuu., is

|clont|( al to convéntional house framing. With, the post foun-

dations ~however, the wall will span the dmmnce between
“posts! If the wall is sheathed on both sides with plywood,

the plywood (with sheets applied: ‘horizontally) in.combination

~ with the studs will act as abeam and supplyithe necessary,
~strength to span up to elg,ht feet between posts. Use galvanized

nails, spaced six inches apart, to secure the plywood to the
studs If plywood isn’t used, a treated 2 X 67 board bolted to

‘the lower outside of the posts will act as a beam to help sup--

“EIGURE 6.9 Venting of insulation in roof and solid walls »

1

port the wall between the posts (see Figure. 6.10). A treated. :

2 X 4 may be- used for posts spaced every four feet, The'wall’

may be framed flat on the ground, lifted up onto the treated

, 2><6” beam, and . nalled in place Thls process is easy for




i

‘ rectangular north walls of freestandlng greenhouses For end
“ walls, ' where you may be filling-in between rafters.and the

~treated 2 X 6" beam, it may'be easier to nail tHe bottom 2.X47

- platéito the treated 2 X 6" beam, -and then put the top plate
and studsin place separately :

;,walls to a house, itis easiest.if you are able to place.. the

- last stud of the greenhou5e slde waII agamst a %tud in the wall

Attachmg Solid End Walls to a. Housev For attachmg end -

2 g oy

3
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9 N
*w

of the house: . The: gre“éﬁouse stud then. can be. Iag screwed

“into the housestud. If the greenhouse wall-does not end ata * -

" stud in the house wall,.the greenhouse stud can be lag-screwed:
~info the bo;tom plate of the house wall (and the top plate.if:

the greenhouse wall I§ tal] enough) and e\pandlng, bolts can™®
“be used to fasten the middle and top of the stud to the exr

:-.terlor*sheathmg of the house (see_ Figure 6.11). If the green- '

'house framing, or sheathmg isin contact W|th the house foun-
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datlon preﬁerv;ltlve c,hould be tsed on the gre;enh(’)«que wood. . ) T

,ﬂt contact points. - . I
™ “For endwalls on posf foundatlov, the treated z><6 whlch s SRR

LOAN

i3 bolted to the posts, can be sup
“last stud of the end wall of the gre

‘nhouso (Figre 6.11Ywhich

o isidin turn bolted to the house. In this case,.the. bottom of the

last. stud of the. end wall should bg
as it willend up close to or-touch

treated with persérvative,
ng.the earth. Addl(lonally

horted by bolting it to the

,
- SerEsouse IA/'/ZA’

S AT AATE
Fe- _f/ulf\.’fh/ﬂ(/.sl.
A

a sturdy metal angle should be bplted to the foundation. of
tho house, using an expanding leadlshield bolt in the concroto
ormasonry, on whith the treatéd 4% 6 will bear: i

2r8 ALl s . g,rf{MW( e An ' )
| P e R

| : 5
ANRLTL ELTELDL o §

i Roof Framting: In terms of strjcture for the roof, 24”7 L

rafters on 167 centers .'n'(' adequ e for up to an eipht- foot .
~span, For six-fool "I)(ILM, 2345 mpy. be use dvon 24 centers, J ‘
2 rafters on A6 centers will span up to 12 feet For 10-feet = | Lo

Corsharter, 2% 65 may be used op, 245" centers, These fafter Rl
“specifications will provide adequate roof ;support for most

' “sriow, 'wind and moflm, m.\t(‘rml I )u(ls omountowd

. : M\HRIOR Sllf/\lHlN(u, RO() NG I\‘ND I"’/\’anlﬂlN('} - 1 S
- The exterior of i the salid roof may be treated the same as P ‘
lh(_ exteriar of any structure. Rol roofmb is inexpensive and - | f

.- fairly aesthetic. Be s*um to.use “drip-edge” flashing around - @ = y SRS R I g
; o | T o ad 1 - s, Y

‘the edges. If part of your south roof is solid and part is cor- IR | P i . i :
rugated fiber-reinforced plastic (ARP), carrugated metal roof-- ; k : XA

g A B T RTTDN .
kg PLA,’I O MOUSE LI . “ N
i

ing for the solid part will neatky gverlap'the'corrugated FRP g
Besure the.corrugations matchbgfore baying! " i 1}
) Cutting through “palvanized " ¢orrugated - sheef metal i§ .

somewhat difficult. A sheet-meta Cutling bla'do fora circular
SawW s nvmlahlv which speeds the process: (onsnivmhly or-a
||g saw.with a metal-cutting blade can be used. Use gopgles B i ,‘ , v ,
and ear plum The aluminum-cofrugated reofing can be.cut | i - B : ’ T
with tin snips; The mslallallon is |d(*nl|cnl ito the corrupated 7| / : -
FRP (see Chapter 7), with the $xceplidns ‘that palvanized
nailseare used with the galvaniréd roofing and aluminum .
nails v |t|\<\lumlnum roofmg, and that butyl caulk or roofing = /
1
"
|

FIGURE 6.11 Framing for an 4‘ndwul| of.a p.,rw‘nh()uw to the
hmm (usmg a post mund.mon for the ;,r('onh()us(')

tar. may-be usod—-ﬁqr metal-to-metal joints. :Silicone should
be used where the metalroofing gverlaps the FRP. -
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To bust ultogjratu tho ;.,ret\nhouso with thmhouso the exter-
ior of the walls should be sheeted and pajnted like the at-
tached bLlllcllm,, whoro pmslblo “Any E‘J[E‘TIOF treatment
should include sxdlng, of reasonable quality;/tight trim around
corners: and. caves, f’lashmg, where necessary, caulking be-
- sween trim and siding, and a paint or stain finish (see a general -
”'_,construqtlom text). Pagticle board, plywood or other glued
* - materials tehd to- decay quickly if they are, not painted or
“'—‘ if the u(l;,us are ‘oxposed, Be fore using these Somewhal deli-

.

. cate materials, carefully evaluate the likelihood of (ontlmw(!
L m.nnt(\ﬁmn( o 1 you do usethem, hatten all v\t('nof; corners
o and veltieal J0ints, caulk all- h()ll/()!\hll joints and be sure

the sbottom etlge of The m.ll(\n.ll is kept p.nntml and un-
10s8¢d tg spl,\shmt, W(Ill‘ o : .

N

e } Ly J >,

©

. : -,ﬁ*lOORs SN
CFord |o{v - »)(‘(‘hh()l,l\("“l dirt Haor is ilm‘ Ihv dddltl()ﬂu
“of some gravel’ in,the pathways will help l\vup the-floor from
petting mudgdy and keep greenhouse users from trac king mud
into the house.-Old bricks or chunks of’ contrete also can

. ~~make nice pathways., = - -

IS ‘A poured concrete’ floor is rathoT e\pensnve@lthough it has
""Q»a distinct agvantage: It can be cleanedf Being able to clean
he floor s—mseftt {&r vontrelling pests in the ‘greenhouse. "
Pests lay.epgs in: nooks and crannies‘everywhere, and a rough
A floorpresents many inviting locations. SO

(e

Insultltlon under the floor: wnot reu)mmcndod for a Iowf

- U

: cost greenhouse. The expense is hl;_,h l,(‘lallvu lo thg‘ amount

! Of heat saved, Insulnllnn around the perimeter (as’ \U),[_‘(‘St(‘d

»

Jin thet oundtltlon w(‘llon) is far more uwfnl

S s "DOORAND V[STIBUL[S BLad T
' For atmc,hocl greenhouses, gne* door should lead dlroctly
into the attached building if at all: possible*Direct access

: saves heat, eliminates .the nood for a, vestibule, and mini-~
! o

mizes shock to the plant during cold. wintér month< Quick
ancl easy -access also promotes better manag,ement and

74

out too much heat or Iettmg in too much cold.

@

LT

greater use of the grovnhouw L‘\[)(‘(‘l.l”y (lurnu, the cold
months. Instal{ a screen door as'well, if you plan to use this
“direct access” opening to vent solar heat: Tt witl help*keep
greenhoust pests out of the home anci houso pets.out of the
g,reenhouse’ . O ~ L - '

A 9ocond door \hould be installed that le&gx to tho oyt
side. This “work -access” will he used tormove dirt, plants
wlwolh.)rrow and-people.in dnd out-The outside door; wide -
enough to admit your. wheelbdrrow, should be placedomThe
least windy side of the gre unhouw opossible If the ”I('dst
wm(ly side” also”is an area that should be glazed a trans
patent door with dny plastic glazing should be built (see
Figure 6.12) 1t should be double-glazed (if the greenhouse is
double glazed), tightly sealed “and weatherstripped  If the
“least windy side™is a'solid wall section mostany door will -
do. Aninsulated dooris recammended: but itis more impor- T
tant that the door-be tightly, sealed and wv.\’thvr\lrmpv(i IfF
you-can see daylight anywhere around the/door when it is

[y

~shut, the door jis not tight enough for winter use, (Recycled

doors can be m\ulated neatly with Styrofoam sheets. Cover
“the. ‘Styrofoam edges \wth wood strlps and g,lue the sheets to
“the door.) / ) . 5 i o

Ifyou are unable to-build an attached greenhouse aroupd

“direct access’” door, orif you are buitding a freestanding
greenhouw, a vestibule should be built: Vestibules help con-
serve. heat, prevent shock to the plants. when the. door ‘is
opened, and provide some storage space, A vestibule should -
be big epough to let you enter the oster door and close it
“before opening the inner’door. However, if you.don't plan to.
use-the greenhouse during the cotd wintes, mom‘.bs or if you °
-are building in.a mild-weather area, a VGSthUIG Ls probably
not worth the'expense. - = e

A wintertime alternatlve to a vestibule is an old blank(,t S

nailed up.inside thé"outer door. When you open the door on )

cold days,; ypu can scoot behind the blanket without Iettmb

o

LN
o
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’Chapter Sevent

GLAZINGS

76 L e o
" T
ne of the most often-asked quemom in. greenhouse:
design is; What is the best glazing to use? The fact is
that there is no “Best” glazing: every greenhouse is different.
Fach is builtin a different:climdte; for different reasons, by
different people,-under dlfterent circumstances, and:with dlf
ferenpt amounts of resources (time and money). Given that the.

SRR

“design decisions, the best glazmg to use dépends on the par—
ticular Flpp“(“d‘tl()n

There are many factors to conslder before makmg your\
';,lalln;, decision: Obvmmly, low cast is a prime considera-
tion—you need to be very selecllvo Durabnhly (lifespan),
light transmission, and installation:are lhreo |mp0rhmt con-.
siderations aswell. ;

If you are - building the rest of your groenhouw to l,m ol e

*long time, you need to choose a durable g,ld/mg,, or: install
less-durable &,Iazmg in such a way that it is easy to replace.
If vandatism is a problem in-your area; a main consideration
should be the glazing’s resistance to thrown rocks.

Sunlight is ‘the ‘lifeblood of greenhouse productwnty fand
the glazing surface is-a-key.to capturmg the sun’s rays. Most
glazing materials are- ‘combparablein tespéct to light trans-
mission, but they vary when it comes to heat transmission.
leferent glazings also require varying support systems—
heavier glazing support systems block mere sunlight Recog-
nizing the irterdependence of g,la?sngs and their support sys— ;
tem is a key to good demg,n

Glazing mstallatlon is another c conﬂderatlon that should
weigh heavily'in your decision. QbViously, some glanngs are;.
easier to xnstallxthan others. Choosmg a glazing and g,laﬂng
support system thhm the range of your.construction. ﬂ(:lls is

--as important as choosing ones within your budget:

" In cooler climates, wheré double glazing is recommended
you must make two glazing decisions: .inner and outer glaz+
ings. Certain materials are well suited“in combination with
certain other materials—and are more cost-effective as such.”
You need to determme the nght balance of the two. layers

Y

A N + g :
Th

@ . g,reenhouse glazm;, choice-must be consistent with all other *




which a choice: can be made for most situations. For each
$  type of glazing we will-outline cost, Ilfespan Irght transmis:-
“sion, installation con5|derat|on5 support system details, and

how to decide if a given material is the right choice for ‘

5, your greenhouse The lnforn‘\atlon should be treated as an.

ment the lnnterml presented for each type of ;,Ia/mg, with
”lOCﬂlI/(‘ 1" information: installation specnflcatrons from:the.
manulaclurors ordering, pricing and.delivery informationfrom

|
dlstrlbulors ancl retailers—also note delays, pm(ll(dl Lips

and labor osllmnloq from builders.

Af powblc go see a greenhouse ‘which uses the partrculnr
gla/mg you havc in mind. See how it:looks; find out how it
works; learn as much as youcan about the construction details
that were neoclnd Compare cost estimates and product in-
formation carelully Understand the time and labor involved

with each glazing installation, and if less durable glazings.

Lare usecl .consider lhe time and money needed for replaco—
‘ ments in the future . L

RECYCLED WINDOWS

Onc of the most 1ppropuato glazing: optrons foralow- coqt
solar greenhouse is recycled. windows. Old wooden storm

may be available. Or, perhaps the wood frame windows on a
nearby. office building have been replaced recently. lhoro
may be a similar ‘opportunity in your area to acquire glass
wmdouw ata roasonablo coﬂ In fact; the windows may be

.-vwhatrs avallqble r‘

- house walls. Wood frame windows should be used vertically
“ only, because they are- not designed to shed water or snow
.. when tilted, and as a result, tend. to rot prematurely when
““installed onaslant(F|gure7l) : -~

some extra work Often recycled wrndows must be r‘puttred

- . - g E : ’ of R

outline td help you make good decisions. You must supple— :

windows — tinused a‘nd stashed-away in a neighbor’s garage— -

'/ free for thectaking: ln some situations. .Check around and use.

‘Recycled glass windows are be:t utilized on vertlcal green-’

When using recycled windows, you 'must be prepared for:

.77 :
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cussed—certarhly not all the possrblllueﬁ but arange from . |

-

SLOPED  JNSTALLATION =~ JEETICAL  INSTALLATION

FIGURE 7.1 ‘How and how.notto utiize recycledwindows

file

scraped, prlmed lnd reparnted belore lhev are. sulinble for

“greenhouse use. If you have the time to manage these tasks,

-

prlass

though recycled windows can last mdefrmtely albert the as-
somated problem’s wrth breal\age .

LlGHT TRANSMISSION - One Iayer of g,laqs transnﬁrts 85.to
90 percont of the sunlight that fallson it However, bulky
woodwi

mﬂow frames and the support: structure rnqurrocl for
an reduce the overall light transmissign quitera bit, \to
appronmately 50-80, perc ent of tadiation striking the surfaco
If possible, choose, wrndows with larger glass panels and
smallerwood framing. If paifs of wood windows are used as.
“double glazing, light transmission will be reduced But.unfess
the wood frames are unusually-large or there are'many small

. panes of glass in the wmdow lrgh; transmlssxon shoulcl
: :.be adeqdate :

S

IN(STALLATION Reparr»the putty and reparnt the wrndows
: before installation. All cracks must be. repalred “and all wood

: surfaces parnted to achreve an arrtrght sea and lastmg finish,




Ex'ﬁmlne the wmdowﬁ cwrelully he lower sash ot doublL
hurTg windows and wooden storm windows-have’ a beveled
bottom edge. Use these sashes as-your bottom, outside course
of wmdows—complemerﬁmg the beveled sill'to shed water.

~bevel the bottoms, to match the bevel’ of the sill (about 159).:
‘Fuls') Be sure to'paint the: wood exposed by the cut (primer

“more than one course of windows (one on top of another),
bevel and-paint-the edges where the two windows meet

[5}

(Flg,ure 7.2)..No Hhorizontal framing .is necessary botwoon
: e | S courses of windows with beveled edggs. e
T i e : 7| » The spacing betweén the framing members of your l\nee

. e i 1
FIGURE 7:2 Horuontal joint belwcen two.courses of recycled?
windows : ’ : , ‘ L gt T

allow enough roomtto fit the windows easily (!/," inch on each

POV ETHYLENE GLAZING
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1f nofe of your windows have this beveled sash, you should
Use a plane, a cxrcular saw, or a table saw. (Watch out for =

q : nnd two coats of enamel) before mstallatlon If youareusing

“wall should be 4 “ wider than the width 'of your windows to. ' ¢




1] H T 4 . a4
e 5|de) Be careful—DON T leave a gap around the windows so- S ‘ o Al o .
. large that it prohibits sealing the cracks with caulk. I the 2 : ‘ R .
~paps do end up larger thancan be caulked—larger than %" — e IR b At
youwil have to use a finish lyatten to cover the cracks. (Thl§ i . : ’
- batten isn’t shownin the illigtration.) 1t is a good idea-to in- . PR . RN
. sulate the cracks with flbergl‘ass or Some other material- be- I i
forc applying the-batten. D e ‘
- Window stops should be- placod careﬁully ey tl;gat the ex: Lo // ‘ ; i
lenor surface of the.window-is flush with the exterior surface | )\(‘ .
N of the framing. Place the ,stops,on cach side (Figure 7.3), and 1 -+ & . ek o] .
.. screw the:windows'in place, 1tjs important to-beable tore- | 7 = N | et o ‘ L
move the frames so-glass can be replaced if broken. S N R~ saancn a0 ‘
. One or more of the windows with fairly sturdy frames’ can vl el ‘
e be hmg,ed like doors and used for vents. Reinforce these win- g-%«»/ o :
. dows with diaganal wirés twisted ayqund screws ifeach cor- | " e — " :
ner (Figure 7.4). Weatherstrip betwfen he stops and this vent povpom Triml) 3 O it o Al
‘window. Use one hook and eye bt for alatch torkeep the!. | - % ?Ziaﬁi‘:‘r;”m‘fvﬁ.«"’“[m«
. window closed, and anothier to keep it-open, Polyethylene N R R s
. for.double glazing can be: applled directly to the back of: the . Y ‘“‘f” e : £
vent window. with small wood battem (More on wmdow vents e o T
in Chapter8.) - i - p i S
Le K o LV CLED w/,vmu’;
I+ pairs of recycled ; g : g A R : E i .
windows “are psed cas | o s en i vrry s mao“ :
cxdouble glazing™ “drill e s Do TN & caces —
twe one-halfinch (1479 e ‘

s halés near the battom et bl i

. and: two more near the NN 1 TR PeetrED H ,
top of each outer win-". : rs datcuce AKKT = s verie
. : : . 8~ AL /NJULJHM
dow to vent the cayity | || N\ pHEs Gt akint
“hetween “the windows : :

.. (Figure 7.5 B). Drill two | |. 78N e s
holes instead of four for CEY
windows smaller ‘than | - s\ |F
3’ x3" Drill thé holes at | it —\ [ﬂ
“ah- angle to keep water g /A : -
out. Place.a very qmall_,‘_ A : : -
Dlece of f|berg|a99 insu- I i v FIGURE 7.5A .Recycled window -
FIGURE 7.4 Reinforced window yeat thh polyethylene inner glazmg
LA . B o B : E . ° we . -
, ~ : : (oo & )
=) ws "




lation alacked very loosely— in the hole; the fiberglaﬁs , ] Polyethylene is an easuly installed, lne\penswe inner {,lﬂlmg
- will aet as a dust filter . Covet the holes with a fine-screen | th use with-recycled windows. It.can be installed as shown in
to keep insects out and caulk between the two windows be- | Flgure7 5A., oF as one large sheet battened to the back 9|do
fore mstalllng the outér-one. Venting hélps eliminate conden- of the frarming.More on polvethylene later.
sation between the wmdows Drier ‘outside air (instead -of l RECOMMENDATION Recycled windows are best utnlwodr
moist greenhouse -air) circulates between the windows, The
small decrease in the windowls insulative value created by -
this venting is more than offset\by the increased sunlight that
pénetrates a condensation-freejwindow.
In order for this ventilation|system to minimize conden- 1|
sation, it is important to seal the inner window from the inside . adifferent Ol)lloﬂﬂl g 5
S0 thnt air exchange takes plgce with t‘hel‘outside air,‘ and ' , ¥ ' \ :
notwith greenhouse air. ‘
Note in Figure 7:5B that thc pully on lhe inside window |
faces the interior of the greenhouse, It is on the interior sur-
face where water will condense and, therefare, where a water- |
tlghl surface 'is necessary. Putty on the mmde alsomakes lt
easier .to replace glass. The stap and sill below this surface
“should-be beveled if they extenc beyond the wmclow to avmcl‘
“standing water and rottlng : . ‘

problem iIf recycled windows i inidecent condition are ‘avail-

asloped surface, or if the style of wmd()w available dodsn't
fjt-in aesthetically with the main. lmme you should mnsn(lor

‘ RS

| POIYLTHYLINI GLAZING :
l] Pcly thylene is the lowest-cost commercually avmlable
greenhouse glazing. ‘Although it doesn’t last long, it can be

used as a temporary glazing and is especially suitable if you

ant|C|pate having enough money in the future to install a
more permanent glazing. Afso because itis mexpenswe and

o . glazm{, choice among commeteial greenhouse operators.

Recycled windows, althou;:h installed bn a slant, have
h

worked Wc” for this greenhouse in Nelv Hampshire, L 5 sunlight so quickly, Non-Uy- resistant (re ular) polyethy‘lene

o the other-hand:-is.a good, inexpensive inner glazing: since

VIOlt‘t light of solarradiation,

Regular six-mil {one mil =.0.0017 thick) poly(‘lhylvno casts

about three cents (’,k) ;wr xquaro lool UV-resistand, sixe-mil

: pﬂl)lyethvlonﬂ (such as 6 0z" Monsanto) costs about lIV(‘ cents
(5¢) persquare foot. Rolls of polyethylene come in-many sizes,

bLlrt often notinthe size you need. lhm any excess polyethy-

vanized nails, shéuld be included in'your costestimate.
{LIFESPAN: ‘UV-resistant polyethylene may last two.years,

cases, it is replaced annually to avoid the chance of a tear
‘inlthe middle of the second winter. Untreated (regular) poly-
ethylene may, last only Six month> |n severe cucumstances
S ‘ %

2 L

I
{
i
|
1
|

1|thouuh in windy locations it may: last:only one. In many.

in vertical installations and in areas where vandalism is not a.

able ata reasonable cost use them But if you need to ;,la/e :

doesn't. fequire heavy framing, polyethylene is a common -
LT ( ' Generally, :the  six-mil, ultrav:olet*remstant (UV-tesistant) .-

_polyethylene is used because it doesn’t break down in the

the outer glazing intercepts much of the (lamn;,m;, ultra-. .

lehe you may have to buy, as well as battens and small gal .



-1 cher type’ W||I probably ]ax( longer as an lnterlor glayln;,,
ey ppll!cul.lrly h(‘hll‘\d plass or fll)or~r0|nforce(l plnsn( wlazings.

mi o LIGHT TRANSMISSION: New |)nly('lhyleno transmits about

‘)0 percent of ‘the Sunlight,but the pgreentage decrog {ws assl.

. the plastic gets older and less transparent. Double-layer ;mly—

‘ " ethylene, inflated. bvlwoon the lay('rs by a small blower, can
' “span-larger distances; thua less light is blogked by ;,In/mh
support framing, On the p(lwr hand, the type of installation

outlined bolow—polyothylonu stretched and attached to the

- framing—uses more-. ‘commonly;, nvmlahlc materials and: lon(ls

t"»} itself to a more, permanent ;,lanng replacement later. on, than’

« T does the mflalml method.-For more nﬂ‘a&gmtlon oninflated

‘ glazmg, construction, review the congmerclal g,reenhouse
atalogs referenced in the ResourceList: " %

INSTALLATION Ease of installationis one. of poh/ellwlene s
qtrong pomtx You niay have.to do’it yearly, but it isn’t drf—
cult. Six-mil_polyéthylene should be used for the extetior.

mlm., supporlq with. contmuom battons to. keep

polyothyl(‘m sa the tighter it is stretched, and the more often
pE ll i supporl(‘(l ._nd batigned, the fahger itwill last.

- One-inch byitwo- mgh battens nailed with 6d of 7d g.,al
vam/od bo\ naxls every 8" to 107 should.be sufficient: Be
sure to- prime. nnd paint all wood surfaces and battens be-
- fore installatian: /\ny hon/ontal battens should be cut some-

5 whal sh@rl to lmvo (‘nd gaps for water to drmn OH (Figure
7.6) .

If. you plan to all more p(‘rmanont ;.,laﬂng, Iator remem-
berto space the’ frammg, to accommodate the future glazing.

When' polyethylono is used on the roef; rth@ roof-shodld

,‘, 7 slopé At leasQO° and should be unohstructod at thereave to
: “'lH‘B\AvbnOW to slide off easily (F igure 7.6). One iy to.avoid
obstruchons completely is to use ore large sheet of polyethy-

'

. lene which-cavers the roof and the kNeewall; use tape sred] hori-
Ta lonlal lmUou\ at the top:of the knefwall; and. use no hdt

%, tenat tlw lower edge of the roof, .
l or doublo’ Iayers‘of polyolhyl(\ne mountmg hoth Inyerx o

" our-mll can be used: for the interior. Polyethyleno must be ;

ring. ~Flapping in the wind rips suns woal\mwd'
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lho exterior ol the framnm lls prele rable. (Figure 7.7C). This |
method will trap the least: lgwol%lur(\ arount-the structural
2% 4" framing, and will probably cause Lhe leas! Nructuml
damage due lorol. ’
Fnclosrng, the framing itsalf in polyethylene (one lnyor :
ooverrng the exterior edge ahcl the- ,other -covering the in-
‘terior edge) also is.commonly done. It-is‘probably the easiest
: mstallat\on (Flgure 7.7B). This nlethod facilitates- replacements
smce the- lnner layer is less prone to damage when removmg,

|
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: FIG;URE 7.7 Three methods of insta'lli‘ng nolyethyllené glazing

A

" the outer layer
A third method is llltst atod in lI;.,LH'O TTA. ,
the outer.layer s fasten d to the frame’s exterior-and llm |n—
“nerlayer s nmlecl hetween the framuu,

\RECOMMENDATION Polyethylene is..a-'pay-now- and pay:
later -eption that spreqds glazing costs over time. For. those
with little” money to sgend up front dunng initial construcs
'tion, it is a good thoice Although it muyst be replaced yearly,
polyethylene allows for- llexrbllrty—you can dnstall -2 more

permanent ghzr as rnoney becomes avalilable;
- On the other hand.{polyethylené is. fragile. Do not mstall
~where it can be easily poked, scratched:- or pierced. Also,
in-high wind areas of where vandalism may be-a problem:
consider.a (llff( rent.option, S e

: : |
IlB[R RFINIORCI D PIAQ"II( (ERP)

Flbor~remforced plastlc is.a popular &,reenhouse\glanm, be.
cause it offers a reasonable compromise between cost and life:
span. Also known a¥ifiberglass, or by various trade names such
as Kalwall, Filon, Glasteel and Lascolite, among others, FRP is
an acrylic plastic resin reinforced with glass fibers. It is the
-reinforcement.that givés this thin material —.025” to 060”

lazings discussed in this manual. k
FRP:is available in flat roll (48", 492", ‘and 607 wrdths) in
corrugated: qheets (26 and 50" widths "by yarious lengths)
and (from some manufacturers)in a 5tep pattern (like the sur-
fal\e of ‘clapboards).»There are several rades. The medium
and high grade FRPs have an ultraviolet inhibitor in the acrylic

“resin to slow decay caused by the sun’s ultraviolet rays.
Additionally, the outer surface of high-grade FRP has a thin
coatlr\wg, of. Tedlar—a highly weather-resistant plastic film,
Low qt\allty ERP:is not recommiended: for greenhouse iisé-he-

cause lsdecays too quickly to be worth the investment:i
time-and\materials.’
Factory—made double glazed FRP. units are avarlable but

“are not discussed here because of their hlgh cost. However,

_its remarkable strength. It is one of the most vandal proof”“

X




lho Idbor and mslallatlon costs for these units are much less
“than fot two individual dayers of FRP. Thus, if. you are not

; mslalhm, the Bla/mg, yourself and ate:paying hlgh labos costs,
~you mray want to consider these unils. Check with the Kalwall

Co. fors detalls(see Resource List),
COST: As:a- modorate cost ;,la7|n;j, FRP out('r plazing with
J)olyothyleno inner ;;,Iaﬂng with a combined materials cost

: qof about B80¢ per square foot=is aicommon choan Include

the fellowing items in your total glazing cost vstlmalvs Ras;
'd‘ qmls'br SCrews, ribber or wood (()lru;,ato(l strips (ne wdc(l

83’

buting light in a greenhouse more eve nly tlmn Vi \ry (lmr
transparen( glazing materi: 1|s Some growers fedl that the dif-
fused light pramotesmore gniform growth in the L.N‘(‘llh()ll\(‘
On't he other hand, since FRP is transiucent rather than trans-
parent, many people choose other materials if Hw ;_Jr(‘vnﬂ
housetcovers aw mdmx W ltf ra mv()nu' \/u‘\v

ue

s

CERP dealer whon VOu ordor ’tho matvrml, and Iollow tlu m. H

some of the information presented below conflicts with the
‘manufacturer's instruction, be sure to follow those instructions

@ .

for-tho—emds—of corrpatedshoots) siHconetattking, OINeT
h‘n(lw(uv, and. wood battens (which can be surprisingly ex-
inensive if you buy them cutto width), The.cost of these inci-
sdentalsmwsincrease the total glazing'cost quite a bit,
LIFESPAN: Different ;,r.l(luk of FRP have different lif
Some medium ;,rnd(“. are guaranteed (materials only) for five
years; same top grades as long as 20 yo: ~“Ihe moist green-
house environment-and the intense sunlu,h( on sbuthern ex-

- posures tend to decrease lifespan.®
c.unll;,h(, air, dust; and water together react*with the resin
inthe ¥ RP_te-det teriorate the glazing. As the non-Tedlar-coated
FRP tﬂ,enually the medium grades—ages, the acrylic resin

CSPANS,

°

between the glass fibérs decays, leaving fibers e\poxgd Thls L

reactionis known as “blooming.”

Rogular maintenance will mcr!aﬁo the: lifespan: i\eep the o

‘outside of-the glazing fruer of dust and \OO(MDAI’[I(‘UIFIF'\' in
the city, Old and dirty suw’ aces canhe cleaned with steel
wool and painted with a r(fSlOIalIV(‘ clear coating (available
from FRP-dealers) to extend the lifespan and restore Some
light transmission. Always ‘( heck (h(‘ puarantee (.\wlully he-
{ore lmylngl RPA f

OT e EUAranIee may be vored. T ‘

Store FRY in-a dry location, out of the sunlight— Hl;.,h tem:
;wmluuw ar-moisture can-buidd upinside.a stack orroll nl
his material and causeelouding

I you are using the Tedlarcoated m, lll‘ll.l' be sure you
install the TRP with the.coating antheoutside. IJ the sheets of
rolls areny marked, ask yvour suppherwhich side is confed.
Cenerally, the inside of the rollis the-exterion coated:surfade.

FRP can be cut with a carbidetippid circular saw blade, -

or with tin snips. Themaximum span supgested by onean;

facturer for the flat FRP in pither 025"

is 30" inches, -
‘When Mstvmnw the FRP, /70()/)(0/70 unshvn should be us('(/

LR

or, ()l()" lhn,l\nms

with either nails or screws. Aluminum., nails with washers are
“available invarious lengthsfram FRP dealers 1f batlens are -

not used, space the n_axl,s o apart. Wrth flat ERP, battens
are recommended far.d nedter, longer Jm(lng, installation.
However, many greenhouses have been built without them.
The nails or screwsshoutd be no closer than 2474 to the edpe

Lol the FRP: otherwise, the glazing may break at tlw v(lmg when

I

"LIGHT, TRANSMISSION ‘Slnglv—luyu FRP- transmils 85 (o 90

[)L‘I((‘l]l ol incident \llnll}.'hl when it is new, Transmission
“decréases as.the faterial ages, although there is little agree-
ment as to-how fast light transmission will. decay. Trans-
‘mission (l(‘(‘r('asos more- slowly with the higher quahty matorla!

" Tand if the outer surfau iskeptdust- and dirt-free. * +/

l RP dlfleS&‘H part of the 1I|th passing. throus_,hnt dmrl-

ccold weather cofTracts the plastic, ; ™,
Usesilicone caulk and sealantin all® 1()Jnl~. of th FRP, hoth
where the glazing touches the wood framing .m(f whq e lwo
pieces-of-FRP-totrch eachother. Silicone is Tec umm«'n(lt d
because itis.compatible with the acrylic resinf-and is ¢ lastic:
‘enough to withstand the FRP's high v\pmmon~—dmut "oper
ten feet of length with"a 100°F temperature change. Be sure
the piece of FRP fits the framing well befare applying the sili-

“P’

°




A

~cone. Don t slldc the FRP. around on the mhcone as you W|Il
Vgef amessy, poorseal e e e
‘Remember:that all framlng angi bauens shoqu e pnmed
-and palnted W|Lh whlte enamﬂl beforo glazing. - :
Insta|lat|0n of corrugated FRP: (Refer to. Flgures 7.8, 7 9,
07.10). Corrugated FRP.is perhaps the'simplest type to, Jinstall, -
"Corrugaféd “sealing strips are used under the ends of the
sheetﬁ to seal airleaks: Flat neoprene foam tape of ﬁlllCODE‘
‘caulk may be‘used under the sides for sealing.
The wood or solid.rubber Corrubntod end strips are horter
s than the foam rubber end strips, because foam.rubber decays
too: qm(kly If. you buy wooden slllns (! Wl;,;,l(‘ h(mrci 9, he
pure lh( strips match the corrgations of the FRP. |

acu»rat@,ly to accept the 26" FRP sheets: AS shown in F igure
7.9, this spacing allows aclcqu \le overlapping of adjacent FRP
sheols Spaw the rafters so lho‘t,lann;, overlaps the sides of the
;,recnhou’#u about* wo inches “(to . eliminate the need for
~flashing on the side): Also, overlap the bottom edge of the rook
’enoug,h to-shed water over the kneewall glazing:1f used on a:
vertical wal! overlap at least ' over the corru§,ated ‘end stri
“at the bottom = : l _____ e B T

The corrug,ateg end stri“bs n ust be caulked and nalled down

nmls Achal(- round mou-l-c-l-mg; alcl on»top oi—&heﬂfﬂﬂﬂfs erF—-'*

support the overlap |0|nts in rfhe fiberglass. The gasketed nails
should be long enough to go through the corrugated strips and
the half-round, and bit o mlo[thl\ wood below (about 12" gas-
keted nails will work), Nails should be spaced every six inches.
«The first sheets are-installed at the bottom, lee eward cor-
ner of the roof 59 the su w(]uont sheets will overlap to
shed wind- btown rain. Pr re<g illing nail holes thgough the | FRp
Wl” avoid cracking. Nails | go in every third peak of ‘the .cor-
I‘ng:,ﬂUOIL': No.nails_in-the valleys—this causes leaks since™
water flows down the valleys. If the wood strips tend to \D'l(
you will have to drill these, too.. - / :
Either a. corrugated flashmg (avmlable from the FRP dealer)

"

should be on two-foot centers and should be spaced ¢
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you use the

- 'mvortod corrugated W ooden wﬁlm;, Srrlp drtll natl hole he

nails should be galvan oi and must feach down |nto lho
blocking below, Again, ng
FRR. Use short.roofing nails (e\fery 6") anc
flashing to the corrugated strip. Pre 1
“toravoid sn\mxhe*d thumbrs and split'stripss. Remember that the
“aluminum Ihqhun&, needs to slip under the siding on .t
“house. Be sure. to Iomun tf iding (if-any) h(‘tor ok

the greenhouse; It mH be difficult to get to thesiding after-

Uw the same prog¢ ‘dun' tmlllm'(l dl)ovv when mal.\lllm_
corrugated FRIP on vertic 1 walls (Refer to Ecolope’s A Solaf
"Greenhouse Guide for'the Northwest for a me detailed ox:
planation” of corrugated FRP Installation.  Also, thanks 1o
“-Ecotope forsome of thv lips inc Iude(l above), :
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ing’ is 49Y, . wide: or on 23"

: ; IRETT . S [N gy : SR

~Installation of flat FRP (refer to Figures 7.1, 712, 7.13).

For flat ERP, framing should be on 24" centers if the glaz-
centers if it 1s° 48" wide. Use -

blocking in the middle if the framing men‘lbers are six fee’l or

*on.until you get the battens m Hace. Start nailing al the cv

-glazing during wara.weather

~longer. All joints in the FRP should occur over framing mem-

bers or blocking; S0 your rafters must be spaced accurately

.tOfltthe FRP: »

Cut the FRP to length and try it out for size. lt lt fits -

_properly; apply. silicone to the framing. Then, with a few:
~people holding the top and battom in place, orwith the cor-
“ners tacked in, placv with temporary nails (driven hal(wuy

in), start nmluu, the FRP to the framing. Use smiall nails wulh
heads —dd galvanized box’ nmls——('very 12:18” to hold the FRP ;
) )w o

terof-the sheets and work your way up and down the edpe ,
nltvrnatuu, from:side to mlv to. avoid wrinkles, Pull out, thv
temporary nails-at the cornersace urdm&lv .

This procedure is not })C\NILULHIWGJHY If powblo |nslall the
(formaximum:extension). when. -
there isdittle wind. Use silicone caulk or Maxi-Seal between

~overlapping pieces of FRP, (Maxi-Seal-is:an EPDM.tubber. 5eal

which laces the flat FRP edg,es log,ether For further informa-
tion, see the Re>ource List). Silicone is not necessary under the

bhatten: | -

For.double ulaung, \vlth flat FRP nail the mner batten downy.

-avith 7d galvanized box nails (Figure 7. 13). Be sure the nalls :

won't'be-in. the way pt the suews thal hold. the outer batten

sodown, T
10 fasten. thc o_ute lattém mark and dr|ll holm (ovory

2"’) through'the battens while they are on lhq ground: These
holcs should be large enough for thc- shank of the screw to
fit snugly. /Put the batten in place and drill the rest of the hole- :
through'the FRP-(and-the .inner batten and inner FRP.if you are
double glazing) and into the framing. These holes should be

_the size of the threaded screw shaft (see Figure 7. 14). o, ,
Usé metal washers with neoprene "washers underneath’ each, S

screw or metal washer and add-a dab of silicone before: the

screw is m ail the way A screwdnver bit in‘a varlable speed




round- head plated screws——1 A
long for double glazing.

Io g for ﬁlng,le gl'l/ln' 3"

Fthe entire length of the FRP; the. hor|
J aligned with the Cross. blocklng Don’
ten.at the
catch rain and snow. Instead, use basketed nails overv six

mchos g =
~Curved inslallation of flal I"RP Compmocl tn a flat indtal-
" ation, there are several advantages th Inslﬂ”mg FRP With
the surface curved inward between hé rafters The curyed
installation:is better looking and th¢ FRP doesn’t wrinklelor
have a wavy'surface, The curved m»lw(lh tion is stronper tlmn'
the flat installation, so it requires fewdr supports, Rain br’
~melting snow on the outside is channeled into the center of
.} the plasllc, dway (xom fmmm;, mombms nnd |0|m.>, thmeby :

!
3

ontal battens mu it-be
t use a horlzontal bat~

= ;(|n|sh carpentry work, |)arucu|a||y‘m soaln g the top and bot \
| tom pieces of FRP; Curve‘d blocking must be constructed to \
| ! B
| ,accommodate the bottom side of the FRP\at the bottom-of
1 'the glazing run. Due to ‘the amount of we
‘ ;,h/mg, method is 1ust|f|ed only on g,la/mg, runs of 12 feet or
i ! b
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FIGURE 7.14 Sketch of screws :

A AT RSN
M SORT, O T TR

| ; L L |

1




. more; /\lumlnum extruuons havo just: b(}en devcloped\to mako
‘_thls g,lazm;, process mmpler The. exlrusions, available from
7 Norl‘nan B. Saunders (sce Resource Lmt) are used on t\vo foot

2
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greenhouse owne 1
Top quality umts are ra\ther expensive, althoug,h standard

v ST

spacing. Without these extrusions, though, thig installation

presents many (onstructxon dmucultle and is not de tailed n@

this manual:

RECOMMENDATION H »ou antlcmate a: ravorlle view

"throubh the greenhouse ulaz.mg, and want the. glazingtolasta
?RP But for a medium cost,
is fairly easy toinstall and.

Ion;,, lom, time, dont use,
: fexp“m ﬂhzm;” one Tl

r-reinforced plastic is an

\I'Ientmptio‘n, . L J‘».‘; .
L s 0
FACTORY SEALED TEMPERED DOUBLE GLASS .

g,Un'\ 7. ﬂ 5.
is uwd most of(on in ¢
plm‘or to maint:
by an attached urnonhqu

whoru llw 0V

(')an rolt'm‘(l to as lhvrmo

‘pane—one of many brand names—sealed glass un ts also are

used if resale value of aemthml(s are strom, ¢ onsxdoratlons tor

5 ! £

sizes of sliding glass doory —called Ypatio door l!tes —Fan
cost much less.
WIONE Size units—or- a((ept\ returned units, trom ‘customorﬁ
for btherreasons: Hente, he\may sell the plass-at a;low price.
II you do tmd \(}m of tho

54” by 7() and 46 w_>< 7()

“othisseettom 7 5 ' . ;
Hmt to\ts vary: ac cordmg to- thv guaran-oo

COST: Sealed- u|a
tee on the seal. lower cost, double- g,!au,d units are oflen
guarantéed for one to five years against condcns i
ing between the |ayer5 Some:high [
“for10:t0 20 years. We will -discuss

only the lower price. Ghils,

" Alwa ays remember: to check! betore buying to make sure- the

guarantee is valld for units |nsta|{ed in-a greenhome or-for
“units installed on an angle. Incidentally, for safety, reasons,

_any overhead. double glass umts Should be made of tem—,

peredglass o a

y
~ . . .

Also, a UIas\‘ dealer may somenmeﬂ order the’

g' lower (oxl umts bé- surv that

76717 7,.18,) l|u lnry smlucl,




H Costs canvary.from $2 50.to $5.00 por 9quare fool of g,ﬁss— s T VT e : g
— .~ notincluding installation hardware. Costs.are lower for re- e : - :
& - jects'and standard sizes, and are lower from distributorsithan
: from retailers. If your.order.is’large enough: try to get a dl\Stn«
butor to handle it, ‘Asfor associated costs, aluminum batten
may. run 50¢-per.-running foot and’ gla2|er s tapé, 6¢ per run-
ning foot. Check local prices. "% =

7~ LIFESPAN: The glass itself will last indefinitely if not broken.
But the seal may break, allowing condensation between the
panes. TheTondgasation, if there is alot of it, will run down
the glass s‘uw('avim, streaks which will ‘decrease trans- v
mission of light somewhat. Streaking, though, is 'more of an . By S ,
desthetic nuisance than afunctional disadvantage, : Ao
“LIGHT TRANSMISSION: About 70 to 75 y percent light trans-
mission can be achieved lhmu;,h rl()ul)lO«l(-mporod patio door :

L lites. Large glass sheets will minimize ‘the fumber of fram-

. ing members;” thereby allowing good vverall light transmission.

’ INSTALLATION There are many ways to install glass I

SN it

B AT »441/‘/ AN OV
BAL pATELD /'x.,u,w,v-

S N N AL ,«r

AT srent
* the glass is in wood frames already, follow the same pro- . et e

cedures outlined for recycled windows. For mounting unframed
, = ;ﬂlms the followmg details have been used in several green-
—'“houses. (They.are taken primarily from a talk given by Jeremy e L ‘
. Coleman-.at the 1979 Soldr  Greenhouse Conference in - " :

i CAOSS BLICAING -
BETIELN DPTRES

Plymouth Ma 557 - o ) FIGURE 7.17 Section through two types of-horizontal joints
“One general (‘ons|dmalnon when frammg glass units is  (between t“mmmdgm Anits)

spn( ingleave.at beast 7, space all around b(\twoon the glass - ‘
 aneHthewood: frame=forexpansion of thegtassandtoatow—} —
for shiffing or, wlllm;_, ofthe building. Alsa, -be sure that:the' .00 e perer
sealant used ‘ll the factory to seal the units is compatible
with whatever caulk YOu use in ((m(.u( th it (Check w1th ‘ e
W.l logal glass (lml('l ) T T (
The greoves.or “rabbets!

g

in the Il.umm, members are donv : ooy ;

’

~on-a table Saw or \\/lth a router b(‘!ow Yhe framingis put in A et [

2, " e
- S2" sitene

ral

plate: Ihu “depth of the ;,umvv is for sealed units made., L e st e aasiiie

\wlh ‘/u. b[ dss an(l /,I .airspace, /\d|usl thv (l(‘mh of thns rabbet ‘ g S T : b

g_,ldss plus ‘/,, for overy lay('l of g,la/wr s tdpe Also the depth. FIGURE 718] Corfer dotail
must-he adjusted |f a Kalwall alummum hauen is.uked, sirce iR RELAR Lodheretall

. . . k RS : t
e . . : .
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T

. : _: ‘ B

this-batten-has leps(see ‘Figure 7.17].
rafters for76" glass Iom,lhs Consult a structural engineering
table for larger spans.’When the framing is built, take care

that the rafters, top and bottom rafter plates, and any other /

surfaces on which the glass will bear'are all in the same plane’ /
Af the. framxnb surfaces are warped, the glass or the factory
'seal may break whern tightening down thc battens. Again, pr(mo
“and paint all. wood surfaces before glazing.

Use thre
the {)ouom The blocks-available from glass dealers or in-
sl.xll(-ra must support the edges of hoth sheets of glass in the
uml Use butyl glazier’s tape etween-the.glass and the fram-

Lingfor hedding, and bv!wvvn the plass and the battenfor -

sealing. Pre-shimmed glaziers tapeis recommended foruse
~undérthe glass, This tape contains a small cord of neaprene
which prevents the weight of lh(* glass from :compressing

_the tape-too much. (Ndte that a 46" .76 double patio door
lite weighs over 150 Ibs.) The tape comes on a toll and a5

available from glass dealers or installers~1t is quite sticky-
and will squeeze out between the glass and the wood, and
also between the glass and the battens when the screws are
UéhtCVJCd For a éOOd visual cht‘cl\ on screw t;&,hmes tig,ht'ﬁn
batten Mt Aot contact the laf‘ter ‘ A
The alummum Battens_sold by }\a)wall (cherl\ Resource
clist) are mmmmondod becatise!

4

“the bottom- -of. the batlen in the! lllustratxons] prevent the bat-
ten from hcm-omm;, wavy and ensure that it is bearing down
llghlly between the scrows. Slmpl(' TEX Y alumindmthar,

Cstock may.be used iniplace of this extrusion lml in Um( case,

SCrows are mqnnv(i every six inches instead of evry 12 inches.
17X 2" wood, battens also have been. Used - butwarping-and
A be-a problem + 1 you dg use. awooduse a rot

Cresistant wood and/or prime and paintquite.c arolulfy Do not

usea batten on the bottom of the glass as this will cateh-
rajn and snow —the side batténs will hold the glass in p]dCE‘
securely. : T

Use of’ conwmom\hardware st?re plated screws is not recom-

[ B Y . ! : LR
: 5 l T

Use minimum. 2 X 6% -

e neoprene setting blocks under each ;_,lass umt at =

"mended with aldmindgm The
o alumj pum and thé ;)Ialmn \ull cause corrosion and ('V('nlunl
/ destfliction of the connet tion. Slarhle-ss steel screws, on !hv
" other hand, will notreact with the dluminum. Although thebe

JSCrews are expensive, not many.are required:-lt-has been suz_,«""
caulking: between

gested that a small amount of silicone
“plated screws and the aluminum battens would be sufficient
¢ to keep the two fram touching- (and\hence from L,alvam(“ally
sacting on_one another), -but this is mky at best. Predrill the
battens to the shank size of the screw; then, with the batten
in place, drill the-holes into the framing. 1o the screw. slmfl
size (See Tigure 14 for t'\p|.\ndl|()n of “shaft” el shank !
\l}!‘&)

Thps-are used as fasteners, sr';\'l unc!m‘ llw r)u(‘r*r
edge of thv plassavithosilicane, anilosese
surface of the clipitseli 4o cushion the glass”:

Undgr-the bottom - edue ol ver tical ;,ld/uu, |l is mum:l.ml
“toruse-setting blocks and to candk-the inside Thus, condensa-
tion will be channeled away from l’h«-'mm)vo in the woodl.
Again, the vertical batténs (on-the studs)awill be sufficient
to hold the bottom “edge in place.: The aluminuin flashing
should come up just SllL,htly bohmd the g_,lass so s ser ur(‘ly
in place. »

Horizontal joints between two Bla/m&, umls (FigurC 7‘1 7)
will occur only on long rum.ot nlas\ The slllroné «;eal‘ant

unit (7 17) Put a me ‘J,}" spdcvr (su(h as a nall) betwcen
the units near each udg,t’ and use-enough dilicone caulk so

that the silicone sticks out above the glazing. As soon as the
“siticone is dry trim it with a ahnrp razor blade saitis flush with-
the exteriofsurface. S o

The flashipg methad: requires some pntlom e wllh be n(llm,
the aluminum flashing, (A sheetmet tal:shop (Oul(l form these

gy over the bottoni

parts for you.) The flashing should flt 5
ol tho upper glazing unit,
. RECOMMENDATION: |f appearan
“views throggh the geenhmne&wmdo ;
use Tactory sealed tempered glass. B

galvanic action between the

Lo

A

.L




lem in/your area, and you are trying-td keep material costs ,

< to.aminimum,‘consider a different glazing option.

. ,l’f

SINGLF LAY[R Ol' GIASS

' In. ve,ry warm: climates, where free7mg weather 1§ infre-

quent, one layer of. glass is sufficient for a.solar greenhouse.
Or;.in cooler climates, a smgle layer of glass in combmatlon
Wlth aninexpensiyve polyethylene glazing may be used::

. COST: Single- Iayer templ‘red 3, patio.door lites should be’
available:from-a glass digtributor for as l|LtIe as $1,20 ,per. -
square foot, Double- stronyth windoWw glass

single_Jayer) can
cost quite a bit less, parlu(u‘lnrly in case lots. Installation hard
ware ¢osts are the same as lor double glass units. |

LIFESPAN: Glass lasts mclohmltely, unless it is broken. llow»,

ever, untempered. glass should be. used only .on a verticalor

near—vcrtlcalmall Commereial gron g,rowers with large glass green-

houses who use tempered glass roporl up to ten percent'break-

“a o age per year “Untempered -glassis not locommended for
—shallow=sloping attached greenhouses

N
LIGHT TRANSMISSON: Light transmission tl‘lrc»uz5 ,the

“glass itself -is, 87 percent. The more frammg you use, the

less is the-overall transmission,

lN?TALLATION All of ‘the detallrs presented for double—e

factory-sealed’glass units-apply to 5mgle layer-instaliations —

- simply decrease the depth of the rabbet. For ¥/, tempered glass,

(1 1L>
élLA"bz ?[J\'? ;7|Eu_,
quxzxsp(fﬁ NEO-DENE

Tepe ~ -

é ‘2.%4)

GLAZING DETAIL.

B

o «Robertson SCrews*” 3

CORNEE. - posT
DETAIL. oy

PT TAPE HEEE

AL /ELLl

use arabbet depth of ¥/, The depth shouldibe such that ther"f‘

“ batten will compress the glazier® s tape above and below tho
Cplass. - NI

4

In.Solar Greenhouse Guide for lhc~Northwe<l nn O\cellont
single-glass installation is detailed (Figure-7: 19)—»lnste\tl of
.rabbeting grooves in the. stud Ecotope recommends vking a
-square neoprene spacer in the center-of the studs, g,lauer s

tape under the glass-on each dide of the necprene, andsa wood

batten on top fo compress the neoprene aind the tape. At the
‘bottom plate,

‘/_z." wooden dowels support each/ piece of
glass, and silicone'i is used in place of the tape. Drawings from

- -Ecotope’s book —which is highly r{ecommended,xpartmularly

‘FICURE 7.19 lnstallati‘on detail—single layer glazing

sion. More (omplete details can ho lound i {he l)ook

| N

for warmer cllmatev—ﬁrc reproduced here w1th their plrmis-

DOUBLI: GLAZED, PLASTIC CO\’[RH) REMOV/\Bll P \NLlS

T Doubleg_,laze( plastlc covered, removal panels can be
to convert a'south-facingsporch into a t,reenhouse or sungpace

used

or as remavable glazing on greenhouses in warmer-climates
Many older, houses had. window: frames that fit beryween
the porch root and floor Dependmg on its locatlo , . the




Lhe wmdows were rcmoved for the summer. - lf you ha.ve a
prch that faces anywhere from southeast to southwest, you
may, be ahle to convert it to a seasonal g,reenhouse or sun-
space by using removable panels.

~Since the glazing will’bg vertical, ‘little'sun WI” penetrate '
the space in the summer, Thus, the space will be usefulasa
greenhouse only. i the spring and fall, unless you insulate
“the roof and floor and install heat storage for winter use as.
o WF” Nonetheless: the sp’;ace can be quite useful for extending
I food produchon season, Scedlmgﬁ can be startod in the

msulatocl ;,la/ocl in porrh can by rvmmkably warm sun-
space‘on a cold, clear wititer day: Removable glazing panels
~also are useful for renters, ' wheo would like a greenhouse but
do riot want-to spend alot of-money .on someone else’s -property.

\ ; . o
Removab] glazing panels made out of plastic and wood » A NC‘“('iHﬂnlwshlre fdml/)' uﬁe's oubff‘gh;’e( Loy S¢ ; i
i \ patio doordites tomaintain theirview to the south(a ove In
been used with sem uce on gree nhous in the . qu,on(belon) aum\lu layerofglass provides anatiractive.)
mild southeastern United States. Operators are able to start > glazing for a frontyard greenhouse. Notice how md,ch,ng\,(/)nh

vegetables quite e carly”in the “spfing inside . the closed-in lsusedfo lntu::raleL‘-?Chg't‘t’nhouseWIIh the 'tmgsrructufé'
greenhouse, and then the greonhouse is opened up to.the : :
- outdoors when the danger.of frost is gone. For more infor-
mation, check the Federation’of Southern Co-ops green:
house plans, referenced in the Resource List. : '
. - COST: Four-mil polyethylene costs abolit 20 per square toot
Fonlr: mll,vlnyl can cost from 69 to 259 per square foot, de-
pvn(hm, on whmv and hOW' much yon buy (‘\/i vl s shdrt
for polyvmyl chlorice amess fareither
o plastic s usvally 114 hmm he cost of- four-nil, \(‘)V;:N the
“hestuse from thp material, pl.m ymu [ iZeto accom-- s
~ modaw the width "of plasm that js available. Ix).;uw your:
costs on what you buy, not on ‘what'you use, Generally, vinyl
“is available from plastlcs' distributors in nhumt( ities, from

] arcduaes chnrag falt gnua L,/QD_J At n\'nnniu\;n fh”p:

(RS

'

y

e L COSTERTIITTATERS TAT50 SNoa_1ncuae. MWOOG QR EAMes-ang
e ﬁtops hooks and eyes (four per panel), little p galvanized nails




of - va‘nous sizes, pamt, and L rolI of tap\e for patchrng and
requrcements C

; LIFESPAN The wood frarrtes will last qurte a long time lf :
theS/ a;e kept painted. Rolyethylene may last only one year. .

x - Vinyk which costs mor? will last uf to three or four years,

dependlng oh whether tf" coritains UV inhibitors, and on the
~~amount of expOSure to wrnd sun, punctures city pollution, .
ete. Four-mil (004" thnck) vmyl is adequate unless it will get k
bumped frequently in whrcH*case six-mil_is preferable. In,
“‘most locations, two. Lypes of vrnyl should be available —you
Ij _should buy the more flexible type for building glazing panels.

"~ TFor longer- life glazing panels, FRP:glazing can be used i
. place of the pl‘%stuc films. In that case, use a 2 X 2" frame in-
stead of the 1 X 3%-suggested below and follow the mstallm ;
“tion-instructions: préviously outlined for flat FRP. i

 LIGHT TRANSMISSION: Two'layers‘of plastic transmit 70
1075 perLent aof: the’llght striking them. Fairly: large frames can,

be made ‘with:thin wood, allowing good overall light trans- 3

_mw;lon Also, vrm7|~|s qloar enough to permit a roaﬁonably ,
good view throughalt

and.- supports ‘onto the porth floor or railing, as needed; 2)
Cons uct wood-frames;3) fastén plastic film onto the wood
~ frames; and 4) mstall the panéle onto the porch.,
:Install stops: (and posts - if- neccssary) beforc buxldlng the
pnnels This way +he panels can ‘besbuilt to fit the available
S “spaces. Nail small stops, onto the floor orrailing of thé: porch,.
L mup the pos(.s,,and acko tho ceiling 1°% 25 make fine stops,
“although an (‘V(‘H small(-r piece,of wodd; stich as %" artér
rouncl\, \vould work. Stops: should be najled’ as’closé to'the:

-,

~outside edge of theporch railing of. porch flpor aspoisible to L

mlmmlzc the area where water can- a(cumulato If ‘the re—

, malnmg, “lip’” catches rain, yourshould bevel it to shed Wwater |

“with airaspior. a plane; then sand and repaint it, Be sure to

o install the floor stops so.rain: ‘can dram off the porch when
A the panelsare’riotin place;  * %

" You! may have to add- posts between the e\rstlno porch

' posts Strarght and dry 2X 45” are frne for thrs task, Prrme and °

INSTALLATION There. are. four basrc steps 1) burld Qtop% =

palnt the posts and stops to .match:the porch as theso plecc\s :
‘will be in place permancnt(y As alway use L,wlvanwed
-naijls. =
. Measure the spaces tor each panel carefully~old houses
are rarely square —and make: the pangls 3, less:in herght and‘

“width than the meas,ured openmgs 50 they will fit ea;rly

Three sugg sted methods: for bunldmg the frames are 5hown
in-Figure 7.2(Q. The dowe]ed and the lapped joints are stronger
rbut the stee reinforced. Jointialsois: acceptableiifithe panels.
are handled/carefully” The stéel reinforced joint may be‘ asrer
“to burldfo people with re\\QLarrientry skrlls o \ .

For sm. lI panels ;~ less lhan 3'.X 3’ o the fmnWs can‘ber o
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7 made wnh 1X2s and tor larger panels 21X3s. 1fthe pangels are
. Iarber than five feet in either height or: width, a center cross-
© 1 ‘memberis advisable for strength. Panels lnrg,erlha 1houl() X ‘
N 5hou|(\ be ffamed with 2X2s instead of 1X3s; v
' “The waod edges should be smooth and unabranve ag,amst .
= the vinyl, ’\Sand the_edges if necessary. Rainting.ithe. frames
will maké them last longer and will give the whole job a neater:. -
‘ appearance: White is the best color for'reflecting light into
, t/he greenhouyse, and keeping-heat off the plastic ias muach as
powblo The\plasticwill last longer if it jskeptcopl .. . .
To stretchrthe vinyl or polyethylene of the frames, s6e Figure
7.21 With.a little care and effort, it’s easy to g get mu\ly stretched
plastic 1 you m}» doing this durm;, virry hot weather, don’t
pull the plastic as tight ay [)()Sblhl(‘ The plastic will contract »
in cold wmthon anci may splhit if it s oo tight, At around ‘
: . 60-70°F though, feel free to
3t teh it tight. The vinyl will .
sap-abit asitexpands in vory
hotwvathor — this will. bo a
prob]em only if it gets win-
dy..  The panels should be
removed in hot weathe'r,
Tanyway.
Ase four hooks and. eyes
“oneach panel (one neareach .
cor ner) to_hold it in place;
| more may be necessary on-
- larger pane!s to hold lhem*
securaly? The Pyes ‘go-in the
stops,, the porch postsand,
' the ‘hooks. are
e panels, lhmq

S S

Csxx :
ERAAMING A

| fastenedto

. “hooks double,as handles ta 1
Jox S pull the panels i tightly: o
P - 171 and.tHe eyes aren’t Dbtrumve
‘ : e ‘on the porch when the. pan-
CFIGURE 7.22 Sketch of dOOr panelwnh els.aren’t there; Before dril-
nam,ngbrace S lmg holes for theu k_}hooks,“




' mn(le from either™palyc drhona(u or.agy
Cclearplastic 5 are extruded to iorm Ion;,, nnr\row air channels

FCRY

95

4
W

,.p[plece of tape on tne vmyl ‘or: polyethylene 50- that
e de '-tenlarg,eltself e =
""Aiihrg&é'hihge’d‘panel can b

“tom stop,-and use a. framlng brace as ||Iust{ated in Flgure
7.22. Also, you should hirige at least one, panel fora vent if
-fyou plan to use the sunspace for growing..

LIFESPAN n \O years. Acry]n:s do-not yeﬂow .
LIGHT TRANSMISS‘iON Exolite.diffuses the light that comes

" through: it somewhat, espeually early:and {ate-sunlight, The

RECOMMENDATION: Plaﬁlxc covered removahle frameﬂ

are used to convert southerly- facing porches into groonhouses

or sunspaces, or for removable:glazing for warm-climate green-

“housés. They are especially suttablc for renters. -Don’t use
plastic-covered, r@movable frames bn.slopes less than 60°
unless precautlon is taken -against water Ieaks RS

POUBLE “-WALL EXTRUDED
(Flg_,urew 7. 25 7. 24 }-These d()ul)‘l(*'g,llf

are
The

materials
resing

Ring
ylic

=

between two separate sheets: Polycarhonate plasticds quite™
tough, even (f igher than FRP, and some formulations are
very firesrelardant, For
are sometimes used ®urban uwnhous(w Only one particalar
brand of the acryle material, Exolite; is discussed here, but

the proceduregare similar for ()lh(‘l mnnufa( Lrers” m.mqmls

(see Resource l.,,M) 3
SEsalite is af-ultfaviolel- l('\l\l(lnl acrylicresin that 13 v\tru(iv(i
ml() a cetutar (I()uhlv plazing (Fi ipure 7.24) llw material 41-

veselbisrather expensive, but only a small amount of labor: Iq
required Lo astall’ itwhen the faétory-made mullion:extrusions
sare
. ssder using this mnterml Another redeomlng, feature of E\ollte

I his, if .your labor costs are high, you might con-

is its architectural attractiveness.
Vobxoliteand other materials, like it are relatlvoly new'in the
although  they “have been " used in.g “Buropean -
grwnl'u)umﬁ since 1970, .*Exolite s available in 4712 X8’, 12',
16" and 20" sheets from CYI\O lndustnes (ch eck Resource
List). :
SCOST: The cost is about .‘5231,(‘) to $2.50 per square foot,
plus . shipping and the ;11;‘1111i111‘i131'/|’VC mounting -extrusion
. " st ~ . b

mission,

mafufactarer chgms 83 percent light ‘transmission through
this double-layerec~material ' This estimate, though is prab- |

_ably for brand new materfal with light shlmng, durectly per- |

pendicular to it. Since the sheets are avide and strong, fram-'
ing can be widely.spaced, allowing good overall light trans-
Thé polycarbonate, version of Exolite sheet, recom-
mengded whefv superior impact resistance ‘is requured tends 3

to’ Iose about 1 percent light transmlsslon per year. 7t

Ulation-is_relatively snmple However, because acrylic plastlc 8

INSTALLATION: With the aluminum/PVC extrusion, instal-

expands ‘and “contracts considerably. with temperature

~changes, a good deal of care must be taken during installa-
~tion to cut the plastic sheets to the proper length’ The method

these reasons, polycarbonate, glazings -
B

described below uses the aluminum extrusion on mp of woad-

rafter framing. The manufacturer suggests spveral “other
methods: one of whichuses purlins“as the only suppor(’f()l
the extrusion. (See CYRO's literature for d(\ﬂmls )

The extrusions are not prednlled. Thus, ¢ ounter- bunk holes

need. to be drilled through the alummum extrysion, one

per foot: dltematlm, sides, to:mount them on stucls or rdfl(‘rs
Ong- m(h countersunk \t.nnlms steel wt)od screws arefi

for use with wood framing. The extrgsionsis screwed down'to

the framing underneath. The framing must-be built on feur-

~foot centers to accommodate the 47 % ” width of the plastic.

- To eliminate any exact- lengthsizing, CYRO tecommentls,
to install- Exolite sheet with*’ floating.top ends; covered by a’
aluminum flashing as shown in 7.23.. (See also manufacturers
instructions):: 4 ,

Also, for sloped applmatlons usmgz thc shown. PVC AL
glazing system, - no glazing bars are recommended to b&in-
stalled thorizontally at-the eaves. “The lower ends of Exolite
“sheet are closed ‘with the, mpplled ATS (alumlnun terminal -
section) and P\/C /\L mulllons-arc msmllecl |n slopc direction:.

i

i
i
|
|
|
|

K i

i




TR e L e L
7- e ! “ : . N
’ : LEXISTING _S/D/fvaﬁ—'% '
— \ , EXISTING WALL - -
g P - CONSTRLUCTION ’
; FLASHING -
AL-16 (NOTCH AT SCREW,) —
RS : :
| Coa F12x 5" 74P SCREW ————— A PO [
e - R e 1 7
' L PVE CLAMPING BAR ——
| PEG—i- 4
 RAFTER — e
- 3 s T ; ——
e o = T EROLITE SHEET
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. 4 OO” center to cemer To keep the-glazing material from
iy ‘S|ldlng down,* alurnmurn faslenlng .angled are screwed into |
- * the lower ends of each: mullion and a retaining clip is located. .
~ “atthe lower panel end’in the .mldclle of each sheetto secure
‘Exolite from lifting.

-

For vertical applieations the -PVC AL gla7xn’g sys,tem ‘can be -

used to frame Exolite sheets g 4 S|cles,

8 feet with a top clearance of . § inches,
* With the protective covering:still in Qlacv on the sheet, cut

the Exollte wtth alz tooth pcr~|nrh pfywood blade ora 6 tooth:

up to panel Ienglh of .

. Use astraightedge to ;,urdo thc saw, Wear g,ou,les arﬁi ear
—protectlon because little chips. of kot plastic can he thrown' at
“you:and the cutting makes quite -a bit-of noise. Vacuum or

“‘blow the sawdust out of the air channels and install the end

.+ caps provided with the material.

Py

botwm‘n the :F \olm‘,‘mcl the « vnlvl part of the extrusions dl

Center the [xolite.in the opening-using. tompomry shims .

) i

the lower end of the glazing. Peel off the protective paper
- .coating. Carefully hammer the PVC extrusions on the vertical
extrusions.using alarge'rubber mallet,-or.a wood block anda
metal hammer. This mist be dome when outside temperature9 -
are above freezing hecause the P”% :
‘ifi'the cold: Then remove the shims. Silicone caulk the joints
Bl
in the PRY extrusion. It is not recommended to caulk the:

~~ edges-of the PVC where it touches the Exolite. The exposed

“ends’ of the horizontal extrusions can be capped with small"
scraps of flashing and caufk.

Togsupplement these instructions, get-any, avmlablc lltor— ;
aturefrom the manufacturer, *

RECOMMENDATION lt Iabor is e\pemlve appearance is
important-andfor vandalism s ‘a problem, use these long-
lasting acrylic or polycarbonate plastics. But if you are trying
to keep materials costs down and prefer to see through the
;,reenhouse glay\m;, consider a different opt:on

WI” erack when hammered

: 4 7 L P - O b i : : : ol
! N ‘ . : 8 // e \\’ **CA(.«L( 3 : .J Sy
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. : V CENTER zz/wfw,w - i)
COUNTELTINE £x;;eaf/3,m : . 1
i s STHAINEEST STEEL (PPC-AL/6)
; TCREWS ALTECAYTING Lowtir e cwpwens WA
N YOES —AZT0c o EXTeAr1oN 2rrial
P . , ~ . SRR N , ]
i S T 2XE- UL
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) g FIGURE 7.24 Cornerdelail = Exolite glazing using PVC “aluminum glazing system motinteddirectly on studs
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i 3 : g
- v : Light transmission ! . ;
g : } percent 0 e
P - b e o ,
; Lo g T | Single Dguble ' |’ 1 B
Glazing ; Cogtlm‘ o .'Llfng/pqrr*\ VVVVV - 'layer - layer Commen 5
s 2 5 : ; a
S 3 s v = M 5 - ! Look for wmdows';n decent condltlon = T .
) saEm - el : £k recyclingirepair eflorts.can:becqme excessive,
Recycled ,MWS | 8.25 — $2.00) f*léld-&l.'l‘“e (" not 15080 25:64 should be uséd-in verlical installations. 'not lon
: g e = : T roken) e 3 sloped surlaces breakage (vandal«sm) can be
? B = . i . +a-problem;
‘ i i ¥ A The lowest cos! but leasl durable optlon rnust
. : I G = ‘ be replaced periodically, but allows: Nexibility
Polyathylene 03 .~ 10 one "~ two years - | 80-80 60-80 on a.more durable replacement; ‘is easily lorn
: F S s . ; or.poked;-can’l see Ihrough = no vnewmg
: o good i inner glazing: opnon
SR S e — 20 years . T
: -reinforced ; . ; ) Medlum cosl medium lifespan; yery sturdy-—.
s'lg:{‘g(ign%),, - 70 — 90 q{eaﬁﬁ;‘d::”a%:';nd ] 8590~ 72-81 offers -good protéclion. against vandalism;.no ..
. . B e env:ronmenl) p] G s VIEWIng will eventually need replacemem
F ‘ o _"‘ Mosl expenswe ophon Dul thnfly bargains.can’’
toan?]toerrypgogcl)%dble- ) : mlngehnlle; seal lasts 75 be found; breakage can be.a drawback; o
! 1 p | ‘2.50 =600 IWo = ‘twenty years A allraclive appearance otfers good fesale value
g ass un is : EE good viewing: -
)
Slngle layer, e 8 RN S . Good single glazing oplion »r;'wwm;cli nales
tompore glass . 1.00 = 2.00 Indelinite 85:90 72.81 0qd single glazing ophion 1. wa mates
v ’ I L ‘ L e : : “Should e used on verlical-or near vertical,
Untempered glass- 60 ~1,00 \'Indetinile 8590 % 72.81 walls only; breaknge.is a drawback. good
: i ' DA o ‘. vigwing: R | .
: - y _ S o ; L [
L R P ; g s
Double-glazed, ' S Bep(?”s;e":bp'ab"'c ' : Godd temporaty, rewalit oplion‘for renters in a ;
| ;plastic-covered, 25 150 5? FRP. VIOV‘lf ot 60-80 4 warm-chmate:i.e,. .enclosing.a.porch.to.extend
removable panels’ o ggey i four yggrs : . growing sdason; nol for year-round use. |
Bouble-wall. : o : ‘
extrudad acry"c 210 = 2,50 20 years mlrurnum . 83.(new) ’ Allrachve and sturdy but’ falrly expenswe easy...
r.(EonIle) ? : P : o 1o install; no: wewmg :
Re‘cycleﬂ 61788'8 T i : . *{\fj' TR Be prepared to:spend ‘umewand laboar: to
roenhou 257,200 | Indelinite B0:70 0] 36.49. Tecycle materials properly; breakage isa
9 8se L : . drawback
,,,,,,,,,,,,,,,,,,,,,, i .
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$ Glazlng materials only = N0 havaware cosls inchided:; esnmalns Dased on Spnng 1979 puces

it Parcentage includes compensauon for !rammg mamnars af other nansmussv?n percenlagas
-are fof gfazmg malunals only
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~worth salvaging.is tlml they w

cof old
‘b(" hll(l

o ()sls f()ru'(l ()p('ml()rs ()n( of Imsmvss N()w owners are
; (m\(mus (0 h(' r|(l ‘of the p()l('n(mlly hazardous re-
“Mains, » )
The reason the ;,rvvnlwuws are still standing and still
» buiktto last. The defailing.
ypross and CC(IM wood often®

and choice of m
“were used —were (IL
SUTHCHITE i

: (‘)|)'(imi'/("(, :
Hordarge [).lsslvv vent opunm;,s : 1
The pieces can be reassemblod rul.uivuly‘m‘sily for use’
in an_energy-efficient solar greenhouse,
careds lakenan (lmn.m(llm, andattention is paid to-how
the pieces were origi sembled-A-second plazing
can:headded on the the glazing bars without
much rlllll( ulty
used. : :

llu‘ " y( lt‘(l proenhouses offer notonly a (h‘nmmh
appearance bhutan excellent example ‘as well. /\ll 2reene
house builders should study the ¢ raftsmanship in the de-
sipn and construction of these durable,.ald ;,u‘unh()us( 5.

Thé following illustrations are u'pm(lw ed (With per
mmum] t\mm 049405 Lard and Birnham catalogue. (L&13
is ' ‘the larpest commercial preenhouse com-
panies) These preenhouse delails are justia samplingof’
the.many designs Trom years apo

<2you (hsmlmll(‘ th( AT pm;)urly diid ¢ : nm
“semble the unit
< should Tast indefinitely, except.for glass brmkn;,«-t Scrap-

“to prolong presgrvation of thiswood and steel:

if reasonable

;El.lsS or ;)()valhlvm- could bhe:

old preenhouse faming
L here,:

i

Noto rh(‘ attontmn to ﬂl()pm;, surfaces nh(Ho the romovnl

of rnn(lvmatl()n )
i Igg!sourc
in prt'p.lrlm., thls section nn(l -Hs u/\(vllvnl work |n re-

Coputty and often glass wxll lmvv to be pur( hdwd toreas -

LIFESPAN: If- redssvmklvd corfectly, the. nmu rials

ing off old paint and putty and repainting is ni

LIGHT TRANSMISSION: l’mlml)ly about: 60-70Hercont

of the, sunlmht isaransmitted through this systeny’sMipht

‘l‘lﬂl(‘ construction. “Note the dimensions of the },].l/_llu,
lmn !

INSTALLA'IION When (hsm.mlluu, an okl ;,ruunl)(mw,
1ote carclully the.way:the pieces po together

distances between glazing bars, betwden purlins, bet

support posts at the edges and in the interior, and ma
sketches “with “dimensions ™ Note the  way 2 the venl :
mechanisms po nn,vllwl, apainwithsketehes, Notealso
the svay the gableends meet the.rool, how the corne rs
are puttagether where-the pails<re pul and thetover-
all (hnwnsmns of the L,rw-nlmuw and fmmtlatmn Don't

hurry el o

RECOMMENDATION Use recycled ).,l'l'(‘ﬂh()ll\»l s if lln-,

~ostructures areavailable and i yousare ;m'pnrt‘d to s;wnd

the time’ (and 1abaor) to recycle the materials properly
Don"t userecycled: ;,w(*nlmuws ifve m(l.lllxrn 80l pr()l)lvm

®

and labor isexpensive ' ‘ S




No Bars To'S‘h‘fi:e

54 VES You TROUBLE ,Moﬂ_f’y

1w, gl‘\h wihedded G0 Cpreenhouse glazing compound,

AL 3T No 2202) SNo ntbs“are used (o hold ghe glasy'in

e A e 0 glask el Tighter grageglazing compound

Al W No 5503 S apphied on the Hace, “as illuatyated

The Aluminuin ¢ap s |h«'n hr(‘ I\'d in this compaund, and held

i place with u.ll\' b screw which iy ||nnl\m| fnun lln
Aluminum by-a b washer.

Ihe capy are e k.\nu Tengily ay |ln Iu\lu\ of wlass, .\m} lap over !

one another. as-pidgtured Theapper ead

p farms asaolid
glm stap hu the Jight of glass | .\hu v
l

hield fiemly in
. Hm raised hmx an ‘the

1udn ol the mxl x‘.m up the”roof su lhr gl.ns is sp.md nunly
right
“Cam are luvmsh\d (ar glasd 18, 2000 24 inchey lun;, up the root

|
he glazing as started-at the cave—sone course at a time, T he

€aps are il an pl.\p' for vach conrde as you 89 Caps’ate aint lur‘

sshurt he .nlu orother mhl lights

»

1 bedited i
# g Compmnd

"8 B S Gauge, alloy S

Cireat '\d\'.\n entsin greenhouss
construction fike the new Alumit
aum-capped bar dooet just bap

¢n. hut are rhc nsuks of 'ﬂJﬁ\

n’mwr\*amrics /\uih mxlsundx 'y
SULCess ' !

The sfirst ‘greenhouses desianad
with “an Saluminumcapped bar !
ere budlt by cusTin 1930t the
h I\«)nm( Ciardens 2at - Wash:
ingtoh D COGaps only half the
shickness2of the tnewaabuminum
harcapiwere e, Now afteril6
AL, rnnnh wuhuut mainte
nanee, ‘they are as good as v day

they awere |n'i(.1“f\]‘

S D\jli;'(

The metal-used for The r\c\‘ '\lun\mum BarCap
.. which s the most
corrusion Crespstant of - the uu)nh aluminum,
alloys, .

Repairs arg Easy in case 2 light of :glass s
broken, 1t s only necessary to take but the two
screws on eachside-of ~the-broke
loosen the twoiscrews'of the cap dire
lift up the cap .with the point of a chisel! 3
and -re-ser the glass as wsual “{t can be déne just
as quickly as with the usnal grnnhousnlghzmg
which is held with nails.

Not:A Cure- ll|~lhe new :\Iummum bar ap

v

Sing ﬂumg {TET \)nly lurnnhu] wllh new
stfucnion sand tor “existing ‘greenhouses “which
aretobe enutelyiréglazed a

Lhere s no use to put-ainew . construcfion

overan old worn out foundation, Old putty s
Cusually crumbly dulking out and - washing

away and atwillcantinue 1o do so no. macer
show well it is capped on the top. Condensation

push ‘out incold “weather
caps could be put on the nails'would have to be
pulled:out and the glass pushcd up or down a;
little 1o fit ithe exact:spacing which would bela

very dlﬂ'lcult and ampractical job,




zshown hm are of \’ual importance to mmnlaln
ng.li d Jow operating costs in any-greenhouse, mnslrucuon
“study of thede will show how carefully rach is desig ed .and
manvfactured in. 1. % B Scmi-lron construction’ for ‘the hig job’
it hay tordo on the glass suructure, They were developed ‘out of 82
years experience an designing and mmuhnunnu gmnhuum
)mlr snsurdnee of 3 s P

- f—“'__—__'\
Angle Iron Purlin “Theres no
thanes e the opl bars 1o il
. be mpropery spacal will
this purhn Moleg (e the screws
thar hodd ths hars Teghtly t the
i Csnndace ol e purha are

l punched st the nght antervats

Malieable ‘lran Exve ‘Lu
Ble fiomg o one
auly,ul-rveey pos

¢
catson of thee antportant dcu;l‘ on the green-
hovise st rudVare T argus seale lustrations with mn\phu dedideipuions
apprar un thepiages thagMillow, \
! ! d
. " : \

L) Master Combination Eave m.z.-, D/ Gt and
s Gilasy Stop L]

Y]

Roof Har

) Gable Roof far

Dnnlrn Anl]e Eave f'lule
Master Z Sill

O EE e D the fitings o sron @
sheet ool dang it el drapa
roled metal o fmade o1 Beavitatat o m,m.\

(3) Column Trins Fisting
5 ity

- C ..o L&B FLAT WROUGHT IRON' SIDE POSTS
@ Strut Filting ik -
R “ . Ak et grecthouse consti
. . : - tign Broot that didy Tast can be seen v afy
@ Vent Header - 7 : et 0 BeChreenhiode that s been standing for
. . . . 1 vedrs or mote) Below the ground they may
A 8 c have a shghe rust saale on the surface, but wou
@ Ridge and Ridge Cap [T T will find they 31 3y strong as new &

/ ot e Steel posts, will notAast. Al vieel pasts whether ~
a fat. chinnel, angh or pre must be gatvanized
. nr[{h‘\ wialt ruspaaway from the constant mois
tuke trom condensation Tpside a greenhouse

.(T); Ridee Anchor

@ Steel Ridge Bracket
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| ChapterElght
,_ ;VENT“_A-“ON
. AND
COOUNG SYSTEMS

102 i B

I

Vent|lat|on and coollng systems in.-a solar greenhouse are

integral to' maintaining a good growing envrronment as -

well as\comfortable stunspace. Cooling is the more limited—;
| toplc since it relatesspecifically to maintaining interior tem- -

L peratures below some critical level at which crop produc- -

t|V|ty drops\ ff or-plant damage occurs: Ventilation, which
helps limit excessive "heat bLnldup inside- the greenhcuse satis-
fies a numbor of other needs as well: It furnishes plants with
fr()sh air, provntilm, the nocess‘hry CO; for photosyntﬁ"esls
mixes greenhotise air that woulr\ otherwise stagnate around
theplants: and reg,ulates the interior relative hunmll(y Good
“ventilation also canp-aid in plantpoll nation; ‘
Traditionally, glass greenhouses \b ore built with numorous

small, overlapping panes of glads. T ese uwnhouscs were
not VOr\’,ﬂll’tlght and the natura!ly Ieak structurcs pormltted

tween ventllatlon needs and heatmg requirements,
Jatlon systems must be de5|gned accordmgly !
Doors, 'windows, ventsv and fans.are the mech—an sms that

prov:de ventllatvon and coolm;, Yet these same ;,reev house f .

The‘se md)vmg parts domg,ned to open and close, roqu:rc&on-
Jderable attention to_construction detail. Installations mq&t

gﬂll -sealed and alrtlg,ht when closed. Weatherﬁtnppmx

Ilf'e»\ma:férlal should be ¢ refully _installed where it wnll be
~out of the sun as much -aspossible and where it will-not get
damaged imeveryday Use.- \

Ttiis wise to install screening across all windows, doors and
“vent openings, to,keep house pests and pets ‘\qut: of the green-
- house and beneficial precisatory insects .in thé greenhouse.
What 'simore;. screens will: help insure-that.ahy msect prob-,

o
& .~

Xy .
i e




Iems inthe greenhouse Wl” not <spread to your house-
plants.. . 2
But alrtlght weatherstrlppmg and effective screens are not
“the. prlmary} lngredlents to good ventilation and cooling Sys-
tems. Rathcr it js the greenhouse operator’s responsibility
to. ensure that ‘these systems function properly. Manual
systems must be monitored frequently. These tasks réquire a
conscientious-time commitment, One day of neglect. could
destroy a crop, Diring the summer, venls must be open in
. the. morning before the sun gets vety high in the sky and
closed atnightafter the warmest-part of the day. Often these

103

|
owner té understand the IﬂtEI’l’E'ﬁthﬂbhlp between ventllatlon

-functions and plant needs.

First, there is an optimum temperature range within. whlch
all.plants grow well. 'When theinterior greenhouse ‘temper--
ature exceeds the upper limits of thisoptimum growth'tem-

~-perature range, plant prbductivity starts to decline signifi-

cantly. Plants become stressed “wilted or damaged, and may..

possibly die; or else they:-become more susceptible to insect

_operations coincide quite well with_the typical working day

open the vents before you po to work and-close (hem after
“andeit

returning home: But in the wmler days are shorter,
may be.dark and cold when'you leave forwork, and the same
when you return laterin the'day. Hence,

the: venttng, require- .

—ments will differ from your work schedule. 1f someone is at
. home all day, these operations present no real problemys; but

if you are trying to operaté a solar greenhouse during the win-
ter and all-house occupants are_absent during the daylight
- hours, problemq may -arise. Automatlc controls will help, but’

~they are,more expensive. Also, if you are using the gree house ™

“as a space heater, ventssbetween the hause and the green-

“Rouse must be operatod(offmently and ‘at the approprlate'

times.

Informationz prvsenlocl in lhls chapterwill holp you design

“an effective ventilation system. The re atlonsinp between
ventilation and’ plant productivity s explamed and alternative
ways to reduce, ventlng and cooling needs are described.

- The differencé betweeén natural and forced ventilation is dis-
cussed and canstruction details for various vents are specified.
“Also, opening and closing mechanisms are -explained along

".- with many other helpful tips.

=)

’

and:disease lﬂf@\tdthﬂ Thus, the ventilation system must

function as the temperature. g,uardmn—~r,eduun;_, excessive -

heat bmldup when nec essary.

Secondly, plants need oxygen-and carbon dioxide f0| respira-

~tion.and photosynthesis, respectively. Considerable amounts
wof CO;-are needed durinig the day, pdrtlcularly on sunny.days,
for plapt growth fo occur, and airis the best source for this

carbon ‘dioxide. Ti the airin a greenhoqse is not chan;.,ed
regularly, the plants deplete useable €O, levels to the point
where their growth begins to suffer. Thurs;~ventilation must.”
provide fresh air to-the plants regularly. Air stagna_il(jn\aff\e\cts
plant growth as well, because layers of CO,-deficient air canT
build up around each leaf, thus retardmg photosynthesis.

‘With afr movement_ created ~byventilation, thesé stagnant

layers are dispersed and more carbon d|0x1de ‘comes into con-

tactwith the leaf xurfacex ..... L P

Thlrdly’ moxt plants ‘except perhaps for succulents; prow
best in an environment in which the air’s rélative-humidity

~does not rise above 70 percent. Consistent humidities above

this,%nge treate conditions in which diseases and fungi can
spread.~A solar greenhouse’s enclosed envirofiment, along

“with .constant plant transpiration ‘and "water ‘evaporation

from the soil, often can result in 5|gn|f|cant|y higher rela-
tive gir’ ‘humidities inside the greenhouse than in the outside

LA
W

_air. Thus ventilation systeins, by exchanging inside air with, -
- “outside air, function to reduce the interior huridity and to’

maintain an adequate growing-environment On the other
hand, in dry climates (where humidity is below 40 percent}.
greenhouse plants may dry out and wilt. In such acase, humi-"
dification techniques should be used in con;unctlon “with




ventm One Elmplo technique x\ to place open LOI’I[JIH(“IS
of waterin the g,reenhouso

4 METHODSTO\RE UCE.

VENTILATION AND‘COONNG NEEDS

There are a number’ of ways to cyt down the need for
venting ahd cooling’in your.greenhouse One alternative is to
(I«""';,n the :greenhouse so that a good\deal of the summer
csun s blocked from enteripg, gOlI(lr‘fO\ ONS-Or aver-

ALAN O Ju\_u), :)v"n/\r)hu-.rl r"an 0_|) ;J\EHJ: LAY O
T

the glazed roof However. oy he s a.permanent
shade inside the greenhot Iy cliff radiation re-
flecting in from the south, itis difficult to ¢ W most plants
unless you-can rvth,(t some of the light b to the shaded
area. Thus, solid roof sections or other solid m\‘rhnn;,s‘ should
be (onslruuud t ade very little of your plynt beds when -
the sun is highest in the sky. If you prefer moye shading to
rturl.her reduce solarh in, and you build ngrhan&,s ac
' Lnftm;ﬁ in\the shaded’
¥hep-the-sun-is-
‘ /\nother :

~v0g,e[al|on H you va ln an area ot hu,h solnr |nt0ns ty, par:

ticularly:during the late-spring, summer and early-fall, your

greenhouse interior will probably overheat a lot. In such @ s

you can block out some of the sunlight ‘before. it comes in

through the glazing, by locating thu greenhouse ~where

d(‘(‘lduous trees will partia y shade it _during. the. suan e
> trees : , 0 the winter !

s only mmlmally blockcd 1L, Ideally/ tre@s fghould

placc‘d off thv \OLI("I(‘d\t .md 50U ; g

h ‘

R —— : ; 'ment WI” help lﬂlﬂllﬂll(‘ shaduu, from tree trunl\s anqi
s-protect {lf(-grom‘lmuse from . o branchox(ﬂurmg winter. . .
%1

ovcrhé.mng, By w mr(‘r, rhc fm\ es will be gone to let in assmuch i D
w,,.,h,npm,mw/,/(. - ~ | As for blocking mid-day summor sunshine, you can ;:,row

- : . S : D . \/me and creepers (p the outside of the g_,laﬂng, preferably \




on trelllses separated from’ the g,lazlng by a foot or«more.

o These; like the deciduous trees, will provide partial shadmg
- during the warmer months: and will lose their leaves.{or-you

~can completely remove the vines and trellises if the plantﬁ

*are-annuals) in the fall.

Twa other te(hmques often are used to provide some
sha(hn;, for ;,roenhouqm One is to use:semi-transparent blinds
made of woven palyester, slatted wood, bambod shades or
some othermaterial. - The blinds.can he lollvd down over the

Cplazing during hot, sunny days, and still let in enough light -

for plant.growth, [The slatted wooden and bamboo blinds

will last for many years il maintained well, “whilé. plastic

blinds or shades tend to deteriorale after a fcw \/E,‘ill'b dueto.

ullrawole( radiation exp

are most, Hectlvo if they are

» outside of (he glazing bec ause they stop the-:

, ’. rays before they enter the greenhouse. Most roll-down
qhad;% systems require simple pull-cord mechanisms to
operate’ However, they do need to be firmly attached along
the top and weighted at the bottom edge. to prevent exces-

. sive.flapping durmg wmgy___perlods Battens .and ‘hold- down

~elamps a|0ng‘the sides and bostom also work well, although

these can be; fairly costly (check the Resource Llst for:sup-
ipliets).

mqune shading, it may be more practical to suspend some
semi-transparent-material, slatted blinds or cheesecloth-im-
mediately.above the plantq to protect them |nd|v1dually from
the direct'sunlight. ‘ |

Another shading technique is to “paint” the exterior glazing
with whitewash or one of the other c0|11n1erC|a|Iy available
shading compounds. These products are. easlly app ied to the

glazing “material ‘with brushes, cloths, rollers, ‘or brooms.

Usually, they wash off gradually after a nLimber of rains, so
b te sumnier the glazing is clear again. Soap and water -

chn be used before winter.sets in to remove. any remajning

traces of these compounds. But bé careful. Before using ahy -
~ of ‘these paint-type shading compounds, check-to:see if the -

1f-you on,y have a few D@Ils in the g,reenhouse Wthh

iy
\

"

:
prqduct contalns any chemxcals or chemlcal compounds. tha$

‘ would damage the greenhouse gla?mg or caulkmg Whlte

rapi deterloratlon of plastlc tllm and flber—remforced plastlc .
surfaces. 'Thus, it should not be used on these glaungsy'
Whlt(\\gash also can react with-many surface paints and'various. =
putties used to hold glass.in place. /\ddmonally when these
vash off ‘or:are washed off they may eventually
me concentratedsfarm in the soiladjacentto the
ectyour lawn and ;,arclen Don’tuse ha/nr—

solutio
(‘nd up

THERMAL STORAGE — a hidden cooling system

‘A

[t may seem odd but one way to reduce the need for:

Jventing and. coolmg your greenhouse is to add more ther-

mal storage. It helps, and here’s how: The more” thetmal

mass inside the greenhouse, the more excess heat it can

absorb and“store dt\rlng the day This excess heat is re-

leased when ambient temperatures are cooler-—that is,
“lat night- \ e ; -
The process is simi ar-to that whlch accurs durmg, the
winter, when heat stored during the day.is used to get.
the _greenhouse. through the cold nights.- In summer, we
don’t need to worry so,much about the nighttime tem-
‘peratures; rather_heat storage is used to help remove ex
cess daytime heat 1

Using thermal mass will not ellmlnate totally the need
for other venting or cooI\Ing systems. |t will however, re-
duce the amount of ventmg or coohng required.




NATURAL VS FORCED VENrTlLATION SYSTEMS

Ventmg -and coolmg € hmqu generally{an be dtwded T
into two categories: natural and forced systems. Natural ven- o '
, tllatuon is perhaps. the 5|mples nd:least expensive way to
“‘vent a greenhouse. Natural systems can rely on the prevailing
“ winds surrounding your greenhouse te-induce natural “air
movement throughout the greenhouse, or on the tendency
of hot greenhouse air to rise naturally, Forced systems, on.the -
other:hand, rely on fans to move air throu;,h a gr(\(‘nhomo o
“and provide adequate ventilation. .
Nafural Ventilation ; ?- : !
Ifyoubuild.a greenhouse in an area where the wmd always.
“blows during the whrm, sunny hours of the day, then windows
or vent openings along the greenhouse’s windward and lee-
ward sides should provide sufficient ventilation To take best
advantage of the wind, the wm(lward vents should be slightly.
smaller than the Iceward vents:(Fi |g,ure 8. 1).1f, on the other
» hand, you build: where the wind m]wregular and undepeng-
able then you will have:to lnduce air movement by creating
“chimney effect.”
To induce natural air movement. \{ents can be placed on the
east-and: west'ends of the greenhouse near g,round level and
also néar the roof’s peak (Figure 8. 2A). 11 your. greenhouse { s ‘ ;
‘is more than (w;ce as lang as it iswide, you also-should put A ;,ood sided ridge ventcoup/ed witha long lo“er ventithat
some lower vents in outh w(1||’ at or below the h(‘lg,ht of 7 ~covers almost the entire knccwnll prowdo excellent mluml
the planting beds (Figure 8.2B). "An excellent, vana(lon is to
install kneewall and ridge vents along as much of the'preen-j.
s length as is practical (l igure.8.2C).On hot, wm(ll(‘sg
“days, with the uppeér and lower vents open, the warmcr lighter
“preenhouse air will rise out through the higher: dpenmg,s while
cooler grg I(‘vol air is drawn'in through the lower vents.
~The air ment Caused by this “chimney effect” is slow,
but can be fflClcnl to maintain accoptablo interior tomper—
atures. ' $ . - !
The Lotal area “of the upper vents should be at least one-
sixth of the greenhouse floor area. There is an optimum ratio
of exit to entry.vent areas,as well, but the ratio depends




as developed a |ow-energy

Systemn called the' t al'stack or sokar ‘chimney.

The ¢chimney (Flgd’re 8:3) rises several feet above the green-

house peak. It is about 2 ft. square in. cross-section,

o t ‘south side;. msul-?ed on the other t'hree
sides, and painted black on the inside. Air in the chimney.
C s heated by the sun, becomes more bouyant, and rises
up and out. In the process, greenhouse air is drawn into .

the chimneéy base (at the greenhouse peak). With the .

lower greenhouse vents opmen, the resulting chimney ef-:

fect.can be quite sngnlflcax providing a ventilation rate .

upwards of 600 cubic feet per minute. The hotter the
sun, the faster the ventilation rate. The Ecotope system
is con,trolled ‘automatically by a heat motor at the vent .
opening between the greenhouse and the chimney.

— T g
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T FIGURE 8.3 Solar enhanced thermal ch|mney (solar chlmney)




on many factors; mcludmb the height dlfference between: the‘k i
~“openings,-the normal ambient and interior temperatures and '
relative humldlt{es ground cover, 8tc. A general rule of thumb,

though, is to make the total area of the upper vent openings

~approximately 20 to 30 percent larger-than the total area of -

< thelower.openings.In tall greenhouses (higher)) than tenfeet),
 the greenhouse door can be included as part of the lower vents.

Inlow greenhouses, the Lop third of' the cloor can be 1ncluded,u

as parl of the tupper vents.
A o
Forccd Ventilation': ‘ 8 o : ‘
Using fans to-move air in and oul. of asolar ;,r(‘onhouw
can be an appropriate option to natural ventilation systems.
One relatively small fan and an opening on the opposite side
-of the greenhouse can replace a Series of roof and wall vents

and is less expensivesto install. Biilding tight:closing, msy

opening vents that allow nnluml wventilationzalso requires

good finish-carpentry s€ills 'which may be unavailable. An -

‘associated advantage ‘of ‘fans is implicit: With fewer vent

openings,- there s less poqslblhty of -air (and heat) Ienl\age/,
around ed;,os Fans also*can be fitted with ‘an lne\penswef

‘thermostat for automatic operatlon ; -

On the other hand, fans require energy’ to oporato and
electricity.can be roslly as well as-less rehable than is neces-
sary, A your site is prone-to even a limited number of elec-

tricity “bldckoutsduring the Rot summer months, you might
,nol want-to wly (-nllr(‘ly on fans 4o’ kwp ;_,rovnhouw ten.:
_neratures withip tolerable limits, Fans also make some n noise,
“oho.matter how, well-mounted, dnd the larger the (an the
more noise it will make: L S :

The decision betwe@n naturafian forcocl vonli!alion Sys-
- tems must be weighed carefully. For v\amplo if you have
‘todrive same dlblan(e to get ‘to your yvcnhouw it will

‘be lnconvemcnt to have to tend to vents in thé morning ancl' :
evening. In such a case, natural circulating vents with reliable”

automatic openers ax-ari-électric fan with a thermostat are
~good-choices. You will find that automatic ventilationis’ by
far a better energy |nvostmont than dr|vm5 your/ “ar soveral
mlles to oppn vents: o

0 - ‘,,
Fo optimize energy use; you must use the right size (‘!O( tric
fan for ‘your ventlla{lon needs. Conventional greenhouse

manufacturers re(ommend that" summer.- ventilation rates.

~should be'in the order of ‘one complete air change every two
to-three mmutes But-a solar greenhodise is ‘not-a conven: .
tional greenhouse. It is not-glazed on all sides, and it has a'

- large heat-storage mass which provides considerable cooling
during the day, Couple thésessharacteristics with same of:the
shading ‘techniques outlmod earlier and you. hnveag,roun—

house interior that roqmros less (O()|In1,, than a Convenhonavl
greenhouse,

Y()u shoul(l b(' abl(‘ to ;,,ot by wtlh a fan ()f bne- quarl(

,.t,;!.Q,D.a I‘, g,r.,cen h OusE
one air change
l,rounhouws that are at least partly. shaded during hotperiods,
one air change every eight to te

M,I,or solnr B LLHhOUYH wuh I|l(lv x|m(||n1.,,
every five minites should beadequate. For

n minutes is adequate *As an

(‘\amplv consider.a family-si; ;,r(‘onhouw with a 200 sq.-ft.
floor.area, If the aver age height of the structure is eightfeet,

thie total Iht@*HGr airvelume is approximately-1,600 cubic feet.
VI it were a conventional greenhotse, the recommendod ven-
\tllatlon rate for a fan-would be 530 to 800 cubic feet’ per.min-

ite(cfm). But,“a well-designed solar ;,reenhouse might only’

require a fan capable of movingair to 150 to 400 cfm
-+ The simplest arrangement for-a forced-air ventilation system
is anexhaust-fan situased ntarsthe peak at one end-of ‘the

“greenhouse and a lowflevel wall vent at the opposite end, "

The exhaust fan should “have shutters that are opened-oul-
ward by the force of the m()vm;, airwhen the fan’is on, and

close by gravity swhen the fan is of f<The vent op(*mm, ‘also.

can be built with inside Iouvers that open.under the sut tion

of the exhaust fan. Small,-good quality‘exhaust fans can he.

mO\penslve and use Tittle, electricity: A cooling thermostat’

on the fan, \vhlch will turn pn-the fan‘only when it is'needed,
will save energy and save the trouble of turning the fan on
~and off. Any electrician’s supply house can supply you with
a fairly low-cost (less than 52()) cooling’ thermostatewhich will
work on the same 110, voltsTas tho fans (called a
cooling thermostat”). o

-

"

hno,volta;:,c e




ir must be cooled

ngedb for treshaw and will transfer heat to th
'Subeequontly
negligible. - 7 s ! o

quantity 'of outside air is needed to replenish garbon dioxide
levels, and some air pre-heating may be nedessary.
air. has 1o be brought directly into the gr

(,umhtanco
shg)rtf‘pori(‘)ds; othenwise, heatloss

waork
¢oldlair. Vent operings should be situated 5o thatwhen warm
airis being vented aut near the peak of thp
outside air entering to replace it is drawn through the
or)vorluroom andthen.into the g,reonhouse proper.

the 'ne"'gd\_.fvor‘ ‘ah _air preswarming

For treestandmg greenhouses thoug-,h some /minimal daily

[f. cold:-
Penhouse brlm,
ighér-up where the greenhouse air s tl/m warmest and
I(J alr w|II n(;‘ come-into immeci confact WIIh

nts should main npun nn|y fnl
s Can De excessive. ,
I rour greenhouse has an entry vestibule-or a potting and..

room, these -areas can-be used to pre-heat incoming

!

lhuw U_[)[’)(

greenhodse, cold

For attached,solar greenhouses air chlatlon between the

.
oxide bmlda p aéound_ the feave ,'
f-Qr mold [0 )Drcf)w ang. lho nm‘d*

“for Tife vonhlatlon when am ient Te ) s are ‘v‘ery high*
~ Conventional Ialg,o,and mcclmm scale r’conhomes often.
‘take in ventilation .air, mix it with circulating airtand pass =
t through space heating furnaces. But for low-cost, family-
sized, attached solar greenhouse, it is-very difficult to econom-
|ca|ly [letlfy such-a system. For one thing, it is not so impor-
“tant to ventilate- frequently-during-winter-since temperature
build- upq are nof as great as during the summer. Also, winter
~dhys are not as “lorig, so less photosynthetic activity takes
1 -place, and there is -a redufed need for_carbon dioxide. On. |

,‘wujvtér ‘days when’ venting is required, "exchanging- green-

\v|I| usually be adocwato for ;,reonhous 5 from 100 to 70()
square. feet -of floor “area, Fans should ‘be hung from lhu
ceiling, or placed in an out- of-the y location. When_
fanis turmed on, “air should be moving most plant |é
slightly? If the fan doesn’t move,the leaves,_it is probably’ too
small or not properly placed. A small \polyethylene -tube.
taped to the fan can be used as a duct to distribute the air.
.Generally, circulating fans are needed only in freestanding
greenhouses, orin attached greenhouses when air exchange is
Ilmlted between the house and the greenhouse.
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: cllmatos or.on days when the outside air has X. rmsonably o
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. able for. famlly size greenhouses, have

a
[

hojdmg capacnty i
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“As, for air coollng,, if the shading techmques and vent|n$
sytems are not’ successful in reducing your summer green-
~house air temperatures to acceptable levels, there is an ad-
dltlonal step you can take: use water to cool the greenhouse
\@Il’ If wateris! allowed to evaporale in the-greenhouse; it will =
absorb a lot of heat energy from the air while changing froim
a llqmd to a‘ vapor, ‘Heat absorptlon by the water coqls
‘the air. - oy

There are a numbcr of ways to ovnporato walor "lho sim-

plest is to hose-down greenhouse walkways and storage areas
nroun(l noon on a hol, sunny day. The resulting water eVapor:
ation from these wrf.\ws willlincrease the humidity.and (lw
crease air temperature inside the ;,ru(‘nhouw
Another option is to install evaporative cooler units (purﬂ
chased from greenhouse suppliers), complete with a fan, cool-
~ing pads and water recirculating systems, Smaller units, suit-
Y -hp fans. On hat
days, a smglc evaporative cooler.can use over 50 gallons ¢f
witter, [vapomllvo cooling syslm‘ns are more effective in drier

1

0
- ;. |

the _exterior. The two systems serve dlftvrun purpows Alr
e\cha%e with the house takes place predomman(ly during:
“the cooler seasons of the year. Excess greenhouse heat and
some humidity are transterred to the main house during the.

T day, and (if you decide to set your backup heating system
-up this way) house heat is transferred to the greenhouse at -
might. Venting to the outdoors, on the other hand, Lwill be

Cnecessary durmg, the.warmer months to malntam moderate
;,reenhouse temperatures,

S The easiest way to ventilate betwoen tho g,rm‘nhouw and

low relatlve humidity. The systems become tess effective as '

the ambient hleIdlty increases bec ause ‘the .air's moisture- -
:reduced ancl Iess wator ls able to e\raporate

Y:i tho dir: huml(‘ |ty
iw a pomt worlh n . or dl’lC‘J’ areas'ot
: lho Counlry lm,hc‘r humidities prvsent little: prohl’om -andin
fact, Can |)r0\/|du a better (‘Ilm.ll(‘ for pl.mt Lrowth But in

SNy hunn gre 'nhouw can crc 1tv a sltua—

~tion wh(‘rq disease and fungi could spread rapidly. Thus,

Shddlnb and-ventilatimg should be used c\\tonslvoly in very

hunnd aroas 5

HOUSE VEN’TS FOR ATTACHED GREENHOUSES

Attached ‘solar greenhomes reqmre two “venting systems
one through the common wall_to_the Twouse and the other-to

the house is to use existing doors and-windows. An‘ideal situ-
; ation is-to-have one or o basement windows and-a-main:
floor window {six to eight feet abowe the ground) enclosed
within the greenhouse. In this case. cooler basement air entérs
the greenhouse, warms and:rises inside the ;,rvvnh(mw, dn(l
re-entersYhe house through the uppe rwindow. :
Generally, large venting -areas are not required lwtw(‘(-n
the house and greenhouse because heat-build-up inside the
greenhouse is not that extensive during the winer, and neither
isethe need for fresh:carbon dioxide. Total vent areas should
be approximately eight percent of. the greenhouse floor area,
-although larger openings will facilitate air flow somewhat

The area of. the upper openings, should be about 30 percent‘_, o

g,redter than thal ofithe Iower Qpem

A smble dom :
g,ood ventilator.as. me Cogblc‘r‘hous ir mear the floor w,rll';
pass through the open cfoor intdthe greenhouse, and warmed
ur oonhouso air Wl” enterthe house near the top of 1hc (Ioor

If“no oponlngs ‘orjust-one window, exist alonb the common.
- wnll“‘tlwn you must construct some Vventilation ports through
“the wall ' When ‘building vents, the closer you put the lower

vents ‘to the ‘greenhouse floor, and the upper vents to the .
&,recnhqme peak hebetter wll be the. ventllatlon effect

Bulldlf‘fg these ports through the common: waII is a. ]ob you -
will have to decide how: to do best The c.onstructlon materials-
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.. FIGURE 8.4, Horizoﬁt-al wiall sectionof side-hinged door type vent(from attached. g,reenhouw through'solid wall of house)

l(,dl”;(t’, Tt (dom;{s Wood 5
’ler‘lo work with! (hnn masonry Yol can, fmcl out how to
(10 sl masoiky. L(Lb in the Rc1durs Digest Cnmplctc Do-lt- !
Yoursclf Mnnua| (}Io.mml\/lllo New York, l\(‘aders Dlg(’\[
" Association. l‘)7 3). / B )

For housm with wood fmmlng, you gf\n se thu studs as part
of the vent frame. Sinee.yent openings are not wide, there is
“no need to add a |]|ntu| to support any of theaall’s weight.
Details of a typlcal vent cut throug,h a stud wall \Vlth wood

“Besure'to *tapor the side of the: do r opposlte tlw hifges:: so o

thatthe"door will cque casily’ A ¥4 quarter- round nailed-to
the 1% 6. which frames the inside of the opening prevides a
surface for the weatherstripping on these sides, On the hinged . -
side, the weatherstripping ¢an be placed on the same face as
the “hinges. "Removable-pin butt hinges will.make the job

easier: Construct theaient door to fit snugly when closed, and -
hinge it at the side. A sliding bolt lat¢h-into the house in- S
terior trim will-hold the door shut. Be sure thal the quarter——

-in- the -opehing- usmg the- studs as the 5|de> If the QtLIdR are ™

~Found s securely fastened to take the pressure of the latch,
It'is best to ihsulate the vent door. You may decide some-

- time in the future not to operate the greenhouse forfood p,ro—

2 >< 4s, use 2 X 4 blocking at the’ top and bottom to frame'in the. - ti

n-he placed ar’@und the vent openlnn “for ﬂoodw :

duction in the winter, but rather-to use-it-only as a daytime.




™ Hans can be used. These.are typically. units of 100 watts or less
~and are capable of moving up to 400 cubic feet of air per
minute fora 200300 sq: ft. greenhouse These fans can be
- either thermostatically-or-manually-controlted~A-line=voltage
_cooling thermostat.sensing the greenhouse airtemperature
adequate Manual controls will be less expensive, but will re-
_quire that someone be around during the-day to turn the fan’
on-and off. Thete rans will be somewhat noisy, Wthh you may .
find annoying,
Building a vent which operates easily ad CIOses tightly
takes good carpentry skills, a lot of patience and a fair amount
af time. Well-built vents are worth the.effort. ‘(hou;_,h and
make a greenhouse a joy m “operate” Reserve your best car-
penter forthisjob,. . o '

1

TO CURB OR NOT TO CURB?

A majoryvent-construction de

a solid vent with a built-up “curh” (FIL.,LIF(‘ B10) or-a vent

that is flush with the greenhouse surface (Figure 8 A7

) e, ~(Also review Figurd 8.6 when considering ‘a curbed vent :
"Two windows along the common Wallallowgreenhouce heat vin a glazed sectiofi) Curbed vents offer much better leak
to warm the adjacent Community Action Center in Gloucester, ¢ = protection, whilé flush vents improve the continuity of

\fassachusetts, Note, if there is orrly.one window Between thé the insulation, whlch helps to, minimize heat 105; throm,h
ouseand the gr&wcnhouse itis wiseto: bu:lda smaII wall' ver,;t

lose tothe' foe Tfa promote naturaia:r c:rculan vandadequale" 5 - / ! the vent qnd venk t’ramln&, ‘ " : i
, RO E arp not aproblem ’

since the: planb need water anyway, On.

: “the contrary, leaking water will rot wood, degrade insula-

serious heat-losers. Use Styrofoam insulation because fiber- tion and destroy. interior paint. In freezing climates the
glass mayishake loose alter.many openings and closings. -+ expansion of freezing water will DUSh parts of the green-

It is a good idea to install screening across: ail vent openings hOU“E apart.’ ;

between. the greenhouse and.main house. The scréening will - The stiff galvanized- steel Hﬂ*hms on the bottom and
keep greenhouse pests out of the house and househald pets sides of flush vents will keep out much of the rain; but
out of the greenhouse. If you feel that greenhouse tempera- | water from a blowing rain will probably creep in. There—_ ,

+ “ture buildup becomes too high, ot if. it is not practical to build fore, flush vents should not be used in very rainy areas or
vents large encugh for natural cir€ulation, very small blowers on shallow sfopes (less than 30° from horizontal). -
placed |n 'the u r vent leading to the hous_ewormmrculatmgw» : o e S .




GLAZING VFNTS

°|n Qrder to achleve ';uffl ient vent area, it.is often-neces-:
sary to use.part of the glazed 5ect|on of the greenhouse for

vents. A window.or glaung verit.caonsists of a frame‘with glaz— ;

ing firmly-attached, a hmge,for the frame to pivot; and some
mechanisms to raise, lowerand hold the vent.in position. Be-
fore reviewing cletalls specific to! vents made . with certain
types of glazing materials and used in certain installations,
“some geperal points appllcablo to all glazed venrq are-men-
_tioned.below. 2

s

The franie should be 5turdy, constricted wuth dowetled or

lapped joints (see Chapter7, Plastic Window Frames, for con-
struction details on such’ |oml~.)xWoalhc‘rstnppmg must be in-
stalled around the entire perimeter of the vent so that all air
flow is cut off once the vent is closed. Hooks and eyes or other
solid latches to.hold the vent closed should be used to com-
press the weatherstripping b(\twovn the vent perimeter sur-
- faces and the greenhouse frame, - o
1fthe greenhouse is double-glazed, all wmdow vcnls should
be double-glazed-as well. Preferably, vents should swing open
1o ‘the outside, Lmless there is spacesinside the greenhouse
’where an mward swing-won't interfere with plant growth “In~
seneral vents are hinged along their uppermost surface and
! i\{proprml(‘ly flashed for waterproofing. Vents "in vertical
-;,I\wm, do nel heed the raised framing or “curb’ required
vll’l s()nw slnnl(-(] roof vents to keep water out. On akneewall
‘theiehtire. length of the. groonhouw at anpro\»
lhu hm;,hl of (h(- pltmlmg hvds

4

: \
Vcnl n cqrru;,alud FRP

(Figure. 8.5) This vent overlaps one ao:rumtmn of thv“f RP

on edach 4|H(~ of the vent to keep water out. On glazing slopes
of 45° o more, a-four-inch overlap onthe bottom edgpe also
is required; on slop(‘s of 30-40°,-a six-inch bottom overlap is
needed The vent should be flush with the roof when shut.
On shallow slopv (|(‘ss than309), a “curb’ should be used.

A flu%h E,la/mb vent can be only as |C1I'[:,C as the space be

£

L1130

tween the fafters, unless provisions for a larger opening was
made when the rafters wete designed and.built. Such a provi-—

sion finvolves omitting part of one raftcr while mamlalmng, ,

support for the roof. :

Flexible neoprene 'or butyl rubber (avallable frOm roofmg

companles) should be used at the top 1omt as/a flexlble fla5h~

g
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—— —~—|eft-after attaching-pieces of flashing-together: Ifthevent s
wider:than four feet, water may not drain effectively. from.

(i i
SR

' ihg If some reasonably sun-resistant, flexible material is not.

. available, you will have to build a/vent using a curb (see sec—* |\

o tiontoncurbs) L

5 Note in Figure 8.5 that two p\i_,eeé@.;otcﬁrrugé‘ted ‘supyb,\fﬁort, .
. stripsiare used at the top of the:vent—on® to support the

corrugated FRP and one ‘inverted on top of the :FRP. to

stipport the flexible flashing. Both support strips shouldibe | "™

. fastened with one set of screws through the outer support, -
= the glazing, the inner support and into the wood of the vent

frame, © o

“ Ventsinglazed r()(_)‘fs'\'okit'h, flat glazing

(Figures 8.6 and 8.7) These vents protrude above the roof's -
~surface. The “curb’ can be'built up by installing tall block-.

* ing between the rafters (Figure 8.68) or,by building the curb as

a separate box on the ground-and then plating it on top of

~ the rafters (Figure 8.7B). The lattter méethod offers the advan- .

,tage of more precise work. The vent frametanibe bifilt, glazec
--and attached to the curb beforc’finystallation on the roof; The
~ventframe should be'made of 2 X 2s unless you use a glazing

such as Exolite where the aluminum extrusion will.lend strength

" to the frame. In that case,-1 X 2s can be'used. Removable pin

" hinges will allow. you to take off-the glazed vent-cover when

installing ‘the curb. This vent. »c'ah“’be—‘u,s\gd witahlany ‘non-

~breakable glazing, =/ o "

Flashing should be installed on all sides of the curb:As illus-

. trated in Figure 8.8, start with the bottom piecel thefh attach |

the side pieces, ‘and finally the top piece, In this way; the
_ flashing pieces will shed water properly. Be sure the roof glaz-
ing-goes ‘on top of the. flashing above the vent and below

the flashing on the sides and bottom/ Caulking.or roofing tar.;

“on the corners also is needed to fill the little cracks that are

14
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vent support{shown withflat FRP.glazing) -

FIGURE 8.6A . Ventin glazed roof——us’i‘:ﬁé rafter blockingas. %

~ its upper side. Hence, the flashing on the vent’s top must be

sloped to the cbrnéfs, thereby permitting water to_drain off
around the vent. ' . \;
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FIGURE 8.6B Detail for framing curb
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~ Ventin glazed walls .
(Figure’8.9) The framing for thm vent SHTI[J'deltS outsnde .
the wall frammngach vent can be up to eight feet long |f
P the frames are well-made, and in some cases can be made.
—»«%gfx.'#//w; < LT * span the enfire length of the geenhouse kneewall Placed a(
: plant height, .these vents allaw excellent ventilation when
combinedwith roof vents A sturdy. 22X 2 frame of good quality
/‘”’;"’Z,""”‘“’, vood' sho b used As for cbrner fastemng, detalls see

e Rr X -M/V‘( Wf'

P V[/Vr:?:'acra “ . The metal flashmg, at the top 9hou|d,a low the vent toopen
X4 Mﬁflﬂ’ﬂf.{ . .
Sy s SIS without interference. If thetop of the vent is hinged on th
NP & OPTIOL top plate of a kneewall, the roof glazing cansbe made to ove

hnng., enou;,h to perrorm thmfhshuu, function.. - K
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This pit- r)*pe grcenhousc {ises a. long ridge vant (bu:lt onacirb)-
with Styrofoam in each-panel-forinsulation. The.entire kneewall
swings openas we/ 't provide an excellem w’nung scheme. .
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N FIGURE 8,10 Solid insulated venton acurh : . ! FIGURE 8.11 th_‘"ns’.h solidivent
o
SOLID ROOF VENTS et f the repeated  opening' and. closing. Building. a . curb (and
g , ; Bl ,' : flashing) for a solid roofivent is the same as for glazed vents
(Figure 810 and B8.11) Vents can be built into the Aérth- - The vent cquer should be built to'fit inside the curb with at
facing roof ‘of .a freestanding greenhouse or into a partially least Y.* clearance all"around.to compensate forswelling in
solid roof of an attachedsgreenhouse: ®@ne advantage.of solid=—wetw eatheF Glae-and-nail-theplywood-to the covers frame ™
roof "vents (vs, vents in glazed sections) is that no-sunlight . and be sure the screws and begt strap hinge (in the curbed
is blocked by vent frames and blocking. Also, in some situa- vent) are long enough to make a pood. solid connection
tions, solid roof vents can' be placed closer. to. tho preen- o The edge-opposite-the hm;,ed side-needs 1o be taper (}d o
Y house peak, thereby improving the Chlmnoy effect for better al‘]ow the vent to open and close properly, On-a 16"-wide = -
, ventilation, Solid vents tend to -be quite-heavy; though and ~ventymade of 2 X 4 framing and hinged as shown, the under-
»ottherelore somewhat awkward.to open and close. : - side should be %/, shorter than the opening. Qn a 32"-wide
The insulation in the-vent skould have about the same.in- venmt of the same thickness, the underside sheuld be Y/, shortvr :
sulating value as the other solid roof portions. As mentioned than the opening. Be sure thatall expesed plywood ('(I;,u aru ‘
provtou~:1y Styrofoam isa ;:,ood umxlatlon chmcg to wnthstand sealed, aud pamted -
| ’ ol 3
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“often

w‘  SOLID WALL VENT

s

‘ (Fi;,Jro 8.12) Flush-mounted solid"wall'vents are constructed

like. flush solid roof vents, Wcalherprooﬁn;, is achieved by

overlapping the siding of the buulchn;D with the exterior shs\ath
ing of lthe vent and’ by.a “drip mold above the venf (tRe =
~drip mold could -be replaced. by flashlm,,) Removable- pin
. hmg,es‘wﬂl facilitate installation. With fairly thick weather

118 , A ‘o

il A Yoot

The other end of thls piston rod is connected to a vent door—
as-the piston rod moves out, the vent is pushed open. When

‘the cylinder cools down, the liquid contracts and; presuming. | .
“the vent is mounted above the cylinder, the weu,ht-of the

“vent door-forces the pnton rod back mto tho cyhndor thus
“elGsing thevent.

v

str:pplhg, at the® top, hinges need not be recessed into Lhe

frame orthe ventdoor Sy ‘ \\ o :
i ; Vi

OP[NING AND ClOSING M[CHANISMS

. . ™MEAT MOTOR‘%”) o

s EOe
!

Al vt‘nls c¢an h(' (()m(rll( l('(l to ()|wn .ln(l (I()w mammlly
ar; .ml{)nml [

and slotted lm.n(l (I ipure H 'l f&/\) or al |m|lvy syswm [l u,uu'

B:14). ()llwl manual- systems inc lude S()ln(‘th( more sophis:

ticated-rackand pinion: (lvvwm or.gear-and chain drives which
an berecycled from old glass ;,luonhouws Automatic.,
systems, on the other hand, range fmm the simplest and
least ¢ \pvnwvv “heat motar”.ven| (uwr.nlms (Figure 8.138) to
thermostatitally- (()ﬂll()”(‘(l electric. motors driven hy gears

cand chainsg i a vt

Thel “heat motor” is ac llle(—‘(l hy an m\(‘r(‘dst‘ oridéciease
in thetemperature of-its-surroundings. In m basic farmzit-i
a cylinder with a piston inside attached to.a rod at one end.
lns;.id(ﬂho cylinder is a liquid that expands and contracts: As.

DL ARRD CUT. O 27
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the air temperaturearound-the-cylinder increases; the liquid
expan Ix (m volumo increases) an(l forces the piston rod. out;
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“FIGURE 8.12 betériono';')ening vent in solid wall

P




e

AR AON Ay EEEAEN T
RAND A AT

Ma_fgm/:het : . : 7 Meorow

“FIGURE 6,13 Vent apening and ¢ I(mm, T Imrqum A Hinged
[)(Jl(‘ 13, ||('.l( maolar

Sl

L oy

e CAEME TG TP AN PEWT
DY DX O AT

Different types of heat motors are available. Some are'a‘ble
to.move. greater weights than others, and some are.-moresuit-

~able for méunting on vertical rather than slopmg 9urface5 .
However, the more inexpensive heat motors are not very reli- .4

able; They can only-tift-limited weights —10 pounds or less.
Wlthout sufficient weight, a-vent will not close tightly by

~itself once opened. In addition, inexpensive heat motors have

been ‘known to lose ‘their. full action, that is they will not
open up as far, after several'months of operation. It is best
to. check out the various product brochures before you buy

_(see Resource List). Better still, ‘try*to find someone wha iis

satisfied with a particular heat. motor vent operator.and see-

~if-it- meets your needs, Always check with the. manufacturer

for installation instriictions and guarantee.
For-moving greater wm;,hts say: for.a row of heavy ndg,c
vents, a lh(‘rmosmtually-controllod electric_motor can be

used. The size of the motor will depend on the weight of the
yvents But these motors canhe quite expensive, Also, a rl‘li-

able electricity source is necessary, although these sys((‘ms

‘ should permit manual override.in case of an electrigal f.ulnro :

k \/ENT‘OPENINGS WITH FANS AND LOUVERS -

If you choose to construct vents'with frames “and loyvers,
you must be concerned with hent loss. The “louvers when
closed, do not totally block airflow. In addition, ]IbhtW(‘lBhl-

“louvers.. generally are made.of ‘metal - and hence Have -negligi-

ble ‘resistance ‘to ccmductlve heat flow.: Thus, heat losses

through fan housmg canbe great unless |n<.ulat|on is mstalled :

when the fans are norlnuse S e “

b EY i
7 e T
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One slmple way. to lnsuhte fan vents is to build an in-
qulatlng, vent-cover. Generally, " this cover will be mounted.on’
the inside of ‘the greer homé as illustrated in Figure 8715
Weatherstripping is essential, and a good latch is.re qmrv(l 10
hold the cover against the.wall .and Lomprcss the weather-
stripping to minimize air leakage. The fan’s suppert frame is
fitted inside the rough opening in the wall. This procedure re-
‘quires accurate fan: measuremenb ancl some careful car-
pentry. , ‘ .

be very careful when:you close the insulated hatch tovers
over the fan openings at night. The thermostat, located
inside the greenhouse, activates the fan whenéver the interior
air. tlemperature Fises nl)ovo llw set |)()|m
cover is closed when the fan is activated, “the fan will be
trying tosuck-air-through the insulated cover (npvmlm;, U
lessly:andin amode thatis harmful to'its motor) e

One way around this potential prablem-is. to disconnect
the fan from the thermostat when the insulated vent cover is
in the closed position, Another way_is torraise the thermos
stat setting:locits highest temperature (if that temperature is
well*above the ranpe encounterad in a greenhouse). When,
you want the fan on, open the insulated vent cover and re-
ducethe thermostat Setting 1o the desired temperature. When
you want the fan turned off, increase the setting to the
mum temperalure again; the fan will shut off :and you
close the vent cover to prevent further heat loss.

. -On the other-hand, if 'you feel that your greenhouse will
need venting dn sunny winter days (as is often the case with
(reestanding ;.,wonhouws) the thermostat:must be opera-
tional and set at some comfortable upper_ limit, “In sucha
case, you may want to close the insulated vent covers at

nlg.,hl only. That way, the Tan will'be able o operate effectively

when needed during the day. Some heat will be lost-through
the uninsulated fan housing during the day, but that loss is
«2 small price to pay to avoid overheating and to know that
“your plants are not going to cook inside thie gfeenhouse.
lhelo is an undmlylnb assumptlon we've made in tall\mg

1
5 Lo '

If your fans are themostatically controlled you will have to

[f:the ‘insulated .

120
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about using fam for ventilanon there has to. be dn mtaI\v
vent or-door so-that fresh-air can enter the urvvnhouw
when' the faniis operating. Anairintake vent can be freated
like a’fan. Automatic louvers -and. screen should be placed
over (h(- air mmko vent-and.an msul.mm, c()\'trr should h(‘ in
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FIGURE 8.15 Fan with automatic lomvers-and inr;u]nting door’




. Arope and pulley system is |

'.used tg operate the insulated
wvent cover in‘the NCAT green-
house. The louvers let airpass

to the outside automatically.
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| . - vtoring solar heat. Toromghts’ th clfoudy ays is a funda- A
s . : . : ment}al feature of-an energ y-erfl(flent pdssive solar g green- -,
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5 ‘}V?.! G . Chapter9

H EAT STORAGE

- AND BACKUP

5
i
; ;
Qo
.

house An effective heat storage fystem is. an lmportant ele--

‘ment in’ “solar g,monhnux dexvgn lee\w
ackup heater and night msulatron ror the

to a glreenhouﬂe s ovs!rall etflcmncy

ous typ’és of he it <t0ra§,e !ncluded aré su&,ge to\‘i qunnlt;m :
for the various heat storage materials: 1vrelated to gree
i house design and use; In addltlon,,\we wv:ew ‘thé. need fdr
backup heat and the various - svstepi that satm‘v this:need -
“well. Finally, we will discuss the valuable’ contribution of
night |nsuhtxon in Opt ratmg a¢olar g,reenhouse ettecnvely

, HEAT STORAG , L
'bonw km(l oi hmt stura m-

it

. rocks, 'dlrl
, O (Ce s'solnrf_
hmt whvn itis nvmldblt‘ On sunny. wmtwday@, 1solargreen- |
house ger&al ly ‘receives much more solar’ energy. than iy~
needed to provide a warm living spe 7 iitable grows
‘ m)’ ronment for plant: The heat storage medium abaorbs{
exce ht\ll helpnu., to keep the greenhouse cool during sun: @
ny days and more umportantly, it releases thdl hml durm;, '
the night and cloudy pe\ruods i .
"Heat storage requirements relate d|rectly to how the L,rocn—«g
house is used. Climate conditions and whether the greenhouse . .
~is attached or freestanding also are esignificant. For low- i
*»cost greenhouses enough-storage For100 percent solar heating

I s ‘too costly and takes up too much space. Generally heat

>tor‘1ge should:be dealgned to provide about one cold day’s
heat requirement, That-is, if the storage has been warmed
up durm;b a sunny-period it should provide most of thergreen- .
* house’s heat needs for'the succeedlng day. Durln;a prolonged..
cloudy periods (more than one day) the backup heating’system™

Cwill probably be-Teqtired at nu,ht 10 keep tht ;JFOC'nhOUSP .
warm enough for plant growth, : :

©

‘Loeéation for’ Storage . .
Heat \torag,e is mostvuseful when it 5|t9 dlrectly in the sun- :




heat storag,o is efficient and economlcal as well as sxmplo to
build,“use and maintain. Excess heat C{Iso can be forced (with
- fans and blowers).to a storage medium lotated entirely out
‘of direct sunlight. When needed, thelstored heat is pumped
back ta the greenhouse. But such an “active” system is more =
costly and moee complex than passlve systems, and therefore o
is nat discussed in this manual, o ‘
Coc,)( “locations for-passive heal storag(‘ are directly. bohm(l
the solith-f: ing plazing and stacked’up against the north
wall wh(ﬁt lenlm sunlu,hl W|II slunv cllructly on th storage

it, so tha when heat r(‘ﬂloases on cold winter nu,h(x the - Ascreen bench over heat
warmed air adjacom to ‘the age medium will circylate storagecontaingrs lecy

fri\oly to cooleriareas-in the ‘greéhhouse, It‘i<. particularly .

nm)or(nm to maintain air-flows around heat. storage that is

exposéd to very little sunlight. For example, if-some of your:

heat storage is under the plan(mb beds, leave air-spaces be-

tween the storage and beds as well as between the storage

lets warm air circulate.more
freelyto cooler areas inthe
greenhouse.

I : e

‘to handle and the cheapebt in m‘ost situations, we will discuss

and the floor t\ﬂ%‘\létate gir movement. Benches that cover;: it first." e .
Theat storage;shou Fmade\(fu@d slafs, heavy screen ot - -Water Storage” :
: ,,,o(her open cons(ruchon T Water.is the,most compact low-cost heat storage. It store>

v

Heat storage that. j}@r{%eg-ﬁee.k-ahr@ahem_tempeﬁ '''''
spitfor little or.none jof the day is stlll useful alth u;,h not _ature rise Hbot:trthree time heat storage capacity. of -
as useful as (IJr('clIy \poscd storage. Warmod mr movod TEFOC nry, dnd two to four times that of moist soil,
. Water stong ~ina pnsmvo solar ;N,reonhouse may, rise-102F on
up Cl1 slordg,(‘ somowhat conlnbutuu_ to the overall hodt asunny day. : o '
storage: Slma;,Lahmk(‘d indirectly will be most useful whon A!mo\} any rontamer can be used to hold the water. You
the greenhouse Is very cold, bécause the temperature differ- shouldiuse whatover is available at the lowos( cost. Fifty-five-
ence between the'storage md the air will be |arge‘ ;nou;,h to gallon oil or ¢ hemxcal dryms have becomyethe most commonly
caus ﬁlwlf|cant heat transfer from the storage to the sur- usod containers l‘or wa?er storage. 1he’-’are usually easy to 7
roundmg air, find, relatively c,heap {used drum> cost.$3°te $10-each), easy
There are varlou§ types of heatstorage*‘ﬂne most common to handle and.:fill, and strong-enough to support beds or 4
' ‘,‘_are rock: wwter masonry and soil. Generally, the various types benches. To some people an oil drum in a solar greenhouse
Care combmed for example, water.barrels, a brick footpath; is an interesting eymbol of the transition from -oil to solar
."Iind.deep soil beds. Sm// water-storage is perhaps the easiest energy. Oil dealers, car dealers and, in large cities, drum-
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“FIGURE 9.1 Technique for stacking recycled drums
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reprocessing plants anq all good sources for drums. If at aIIA _
possible, get drums that'still have the plugs-or “bungs.”

: 'Smaller 35- gallon oil or gredse drums can sometlmex be tound
They fit nicely in tight places and can be quite useful;

The miain problem with 55- gallon drums is rust &f you are

be used in the water. Thesinihibitor can be bought from
/()mowoll\s in /\lbuquctquo New Mexico (see Resource List),
or-from: plumbing suppliers. A small:quantity of the Zome-
works inhibitor is required == about threeounces of powder
[or-a-55 gdllon clrum /\nolh(‘l precaution-against rust.is to add

slows water evaporation-and lowers’
the water's oxygen’ congent, thoreby retarding - rust If ;the
drums formerly contathe®f motor oil, leave the resigffe in
them.But if the drums cohtained.an unknown or toxic chem-
ical, rinse them out W|th a sngall amount of kerosene. Be sure-

e . Ny

to. dump the kerosene somewhere safe, and then rinse the
“drum -again with water. Finally, when you placo the drums in-

not going to drain-the drums in-winter,-a rust-inhibitor must =

“a quarter cup®or so of old joil after the drum s filled with. o
. water. This oil film on top s

’ o o . 28 ~ -

the greenhouse, put'scrap wood, old bricRs or somethlpg ‘else
under them so’that-ground moisture doesn’t rust the' drums.
from the outside (Figure 9.1). A fresh coat of paint also will /
increase adrum’s lifespan. = = e L
Drums should be placed and:stacked securely before fill- /
lng—when full, each weighs about 450 pounds. Leave an

‘inch of-air in the top and the bung shghtly loose (on barrels;
standing straight) to accommodate water expansion and con-

traction, Add the rust inhibitor before f||lmg—1t wnll mlx wel
with the water as the drumis filled |
Smaller containers can provide satisfattory stomg,e as we

. especially in spaces not exposed to direct sunfight |n fac} '
““smaller containers transfer heat (by convection) more elfi-

ciently than the targer drums. Smaller containers ‘expdse
more surface area to the air, in relation to the amount/of
water in them—as air moves across these surface»; it picks
up heatmore effectively.

Fl\/e-t,allon honey or frying-oil-cans can sometlmes be ob-
tained . fromi food stores or fast- food restadrants, Easy to

wash and handlé, small.containers are not as strong as drums

and cannotbe used-.as bed orbench 5upports Stacks of/oil-or
honey cans should be secured to the wall so they don/t fall.
Cleaning-and-rust-proofing procedure> are the.same as/foroil
drums, but-these cans also require priming and. painting. Wipe
_the surface off with paint thinner befere priming, Chegck with
your paint dealer for a primer that is compatlble W|th the
plating onthé cans, : /
Any:darkish.color is fine for pamtln&, hcat-slofrage con-

tainers, The differerice in heat absorption by d|ff0rer7t colors — "=

“as long as the colors are not very light—is too little to bother
with. Some people use*blue or red because they rdflect a part

- of the'spectrum that plants need for flowering ar)d fruiting. If
©summerlight levels in'the rear of the'greenhouse gre too low —
the Blaﬂng——llght-'

“colored paper or cloth can be draped pver the rear heat-storage -

indicated by the plants leaning toward

barrels or cans to reflect more light onto the p)an‘ts‘.

/
!
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Even smaller.water.containers, such as gallon jti;.,s two-
liter soda-bottles, or cans also are fine to use, Don’t use glass
contcuncrs thoug,h because .they will break if the water
freezes. Plastic jugs can take’ freez_lni, without damage. These
~smaller.containers-do require shelves or some other place-
mentstructure, Stack them so that air can move around them
if p095|ble More effort goes into xnstalllng these small con-
tainers, but their easy availability may make them worth' the
.tI'OUb|E Small containers make heat-storage areas out of
otherwmc unmable nooks\and corners in the breenhouse

| storage un(l il the pf,l(;!cn}h(_)use'is :1irl:ighL Sincv water
e tremendous amount of heat as it changes from a
«quuul to asolid, the air temperature must smy below freez-
ite some llm(' h(‘for(' the water'will freeze solid..

ontainers until the whole mass
freeze .m(l (‘\;mn(la I.Hp,('r containers have thuddv.\nm;,(- -
of losing heat more slowly ‘and hence being less prone to
freezing solid. Anti-freeze is oo expensive for the large -
volume of wn(m in even a smnll ;ju'('nhouw

In cold Lllm.ltos i you ara. only using the. uovnhnuw Y-
~~~~~~ ex (ndm;,, the ¢ growing season and not using it in"the winter,
; comldox clralnm;:, the water in the cold months.

In attached greenheuses, some heat from the main house ~ Gd/fonjues placeftin 1 tight corners and ”"de'g’o“’”“’ beds

IR -increasea ;,reenhouxe s heat 5torag’e capac:l)f M
Z - can be releaséd into the greenhouse at night to keep tem- _ v e T ;
s peratures above freezing. A back-up heater in the greenhouse, e : » P m L

; too, will always bail:you out and keep the storage.from freez- SRR : ! e S LA

S . e 5 v
ing. he amount of time and money that backup: heahnp, can
savelyou—both in burs( contiiners. and tromp crops =—.is
well Q:\’Ollh the cost. But iCyour 1.,:(\(\11]10us0 uses more back-
up hm( than you can afford, thén 4t may not be worth the
v\pon%v to r)pvral(‘ the 1,rvunhouw m wmler

concrete or storie walls all*are good heat stores’ Adobdalso
isgood,although it does not-hold as much heat as the more
dense materials. Costs will vary, so check local prices.
x\lthough it is expensive, masonry is .a~good ‘heat storage
\ - - because it doesn’t freeze. Itis discussed here because there

, SR p S - are many “adobe, stone, concrete-block, concrete and brick-
~Masonry ‘ i L '

/clad hguses, to which greenhouses. may be attached. In such

: ,Masonry stores about one- (hnd as much hoat as! the same 7 cases, masonry storage may be. an apprapriate.option: Use
volume of water and, g,onerally, is fairly expensive to install. Table 91 to determine what portion of the suggested heat

- Solid, dense concrete block{not cinder blocks), denﬁe bncl\s,/ storage can be suppllefd by the volume of masonry contained
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s , e // Fof Se‘ason’Extens'i'on For.Year-Boun'd'Growingf' :
' o WATER MASONRY . WATER MASONRY
. ,/{,M i . gallons/it* glazing | ftft° glazing { gallons/ft* g1a}z’ing v ft’lﬁ ,glazmg :
e o = . ] ”3
~ATTACHED | | oo o ?‘ T o
\ GREENHOUSES | TEMPERATE | 2. o o b
3 | | 3 23
oo [ FREESTIANDING | reMperaTe 10 '\2"/2 . . 5l6 | 4 1113
GREENHOUSES Lo N\ ! ol ‘
o | wARMS o >\ RR 3 2

~The quammes are: expressed in terms
of gallons of:water or cubicfeet of
masonry per ‘square foot of glazing
area, since the glazing.is the main
area of heal loss, and of course heat
gain; ,

, : “Season Extensmn means that the
e . _greenhouse is not used for growing -
o duririg the coldest winter months
Cold” chmate means that wmters are
‘longer than the summers; !‘lemperate”’
‘means equal summer and winter;
‘warm':.means that freezing only
occurs during two or three months.

\ v o :
~Masonry. is.assumed to be of moderate
to-high density, such as stone, -
concrete or-heavy bricks, masonry-is
also assumed to be eight inches or
i Iess in.thickness;

Chart assumes at'least half the
storage is exposed to d|reci sanlight:
“lor at leas! hall the day;

- Chart assumes-that the greenhouse.is

‘insulated (as suggested in this manual),
tly-built,’and double glazed excepl
warm clmates,

TABLE 9.1 Suggested quanUULs of heat storage m”ltermls for passnve SOT“H‘ yet nhou~e

3y
72 st
foi =

; B




in the greenhouse In colder cllmates some water containers:

will probably have to be ,added to the greenhouse if there is
not onough maeonry el

: Crushed Rock or Rwer Rock

‘Many people have put one, two or even three fee( of rock

on'the. floor of their greenhouse to act as heat storage. But

unless air is blown through the rocks, only the'top few’inches

are useful storage.’ Individual rocks touch each other only at ‘_
a few small points and very little heat is transferred by con-

duction from one rock .to the next, above or below. ‘Also,
warm air rises, and as the upper rock layers warm up, the

“resulting warmccl air clocs nol move down to warm the lowor

rock layers.
Fans orblowers,-and the nssnuat(‘(l (luclwork and controls,

are necessary to force the warnt air around the rocks. Suc e
. an active storage system can be shown fo be cost-effective,

But the |n|t|al installation expense ténds ta be rather high.
F o} this reason, such systems are not considered in this man-
ual Nonotholos% under-floor heat 5tom;w systéms do save

: ;,rqunhousosxi:' S L __
S(ulandEarlh . i +f

The.heat xtorag,e capacity of a volume of s0|l in greenhouse. .

;:,rowm&, beds is half to a quarter that of water, depending
mostly on the soil’s moisture content. Deep sonl beds will in-
crease the greenhouse’s heat storago Capauty and may con-

“tribute up-to 20 percent of. the total storage. Deep soll beds
calso minimize

atormp and: provude more: root space for
your crops, b

. The earth floor W|th|n lho g,rovnhous( $ ir1sL1|a(e€| perimeter
als() functions as heat storage. Since the floor ;,onmally $€es
very little sunlight, and since warm air tends to rise, rela-

tively little heat is stored or released by lhc floor compared

“to sun-exposed water storage. One ddvantngre earth has over

a crushed rock floor is the ability to conduct heat downward,
partlcularly if the earth is moist and compacted. Should the
greenhouse get quile cold, the heat ﬁtored in the floor will
tond towarm the greenhouse a blt Y ‘ e
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_greenhodse during the day

“Thus, \ynu ‘may obtain greater total annual yields without. a
wintéecrop and with Jess: storage.

:

How Much Storage ls EnmjghT

A key tradeofi in a passive solar g,rounhouw is bvlwvun

space. The storage quantities, suggested in. Table 91 are a
compromise between these.two factors,
evaluate your particular situation before you make adecision.
For example, if backup heatiis quife expensive, you may wish
to increase the quantity: of heat storage, On the other hand,

if food production is the main purpose ‘of:the graenhouse,

.you may wish to increase the plantmg, area and: there by-mini-

mize storag,L

An attached g,re,nnhou needs less heat storag,e than a

~more storage — hence less backup heating— and more growing

But you need to 7

froosian\llm, greenhouse, singe excess heat! mplurod by the '

can be vented and”uaséd in the
homq instead ol absorbed i storage. Also, if the greenhouse

IS, HO( used for prowing plants during mid-winter, Jess heat

st()rd;,@ is. tequired. With -less smm;jv there is more growing

‘spacn and the extra Browing spe 10k can result-inincreased

Vl(‘l(lj curing spring, \ummvr and fall Due to higher ligh

leveld andawarmertemperatures: the. ;,rm\nh()uw is.more pro-.

(]U(llvc durlm., these three SEA50NS. than in wu]tm, anyway,

But ‘again, the-storage
decision must be'evaluated carefully. Produce is more expen-

sive in-the winter than sumnier, Thus, food m'cds and gar-

|
dening habits must be balance(fdgdlnst monetary benefits.

The following assumptions “have been made‘re dr(lm;_, thé’

heatstorage quantitiesforpassive-solar yoonhnuwl« -supgested

inTable 9.1: Some b ackup heat will be needed, althaugh not

a“lot; the greenhouse is ll;ahtly built—no hlg, cracks-allow-

Ainginfiltration; the walls and foundation are insulated: there

is double Elannt, (except in climates-where freezing wldom
occurs), sthere is no night i sulation for the glazing half or
more of the heat storage isiexposed to direct sunlight for at
least half the day;-and theére is additional heat storage in
some soil beds. The use of g,ht insulation decreases the need
forheat storage. But we suggest that YOLU-USE enou;,h storage

i
o

to Leep the greenhouse wa?m even W|th0ul gla/mg, lnsulallon i




. to compensate for those inevitable nights when you forget to

close the curtain. Using the suggested heat storage quantities’

'} in Table 91 plus night insulation, then, will decrease backup

I
- heat use ‘and Increase an attached greenhouse’s heat contri- -

' \ bution to the main house. .
Remember, Table 9.1 represented approxlmate rules’ of
thumb—storage should be added or. removed as needed. A
’;‘ indication of needing more storage is: excessively high.tem-
peratures (approaching 85°F) in the greenhouse during a cold,
sunny-day accompaniéd by low interior temperatures (ap-

proachmg freezing) at night. But be sure to monitor both day

‘] and mghttlme temperatures closelys Excessive daytlme tem-
: peraturm accompanied by adequate night temperatures often
indicates a problem wlth ventllntlon r.t,'thc: than stom;,v

'

P o HACKU

A dependable backup heating system is just about essen-
" tial for. a solar greenhduse, Even if you are d(‘ﬁi;:,nin;,nthe

t,leenhouso to be 100 percent splar ht ated —an expensive op:’

- tion -which is not covered [in. this, manual—a backup heater
is good.insurance for.those Iong,tcold cloudy periods. 1he
.. backup heat-must complement the design of the. greenhause
. as well/as the lifestyles. of the owners. A manually controlled
“woad heater may be the cheapest solution in sonie cases,
but it reqmres careful attention during cold .weather. Addi-
tionall
ever{costly backup® heat is used. Many operators caulk or
tapetall the vents closed durlnp, the coldest part of winter.
. Given the heat, storage quanitities suggested in Table 9.1,

you must -ensure-that the greenhouse is mrtxg,ht when-
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“more thanaday-during (‘arly spring, late fall orwinter.:

i isac

‘interior temperature ‘drops too low. Cenerally,

N : G L . E 9

a-distinct advantage over those without thermostats. Besides

“saving fuél, a thermostat makes backup heating somewhat

automatic. The greenhouse can be left unattended during cold

periods if a thermgstatis set to turn on the heater when the
‘the -coldest
periods of the day occur just before dawn, Wwhen it is the

least-convenient to get out of bed and turn on & heater. Of -

course, heaters without thermostat controls cahge left ona:
low setting all night:if you think-the eafly mlorning hours are™
going to be cold. But such a system involves.guesswork, wor-

rying, and.probably occasional mistakes in using too little’or.

“toag much bncl\up heat-In any case, a thermostdtis a definite -

necessity if ybu plan to be alvay from the greenhouso for

w

I you (hoow to use the main huuldlm, s-heatimg system

: _to supply backup heat to an attached- greenhouse, you must

remember to open doors, windows or vents lwlwm-n the
house and the greenhouse. You must decide m(/h night if there
chance that the greenhouse temperature will drop ta the
minimam temperature you wish to maintain, and apen vents
accordingly. Only experience will tell youshow far to open
the windows, vents or doors in order to I\eup the greenhouse =

~at'a reasohable temperature. Also, you must make sure the

house’s heating system is capable of handhng, the extra. load

of'the greenhouse. If the house heatercannot-keep the rooms

adjacent to'the greenhouse very warm; chnnt es areit W|II not
be able to heat the'greenhouse. o
Thux the appropﬂate batkup heat system tor,fyour ;_,r(‘en-

v hause is a function of availability, ~expense, and p(‘rs(mal

cox“rmltment Make sure the. sy&tem you (‘mpl()y 15.C omlst(-nt

awithiwhatyou ¢an afford and mtmug_,e well

ba(l\up heat will be ‘heeded Imqu“ently during=mid- wmte[ -

and’ OCLaqlonally during the spmu, and fall, Bd(h‘tl[) heaters

also are used by many .growers in the spring; dnoctly under °

wire-screen shelves to speed seedling germination. .
Almost any type . of
hguso—you should usg whatever is. most availablé. The oper-

ational tasks will vary for each-type, though, so make your

decision accordingly. Backup heaters with thermostats. h‘a\"

y . RN -

®

V!WoodHcatBnckup iy

In some rurat-areas, wood is a low-costfuel that may he a a

~-~;~~~~4g0c1(’l dehU[) heat source. Assmall, airtight stove can heat up'=
backup heat will work in, the green: ;,

Lo, Q00 square feet of g,reonhousc space. But:a good-quality
stovo that will keg pa fire burning slowly througjhom the night

can be expensive, ‘Additionally, chlmnoy installationicosts,
wallablhty of W/ood and -the mtonvemence of ten(hng to a




/
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stoveplpe should be at Ieas H\ree feet from |

5L0 avois burning the’ leaves, This distance can be cut

in half if the stove and pipe are ielded from the plants with
sheet metal, bricks, aluminum foil, or othér non-flammable =
~material (Figure 9.2). Also, all chxmneys must be vented to the -
-outs:de of a greenhouse.- because no matter which fuel you

are using (wood, keroseneg, fuel 0|| gas or propane), thé carbon

. ‘:"monoxtde and other toxic chemxcals released by lncomplete

ionvcanth /rrh thg plants people inside thergreen-
ing-the noxious gase o) rt'cularly impartant ‘
for attached g,rof*nhouws whpr( they m ht Otht‘le

: Dollar: per cord equals Cents per gallon For example
If"a cord of hardwood costs $75 and: oil.is 75¢/ga|lon
-thevheat from the two sources CLosts:about the same’f:
a cord co;ts $55 and a gallon fuel oil costs 80¢, woad -
heat is ¢ h( aper. On the other hand |f a cord COStb $100,

wull on mst.lllanon co»ts convemunco and fue av(
ability. ’ -

Also, note’ that softwaods have JbOUt two thlrcls the

a

greenhouses

" 1>>umes a 60 percent effi¢ient oil burner an(l a 50 per- -

heateapdeity-of hardwoods. percor :cwformula above ]

ent efficient wood stove.
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Electrlcﬁackup Heat G L / '
. l?ow installation costs and easy aut&matlc operatlon make
electric heaters a-common: cho:ce among greenhouse.owners.
E ‘ectrlc heaters often are usedin attached greenhouses on
very.cold m[,hls to. supplomont heat vented from the house,
*The main dlsadvanlclg,e are the'high cost of electricity in
r,nost areas, and the problems associated with increased elec-
ﬁrxmty use ln general.-Nonetheless, if the greenhouse is well-
demgned and built, llttle electricity will'be needed. :

Most electric heatem have built-in thermostats, --or inex-

penswe “themostats can be brought from electrical supply -

“houses-for about ten dallars. Table 9.2 will help you choose
the - right size electric heater for your.greenhouse. The table.
assumm ﬂmt (ho g,rounhouso |s airtight and was built ac-

-

1130

B

2 y .

cordlng, to the insulation;” g,lazlng and heat storage details.
stfegested in this manual Far-attached greenhouses,

ticular, . the chart assumes that vents -hetween: the ‘house

and the gréenhouse are closed and that no mg,ht msulahon .

for glazing is used. The location of an electric {or any Sther)
backup heater is not criticalif a #4nis ‘used. chrru heaters

“withowt fans are not recommended. Locate the heater as cen-

trally as is convenient. If the heater ends up in a corner,
that shouldn’t be a problem unfess your greenhouse has,

. 'many air leaks. The sizesof the heater, ‘as with heat storage

quarmty relates to-the area of greenhouse glazing, due to

the fact that the glazing is the major area of heat loss, The

table gives the .minimum number. of ‘watts of oloctnc hLat
“ieeded per square foot of grecnhouse g,lazlng

z /

“inpar:

\ o ‘ o o FORM—;E;«SON EXTENSION FOR YEAR-ROUND GROWING
. | coLD GLIMATE S %idw ; Lol T o1ow
CTEMPERATE | . bW T oW
WARM CLIMATE oW T oW
. C'Q,l‘_Dk'CLIMATE BW | - ow v
ATTACHEDM TEMPERATE | o ew | W T
. ] QWARM CLIMATE | o swo . 5w o

‘A frees landmg greenhomo wulh 200 sQ. fl ol
glazing ima cold climale:

; “1)-For season exlensiof — 200 X 1OW
Ao 2000W healer

s e ) For.year- [oun?j growmg - 200 )\ 12W
e 24OOW healer

EXAMPLE A:

’An alhched gmenhouse with 100:sq.:#: of
glazing in=atemperate climate:

P 1) Forseason-extension — 100 X bW = GOOW e
T heater.» i

EXAMPLE B:

2) For year- round growmg - 100 X 8W L
: BOOW—heatu @w—,, e il

R SN . J oo

“TABLE®,2 Minimum capac,ity, of (:,lc(:tri(: h(mmrs for passive'solar greenhowses

© : ‘ LU
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mgthe plants,

: ll,) nv(m,l
“wire bl

FIGURE 9.3 . Planting bed coviers




s o

132"
A

flrmly t the greenhouse walls canvbe strung over the beds tow
support|a blanket. Seedlings can be kept warmer this way -

:even if the greenhouse is maintaining adequate temperatures.

Anotherlow-cost insulation schemeis- to-use Styrofoam .

“sheels dlrectly against the inside of the glazing (Figure:9.4)
. Zome \bvorks (see Resource Llst) sells ‘inexpensive magnetlc

'c!iﬁév—[réde name’Night\\'é'H ﬁbout‘30¢ each—to hold the

anair g,ap ‘between the insulation and the glazing.

storage. The pieces must be stacked somewhere mnvenu‘nt
“when ithey are not ip use, such as under a bench. With the

sheets in place, One clip is needed for every(18 inches of
Styrof“oam perimeter. Twotinch Styqofoam can be used.and

s rolatlvely inexpensive as well—about 309 per ¢r|uare foat.

The advantdge of placmg the mwlatlon dir ly ne\l to

'movement between the g,laung and the lnsula(lon The cllps

can’t be used with plastic films, but are suitable on glass and ’
rlgld plastlc glazings. If your inner ‘glazing is. polyethylene,

~thei clips can be attached to the edge of the batten that
TThalds the polyethylene in place. but only if’ t.he surface of

the batten is.smooth, This installation (clips. on battens) does
not provide quiite as good insulation, though since there is

.ﬁ.

Oneconsideration wuth any rl;,ud removable insulation,is

NP
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FIGURE 9.4 Ihruo m(\thod‘: of |mlal|mg nlght msnlanm., pancds g
in g.rcenhouso ~

1 nbvu

more awkwardto handle and store, parlu ularlyif thv green-
house is filledwith vegetation .
Another copcern with the Styrofoam is that it is ralher

‘dollcato—tho corners tend to flake off and pieces break

easily.Covering the edges and corners W|th a sturdy tape will
alleviate the flaking somewhat.

A third night insulation scheme is curtains (Figure 9, 5] Roll-

- up curtains for the inside of the glazing can be made using
“two layers.of water-proof -fabric with garment or quilt type

insulation in.between  These curtains are expensive; relative
to the schemes.outlined above, but are more convomont to
oporato

A roll-up curtain built at NCAT cost 51 por square foolw
(materials only for-a 186 ft. glazed area), using vinyl-coated

~nylon fabrics (Duratuff-made by Curacote Corp.) and Polar-

goardinsylation (d continuous filament polyester garment in-
sulation made by- Celanese Fibers Corp.).~This :curtain was
found to cut backup heat used in the NCAT greenhouse by

all-clips;-large-Styrofoam-sheets can be used—as large . |
“as the spaces betweeng glazing supports, But larger pieces are
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© FIGURE 9.5 Insulating curtainfor NCAT:greenhouse

by

50 percent. But, sincesso little backupheat was used in this
' n;'\lr('lm'ly‘l\(‘nl Cons ing, freestanding greenhouse, total Mont.ma 59701, .
wings only amounted 10920 for the, year "A paper.oul- There are ovenﬁ (omm(!r(mlly m.\de IHSLI|1lIﬂJ:, curtains
||n|n;_, the curtain construc tion and det mhm the: ox;iorn\m'nt and shades ‘on the market, but since they.tend to be rather
and wsulta is ayailable from NCAT (Comparison of NCAT \\p0|1s1\fo~tr()|n $% to $6 por square foot-the are notdis-
. Passwe Solar Gr nhousc Per(nrmqnce Wlth 1nd WlthOllt\ﬂ' . , 3
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Covering:the glazing  at:night ‘canserves,

heat and helpsmaintain: 'moderate temperatures

for.a.more . stable :growing enviromment,

Linda Nelson:in'Madison, Wisconsin uses a. .
‘simple cableand pulley system-to.close-her

exteriorinsulating panels from-the inside,




DOMESTIC HOT WATER PREHEATING IN

/\ sunple solar hot water Bearer may be added to the.

;,reonhouse by running the cold water supply for your

© . existing hot ‘water_heater Lhroug,h a preheat tank .that

sits -in the- greenhouse sun, “Such "an installation re-
.quires some experience with plumbing, but is fairly easy
“and-simple. The ‘greenhouse provides the “glazing” for

“this tank, and heat storage keeps it from freezing: If -

the greenhousc is.not used during the winter, the,preheat
~-portion of the system can be drained, =0 *

“Asalways, conservation measures should be taken be-
foro installing”any kind of: solar system
conventional hot water t:

Set the tempera-
ture-on thet

cater to npplmlmaloly 120

‘asolar prehealter
. Us({ | L,,ood quality‘,' 30-50 gallon tgmk, such as n‘.'gl

) the 1 warm hous(‘ wall to I1(‘l|) Dl()[(‘(“t lI e tank trom

» freezing. Choose a spot’in the greénhouse

: tsees ‘direct
sum allyear (Flburc 9.6) . - ) : g

Cald to the bottom of the pre-

“heat tank. The ﬁolar hea’ted hot water is drawn off-the

*top an routed into the cold water supplysfor your con-"
. vvnl\oml hot water heater. Mounting the preheat tank .
Hy will assistinseparating the hot water from the -

tithéation (the separaling of hot and cold watér)
simiply because -the hot water is lighter thin the
9o verlical tank, the turbulance caused hy intro-
ducing more ¢old water (when yot ‘use hat water in'the
house)lis localized in the botmm With horizontal tanks,
cold water mixing seems fo take place throughout a
grealeivolume of waler. When the « ol(l and hot water

sulate your.

= few house-:
“hold usesrequire hotter waler, 1]1(‘n, and cﬁaly th(‘n .1(i(l‘

FIGURE 9.6 L,roenhouw preheat mnl\ Ior domestlL hot svater use
"w

mix, the preheater s eftluency decreases because warm
instead of hot water is drawn off  The existing hot water
heater theri uses more energy .to boost the water to.a .

““usable‘temperature. - Another heatsaving step :is to in-

sulate-the_hot water outlet:of the preheat tank :all the

“way to the existing hot water heater. Also, in cold cli-:

mates an additional layer of ;,]a/mb—per'naps even two
over. the tank will-increase water tem )ofattlros and ;.,lvc
uddltlondl protec tlon from rrt‘eun o

[ S ess to.an-in-
e,\po sive supply ot warm water for plants; Cold water is -
a shock to plants and retards growth soméewhatInwin-
ter sun-warmed water.can be avgrq;at benefit;
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Chapfer 10 v

INTERIOR |
MANAGEMENT__

B

T view.is not an exhaustive compilation of existing terhmqu

A—s a green‘hbuse grower, you wlll be mterested in: effumenL

and convenient plant production’ “Thusiitis necessary

to design the various productjon details to- optlmlzo plai
g,rowﬂw and to. Satl\ly yourindividual needw aswell

This ¢hapter reviews some gereral: canstruetion ;,u,ldolm(‘s

for beds, benches and troughs; as well:as various ‘watering

aystems that.are appropriate for ;,roonhouses While this re-. - ;‘

P

*the. |nformat|on %hould help you des:gn 'iompohents that suit
your needswell " : \
(A helpful references on bther aspects of greenhouse oper-
ation is Biological Managementof Passive Solar Greenhouses, '
~a 16-page bibliography and resource. |Ht avallable for $ 70

from«NCAT P O Box 3838 Butte Montana 59701 )

W 8

BH)S AN[J BE NCI1i5 |

Thu &romm, nrm insice lhf’ ;,reenhouso can be arran&,(\d in
~ many Ways, Yoy nvod to make the apprapriate tradeoffsibg-
tween stora;,o space, pathways and g2rowing areas and then
“design a suitable floor plans The most common pldnhm, ar .
rangements utilize benrhos beds or troughs, (‘)r 5()!)1‘0 com:
bination of the three. g -
~ Benches dre used froquenlly by commorrml produc ersfor .
_ernamental plant production, .and also can be used for start! 7.
ing seedllngs Plants placed on raised benches benefit from
the wdrmer air at that:level The air is usually tolder. at floor
level In addition, benches are very convenient when pots are .
~used for contamers—-pots can be moved:in-and otit qwckly
~-On the ‘other hand, pots are not suitable for growing most
vegetab]es hectause extra time for transplantlng operatians is.
requlred and, the spacésfor healthy raot growth-may not be .
adequato For g,rowmg, veget}.bleﬁ beds and tmu;,hs are more
suitable, : 5 . o
‘Benches can beas’ simple 25,2 few scraps of wood Iyln :
across thetop of heatstorage barrels or-they'can be’ ;,ooc? i
Iookmg, open- tables of 1:x:2 wood nailed together—resting -
on top of the heat storag,e or built with legs. The benches
should be of open cohstruction, as shown in Figure 10.1; Thus,
aircan curcuTate el§5|ly aroun,d the plants for thelr health an-’

L s 7 i : e B
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;,r()wth, and umunrl the heq
Srheatdn.and outolstorape.

it Hl()l.l;..(‘ to.inc lmw the t|()\‘\' of

r,

“Beds and troughs are the most (()mm(m systems for veg”
Lo e .\l)lg‘ |)r()(|u( tion in an organic ally managed preenhouse, A
S Bedids slm;)ly a Inu,(‘ container wtll\ some kKindof drainage.
“Usually, itis maceof wood and can sit either directly on the '
“préenhouse floor orona suru's of lags or supports (Figuré 10,2). o
. Different growers'h a\guhff fent preferences for bed d(‘slg,n» .
Some- people-are”Content” ‘to-build beds that hold only 8 to:
~o= 12701 soil while othérs prcfvr deeper containers. As'd general
rulesof lhumh thobg beds under organic managentent
shouled. l)v atleastiwo ((u'l (l(‘vp and contain at least-20" of-
Plas alittle sand tand pravelwnderheath forsdrainage.
“This depthallows ample room {or root de velopiment. | o
0 dtds almost impossible: tosprovide for too mych drain-
agtoana bed: more often, drainage is msnftl( ient and pirob-
e Horthe pl.m(\ and’ llw grower anse, In.)(l(‘qual(' drain-
cage keeps thedower s50il toowot and prevents: the lower |)lant
~rools ffom: petting the oxygen’ they! m(d AOld sgardeners -
say- llm ml‘\m plants (l()n t Ilkwlh(‘lrh‘(‘t wol ) ‘ :

T o T v § e : —
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~, fourinches of washed;

" Dr
- the bbllom bed boards at fr quent (6)-intervals. Because® thoy
are s¢ Iar;_,(' itis wise to co
g sp that sant, ;,ravol or'yoil does not fall out, You can
drill the Imlvs in rows and staple strips ‘of s¢ (\onm;, over onch
row, EOES . .

If y()ur bed h.nx aslat l)ollon . you can simplyleave spaces
betwetn the l)oltr)m hoards, apd then screen over the bot-
tom. Leave Y27 spaces between the boards, as the y will swell
whenwetand tend to close up thespaces.

“Atrough i o bed that is dug directly.into thv floor of tlw
;.,w('nhouw (Figure ™10, . Unless the earth be slow the green-
lmuw is ('\(vplmnally WUH dmln ' some sort of drainage

nnax,o can be provn(le( by drilling large holes — ¥ —into

o1 these holes with nylon screen- -

138 E s , : g
A i

must be prowdod in troughs, too %omo p('()pk‘ (/()nslrml
troughs by excavating down-about three feet, adding three or
iravel on the bottom: lining the sidey”
with boaids hetd in place with 2 x 25 or other posty that v\\
tend at'least 6" ‘above the level of the floor; and then filling
the troygh mth a saoll mixture. “Concrete l)]mks bricks or
stones also can be used for edping the trough- bhie cl Troughs
hold in the soil mixture to a certain extent but alyo allow eirth-
worms and other soil organisms relatively Jrc*fac cess to the

sail. Other people simply. dig out a predetermifed aréa and

fill the hole with g soil mix_ It is important to-add your.own
soil mix,*even if you are bml(ilm, the un‘cnhoust) on top of
old ;,nr(l(-n s0il. ! : /

s oA trough system has the ndvamam ol/;,uvnm more ‘over:

head space, but should not be sed when the greenhouse
L,I.\/m),, does notextend down to'the ;,rmm(l orin areas where

there are problems with ehe native m; {suc heas matals con-:
tamination or .destructive rwm.nu(l}»s !n addition, some

“warmth- loving: ])HH(H may- not surdive at-flodr [yvul (lup

ing the winterain cold climates, Ihf' trovgh wall next-to the:
foundation should beinsulated: f;om the frozen ;Jr)uml Ot
side df the toundation itself is not insulated to the trouph’s
d«'pth (Figure 10.3). Troughs hulll direc lly Against continuous
foundations can utilize the f()llﬂ(ldll()n as oné wall. G
‘Using a trough near the south glazing and a raised bed on
the north side of the gregnhouse is a good growing dl'(‘d com-
bination:(Figure 10. 4),/
shade crops in thefear planting bed. Also, the excavation
already done for, the foundation wall will save some digging,

PRESERVATIVES Wherev(’r wood comes in contact with
mousture and rot- producm;s sQil orl,dnlsms it must be pre-

“served:“and wood used in plantm;, beds must be (wpv( ity

saferto planls

Most avood prosurvalwc are Loxic to [)lants b('Lduw lh(‘
contain phéenolic conipounds. There are a‘few safe ones, in-
cluding oil-base paints free of asphalt, mercury and lead;
Varathane; and copper naphthanate: Copper naphlhdnato'

. ac tually kills some beneficial soil fungi’'and baCt( ria where it

f = : i . E

all plants. in -the front trough won't.-:-




; { ol - i
This converted M setts greenhouse ulilizes theold
‘concrete porc /Ioo/ and steps to provide.an excellent growing
.um:mumunl Thelo

wer front beds and raised roar bmls mmp/e

ment incoming IfLI teffectively, |

| L .

As new, and nl‘ﬂr) releases m\i funws asitdries 1fitis neces.
sary to nw,(hl‘s preservative, it would be safer to leave the
treated ‘beds putsitle to weather for a few ‘months. (Inci-
1y, |f you used copper naphthanate orethe preenhouse
structure, the perservative should be applied fong before th(*
nlanli_\ are in) ﬂ S |
Another way to protect your beds is to line the sides with
plastic film Use small scraps of .wood to attach the plastic.
Don’t cover the bottom<of the. b this way because'it_will
interfere withdrainage. .. :
A third alternatlve is 'to use rot—reslstant wood,such as
cedar or redwood. However, thesc wood dypes are expen-
sive and scarce natural re;ources in most parts of the Umted

‘ I"ﬂl@
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/\s W|lh o(lwr romponvnls you; Imvc sovvml optmns whoﬁ
selecting a \valvr systvm T Iw mnbo is wide: from the simplest 2 o0
slaborate »mltomntod systems,
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L ‘ B
leltmg “factors to consxder include the type. of c;ops
Bemg produced, the size of your growing space, the climatic
_conditions -of your sgnvironment, your personal time allot-
ment, cost, materials available and: maintenance require--
ments, Obwously you ‘must set your own prmrmos Is time
', mare.important to you than money? " d
- Choice of crops and area of growingspace -are two. pri-
mary-considerations: Plants have differing-water-needs. Cer-
tain plants do not take klndly to-having their foilage wet
s (violets; gloxinias) and would obwously not do well with an’
overhéad spray or mist system. Some COmbl/athl'lS of plants
cannot’be grown under the same conditions using a system
~which waters all the crops equally; Likewise, pots (if you use
~them, instead of beds) of varying sizes will hﬂV(‘ different’ to watering from b?low t utilizes the principle of capillary
water-needs. On the other hand; if you are dealing with a large action which allows the ,,01| to take up.the amount of water.
Sgrowing area, the amount of lnlmr and time‘involved in hand that -the;plant needs 1 w wick (g 2 0f orbent woven::
watering each individual-crop or plant may.not he justified nylon) runs from th ml inthe bottom of the: pot to the:
© Remember, it does not rain inside the, nhouse Plants are  water source. When ‘they soit dries it pulls more water from
“enti Rzly dependent upon the ;,rounlwm > operator and tlw the wick; maintaining an vquﬂtl“)rmm between the water avail-
watering system for their livelihood, : ‘ : and ‘the plant’s needs. An appealing advantage of the:
HAND METHODS: Hand watering is the simplest and (lw o wick system is that the plants can be left un.lll(-n(l(‘(l for:
least ‘costly, but also the most time consuming. Theie are long ‘periods of - time. As long as the watee source is plenti-
several hand watering methods, The oldest and most basic: = ful, plants can take.care of their cown swater needs 1t s
~method is the swatering bucket. It involves humbrous trips dlso a useful syistem for plants that dislike getting wet” Among
from the wafer source to the plants. Changeable “roses” or the problems, though, are-the set-up cost for this:system, and
nozzle heads may be obtainable for your bucket that per: the possible unattractive appearance, Also, salt buildup is
mit-a variety of patterns and force with which-to water. - I'ikely and should be dealt with as mentioned above,
“‘Another methocl is watering from below by setting your. « - The most common-hand watering system is the hose. As
“pots in tubs. These tubs should be filled with we “with the watering bucket, various heads or nozzles can be
depth of about one- half the height of the pet. This approach  utilized for different patterns, force and quantity effects.
allows for a thorough watering. But be suré to use soil that . Some of the ayaitable nozzles include mist heads, spray
dralns well, This method is useful in g qhouses with plants = heads, jets and guns which allow the water to be Lanlmll(-d
that react neg patively:to getting their lo,lla;,(' wel However:” Il}.,h( atyour lmnd The hosetis aneéxpensive, labor- intensive
‘ wntvrm;, from l)(‘low ism nnd llmo consuming. Also, u systemowhich can be set up to reach all areas of your green-
yil and pot surfac el house, Be sure to keep the nozzle off ‘the ground at all times:
noll((nbl(\ by a Wl‘llf(‘ fllm ,W’ n nnd if salt buildup oc- Bacteria, fungi and other pathogens can be spread to all = -
«curs, a good-leac hlm, of-the soil by wa(ormg, {mm ahow will % “areas of your greerthouse if the nozzle is infectad, AddltlormWy,”
T be n(‘(("ssmy e S . S ‘d hoso isa handy tool nround the ;:,roenhous(* regérdless o/ g

A third -hand method, the wick system is samewhat similar




Lhe wrlg,auon ﬂystem in use It Qan be hclpful for waterlng
pots before thdy are taken from thégreenhouse or for other
“singular situations—for exdmple, to wet down the floor of*.
the greenhouse in order to raise the humidity. 7

: SOPHISTICATED"SYSTEMS: More sophisticated lrru,atlon
9yblem<i generally require increased costs and, in terms of
“initial installation and maintenance time, more labor. Manyp

cof- these! systems can be automated, whlrh could justify, the

labor of finitial |nstallat|on and maintenance. On the other

“hand, your decision will: depend partly on the size of the-

growing area. |t mlgh{ be hard to justfiy an automated: Rophxs»“
ticated, system if your growing space is minimal -

»-Drip Syqlemsv Drlp systems (Figure 10.5) often-are usod in
“areenhous tup to produce potted plants and can be es-
pecially usefulinareds.of the country where water scarcity is
aserious probl(‘m They are designed to provide water to the
‘ pldnls lhroug,h a_series of plastic or. metal pipes and smnll,‘_
~shaghetti’” tubes, Designed to drip_the water-into the
thv%v spaghetti tubes are fitted with plastic end pieces whi
" are poked into or laid on (hg\ sail beside the.plant, /\llho glp
-very ithorojigh-and. efficieqt, this walering method mqum‘@

e

tha( all the plants on any particular portmn “of the drlv 5\/\(4 m 1

{ . RS

, , : :
have the same wate‘hng needs. The \Df is ru,n'uhtil all the 5

potsshow signs of drainage throughout.

Whenfunctioning properly, the drip system saves tlmo and
water Theability: toioop the foilage dry is another plus-One,
problom with drip irrigation is. mechanical: sometimes the.

Ctubes pop out of the pipes due to fluctuating. pressures,

“is thesfendency of the small individual tubeé to clog up with

Water pressure also can be a problem where the pipes are, -
e\trenwly long, causing variations from: one end of the system
to the other. Thus, the plants furthest from- the 'water inlet
©“may not receive the safie quantitiy of water Another probLem

debris. Pots must be checked regt arly to insure that they are
dll,&,ettm&water {rom therrtubts , :

Misting: Misting is excellent for the pro‘dugtion of starts;
seedlings and cuttings. This type of production requires moist

~air space around the leaves.to maintain turgor .mcl pmmole ;

rapid root development and plantgrowth.

" The foundation piping of the mist system can he’ ﬁmular to
that for drip-irrigation (Figure 10.6); Plastic or ‘metal pipes
run the length of the bed or bench. From these pipes, upright

piping with mist heads are attac hed: These are designed to
vary according lo the

cover-a spomtl(‘ area ovvnly and will.
>
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FIGURE 10.5 Drip tube irrigation system L . i FIGURE 10. 6 Mist >pray r ozzle lrrlgam):n system oL L
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'lyp( o( Hwarl,,
cover i
“desired

‘opllorg if you are only produum_, starts-or clom;:, prepagation’”
“of cuttings, seedlings, etc. But f

TN

c(Figura \()7] is,similar in; sllutlur(‘ L0 lhv mist $ystem, The -
only It‘dl (llff(‘lvn(v is the (y[)u Ofsn()/zlo 0!‘
‘pl()vl(ly - mm(- h)l(otul wal(

; or«wed |

0.7 Qverhead spray,irrigatin‘n system . al : |

) b . |
o ‘: i i
120 ol pll)lm, an(l walt‘r |)j(:‘ssulv Mlsl \M n‘(“‘l"s"l .
m-a 180° to 360° area and usually can b set Hfr,thvf
}allmns Your mist head choice 'will mfluon(v how.
you lay:ol bulyour piping: 11 the mist nozzle only.¢overs (1\1800
area; your piping will b(‘Jalcl outalong one edge of th( bed ,
or b(\n( h; with'a 360P nozzle, however, the plplm, can ;,0 down‘
“the denter of the g growingstructure. :
-With misting, your plants’ waterneeds agmn miist bo simi-

U]

. .Iar for evary area covered by specific portiéns of the system. .
‘A timer:can be used to automate yolr.-niist: Mi:tméL shauld

not be used to meet normal watering needs becc (s only" o

covers, foliag,e and stxnrface areas with a ||E,ht spray ‘to’ pre-

vent W||llng, and drying out: of the soil. Again, it is a gaed |

r tllorom,l\ Wi
plants and pots, mlslm;.,l pquate:
Overhead, Irru.,ntmn “The overhead:-arrig,

fering ot Ia,“,or g

a'(‘xon apm oagh

head, whub
\ an, 0\/( lhoac{

l h(“

5cdﬁ
lk
\ s

)

< ieycled back into the groundwaler ‘table; (Reﬁe_arcl'

'%nulrmonal needs through thi

Jstudy to grasp the (oncepts [t also
< which demand

o lLE\' IL‘F{IIIIOH whxgh are derlved From fossil fuels, But tbor({‘

GREYWATER: Greywater refers to wastewater from the.
wkitchen,"bathroom sink.-and tub whnch are not-contaminated
by human wastes. Using greywater for yeenhouse lrrléathn
is ‘a recycllﬁg system which. deserve& some attention: and
lur{néf TESE&?CH in-the L,w waltersystem, uu_ water s ;,(:m'muyu :
run through arough filter such as gravel ‘which screens out
darge particles and debris such-as hair; food scraps, lint, etc.
The greenhouse beds are used as leachln@, fields for grey-

i
‘water pUFIfICEltIQﬂ In theory‘ agreywafer system serves two

purposes: 1)t provides water and nutr’lents to ‘the plants in:
—the: greenhomt*, ,aﬁdﬁ"jﬂurlfie&nﬂﬁemﬂter before it is re-

s bemg,-

done by Abhy. Rockefeller and Carl Lms;rom in Cambnd;,e,
Githey plan 1o publish a manual of d.,lg,rv cnterla for , 11‘

ateruseina grt.onhou ) : I i

: Proba 1Iy the. ultlm.ato "wuturnu, nwlhdU
.2 total approach of supplymp, all the |)| nts’

(¢ watér With hydm[mnl lhn .
rool \ﬁ‘tl(tllr(‘ issupported in varous medih
sand;: vcrmlculllo ‘perlitesor gravel. The mMru-nt niix sup«
plwd thit 1s-watering. proc uduru usually ls bed |nlo lh
IOO[ struc tur(,‘ m(*dlum on a frvquvnt lmsL

;i hydroponics

tood by tho nuophylc :
s-requires Dl’ﬁCtILL‘ angd
an |nten9|vo systom
nstant momtormg," nd admstment One'
roponms is the possnble ependence on. chem-

and ai somethlng, not easlly uﬁde
greenhouxe grow er. UsmU hydrop@m

‘“drawback’ lo"“hy

methaods: of hydropomr growing: See .’
lescribed i< his- Book: The Survnval/“"'
Gréenhousé'(hoxourL(. List). /\noll’wr LOHSI(I(‘I’dtl()n m«purvly iy
tac tllu' Working with porllto or g,mvvl Jus‘t isnt-as aaf’«, !
to many fokks as dl;.,umg, intog rich: hum\( sail. g :
Iho posmve aspc( ts. of hydropom( prodm tl(m mclucl

ﬂlt‘ DIO\’(‘H ()F;,‘IHK
- Jim- DeKorne's work




I ho frvqu,ont watormg,s ¢ (m b(* ﬁulom(rl( d t(m

W/\ Tl R TE Ml’l R/\ I lJRi

re ()f your irrigation w(lter is critical: Pl.mls

“temperatdres. Waler within a
. If you are operating your greenhouse

“storage barrels (i e 'l
4 ]

S

in (::/Id months or \\Iwn vuu pl.m tn w.\lor ui thv momum
1 the watef reserve is set up an a pl \Uorm .\lmvu th(' lwnrh
or bed leved, a hos i

(*ntly . : . b

A e Jl(‘(l nplnm s !0 uw ()m‘ nl”v(mr um)vr

15 your

ome water heating might bo necessary.

soukce is-from the attached stricture and Yo

“ontrol the temperature there, you're in good shape. If

: noL you mdy want to ¢onsider one of several options..
) fald g

WaleT pr(‘nmu T’
se a’
this method, thoun‘h* there are-a few thingsto L-(msld(r 1555

lﬂ(“ L)TJH( I[)I(‘ b ll 'alIHl, 3 5:) Hl\:’ll‘

hose to (lmm off ‘the necess

t oplmn
ater. 1 you -choose

‘pallons enou;,h to ‘meet vour watering ‘needs? "C

“tO-tHI- ;,,mbu;,,n can (uu 55- ).,LHIUII

t.lﬂrv(l in thegroen

onl(‘nts .\llowo(l lo warm:-up tq gree nhou.w
Ilu' waler ¢ ()ul(l take

The can must he

] olunpn [wate
rru/n(c\ from the tube
hy capillary action. Tl
prave /oped toone ¢ orner ane !h( nutrient solistion s re-
Cyc/(‘d tor lh& fub(w p

Crastianhibil
4 hours orlonger to

1(7rd {tthe nmrm) togive ug Uldl eSS \l()hlk.,l" ey y() TWi “ln;..

to replace the barrel as 3
s in-that drum? 11 you dm\\t'rv(l
wlutu)n

e s |mm ||)|v one

three (|uu\t|(m-,k this option may bea very-prac [|
_,/“\HF even more «*L\i)lu e sy stem: ol

o}




itibule keepi the lrngatlon water heated Natural convectlon,

tirculation® (based on the fact that warm: water rises) takess -

place within‘each-of the fourbarrels. Water is piped into the
1rre| at low pressure As itis warmed y the sun the

s nextbarrel t‘n(“h

riods ofithe.year when 50 gallons gf irrigation:
] ny lhg, water spvnd% ‘\bout fourdaysin

o)

Wbour 7’50 square (eel and |rr|;, (COE
75 mllona per chy /\pproxlmatoly Imlf (110 g,aﬂons) of
220 gallons uitable for whters
s, there is some “backup” warm’ |
in the case of a series of cold, cloudy days. Quadrupte.
ingis used” at the-NCAT greenhouée on the south side
‘ nt offthe barrels. The barrels are not insulated, as they
“help to warm the vestibule mwhich they are located, Water
from-this system averages about 55%in winter and 80°:in sum-
mer.dn contrast, tap water is, about 35%in wmter and 50°in:-
summer, - :




Anattached solar greenhousc s one.of
the most popular solarretrofit options
With combined benetits-af heat.and Lo ;
foad it is an attractive investment Choose, - ) |
a pood desipn thay witl satisfyv younr in- VU 3 :
Seividual peeds, Take vour time during : i
Construchon o ensure quality craftman
ship:Plnyauretort carefultly and good

{uck .

1
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These or;,am?atrons can help yOu dewgn and:construct a solar grenn—
“house tiat s appropriate for.your speciticsite and climate”As mentioned
~several times in this book. greenhouse designs. apd coﬁstruc}«)n techniques
that:work welliin‘one area of the country may not be suitdble in another.
“Advice from someane who has greenhouse buddrm, e\penence |n \your
|mmed|ate|ocalo can minimize problems. '

The -organizations are listed by federal regiorr(as

shown on the rap)and = 7
under-eachlisting is a letter(s)which indicates the kmrl of-assistance o.r(h

group can provrdo ER o . o
“C” conatructlon helh ”l" information(library*
e o and/or-questions:
D'’ —designassistance . ¢ answered, often’ f'réej
Zil(usually for afee) IR~
- s ) —workshopslcourses
//,,,,,,./'*/"’"" : ©+ ‘and “hands-on”
T D : L w4 instruetion on design,
: By . construction and

(s Ty management)

i o CSA Reglons L

- With the exception. of south Florida and Hawaii where gmonhrmws are
seldom used, there are several operating r,rr‘vnh()usr-a inithe United States,

“and atdeasta few groups.andindividualsin most areas prep ared to ()f[ur
assistance While this Jist is by no moans m:\h-mstwv it shuul(l Imd youjto
someone who.canhelp.

In addition to this' Resource List. tlwm are O(Iwr souTces of «\55|5mn(“u
thatyou ‘\hOllld investigater - -

State (andsometimes county) energy offrces Usualfy there is
someone on the staff-thatis familiarsih local greenhouse prajects, Many
agencies-offer publications, workshops, and eriergy.libraries on the sub-
ject, ‘and same may have compiled:their own directories of pe()pl(} uslng
solar r,neenhou:es in-their area. .

State and local associations: Programs, workshops .and access to.
books and plans for greenhouses areavailableithrough solar, energy-asso-
-ciations in many-parts of the country Your sthte energy.office will ‘have

“addresses for such groups. Gardening and greenhouse associations'also
“'may-be sources forworkshops ‘on greenhduse management\ Check wrth
yourlocal botanical'garden forwuerkshops.as well.

Educationalinstitutions, In.some areas, courses.and workshops an
solar greenhouse planning and:construction-are conducted hy vocatronal
technical schools, small colleges, and universities,

DeSlgnICOnStructlon firms. Firms that can provide plannrn;, help
or:a complete Custom design-are_available in many ‘artas, Professional
architects and engincers, desigh/build ‘construction companies, and indi-
vidual consultants with a background insolar greenhotises are becoming

. mcreacm;,ly common. Try.to find-one with-experience.in your climate.

** “Although an attempt was ‘made in ur survey:to identify the most active

-and reputable peopleiin. each'locale; NCAT cannot endorse any of the .

-groups or mdwrduah Irsted in this dlreclory SRR ; oty
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REG]O_N ] ‘? AR HARVEY.LORBER ’ : SOLSEARCH ARCHITECTS RARITAN VALLEY
i Room 110, Bangor Hall 1430 Massachusetts Avenue: COMMUNITY. CO-OP.
(NCW En;,land ME CT VT University ofMame‘ : Cambridge, MA 02138 182 Hamilton St
o o NH,RI MA) Bangor, ME 04401, : (617)494-2188 | - New Brunswick, NJ 08901
1 canpuwir ;, | copyeazaszo . (D) L (201)247-8246
| RD# . (D) SUNPLACE CORP. + Contact: Laure} King. ‘
/ | “Brooksfield, VT 05036 MEMPHRAMAGOG GROUP P.O.:Box 237, . L Alice Borsody
(802) 276-3061 e P.O. Box 456 / Hinesburg, VT 05464 S LW o
|.Contacti jfimlacillade - 5 Newporl VT 05855 1-(802) 658-3524 - SOUTH END SOLAR
(D) - e (802).334-8821 . /1 (802)482-2163 196 Morton Ave.. = &
CENTER FOR ECOLOGICAL\ ‘Conlact: Miriam Klein 4 Contact: B|l| Yanda - Atbany, NY 12202
TECHNOLOGY (C, DL, W)t SO T “{518) 465:6462" ¢ : : _
74 North Street iy NEW ALCHEMY INSTITUTE " TOTAL ENVIRONMENTAL Cantact; Herb Hugh : ‘ :
Pittsfield, MA 01201 “P.0O, Box 47 : ACTION oy €W 7 : v .
{413) 445:4556 T “Woods Hole, MA 02543 S Church Hill i " YOUTH DEVELOPMENT.
Contact: Ned Nxssau S Contact: Denise Backus - Harrisville, NH. 03450 SOCIETY. o K ’
D, 1w (D,--W) : : 1‘(()03)377 33747 0 P.O; Box 1127 ¢ S e
]EREMY COLEMAN v NORTHEAST: CARRY D, L \l\l] ! : - Ne\,\ Brunswick. N] 08903 .-
-Box 45 ‘ P.O. Box 187 : -WEATHER ENERGY SYSTEMS (201) 828-6880
arlboro vT 0'3344 Hallowell, ME 04347 P.O.Box 968 Contact; Maurice M. Sampson . /
(802)257:0735 L (207)623-1667 Pocasset,-MA 02559 (l; \N) : s
‘CORNERSTONES ., ‘Contact: Ron Poitras (617) 563-9337 : e
54 /(tumlu‘.‘(rlnnl(lSlreel (D,W) : Conlact Bob Sk\lton : ; ) ~//
Branswick, MEO4011 PARAL CINC, ‘ s 7 1
(207) 7290540 Box 180 : (C 2 : ‘ REG ION I" o
Contact Jonathan Gorham Hineshurg, V1 05461 : ! (Mid-Atlantic-DE- PA- WVT", -
“{W) - . (B02) A82:2940 'REC ‘ i MD VA) e
GREENHOUSE, ETC. Contact: Doug Taff REGIQN “ S DELAWARE SOLAR ENERGY
396 Cambridge Turnpike D) : 1o | (New York, New Jersey) ASSOCIATION <« %, , /
Concord, MA 01742 RHODE |SLAND | ENERGY TASK FORCE R&L 3, Box e f}»",,g ‘
(677) 369-1354 - .. GOVERNOR’S ENERGY - ~01.156 5th Ave. Oxlord, PA 19963
~Contact: Mml\WnrrI OFFICE New York, NY 10010 ! (302)731:0990.
R 1 80 Dean St S 202).675- ,]920 o Contact: Kent Viendrické
| HEARTWOOD Providencey. Rl 0)903/ -"f-ss* - Gontacketiy Lrt\{‘ner L LR L W
lohns_on Road = @an) 277-3773 7 : R \(D Wi o T ENERGY INFO%MATION CENTER“‘“
Washington, MA 02135 _Gontact: Peter. Wallis - N KELBAUGH & LEE. State Office of E?ﬁur;,cmy and
(433) 623-6677 - ; T, W “ oY 240 Nissan Streat - Energy Services s o ‘
W) ' ABBY ROCKEFELLER ,Princeton, N| 08540 310 Turner Rd, o
HOBBY GREEN“,Q_USE 14A Elliot Street ’(609).924:9576. . - Richmond,-VA 23225 .
4A55§('3CI'AB'0N Cambridge, MA 02138, Contact: Tom Swartz ©(804)745-3245 "
ady Drive -~ 617)491-5820 LalAD) - 800 552-38317n Virginia.. - «—
Wallingford, 106492 ED) ); : RAMAPO ALTERNATE . ( ) ﬂﬂ B
(215) 7940187 ‘ SHELZR INSTITUTE © " |'ENERGY CENTER -
(s W) | 38 Centre Street e 505 Ramapo Valley. Rd."
: i Bath, ME 04530 = Mahwah, NJ.07430.
(207) 443-9084 (201) 825-2800
(W) . Contact: Pete Savio
. i g (l w) :
i $
L i hod 4
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MID-ATLANTIC SOLAR L " REG ION IV S C_ZVEVORGIA lNSTITUTE OF i ‘PASS];\([:SOLA RETROFIT i
ENERGY ASSOCIATION - G U TECHNOLOGY “'PROJECT g
2233 Grays Ferry Avenue % (Southez\sl KY TN, NC SC : EnyneermgExperlmentStatlon cfoT VA - . \
Philadelphia, PA 19146 S GAJALMS, FL) Atlanta;GA 30305 = il SolarApplications Branch\
(215)963-0880 = w0 ALABAMA SOLAR ENERGY CENTER '(404)894 3623 o240 Chestnut St Towers 4
Contact: Llnda Knapp cooaer| PiOBox 12470 ‘ Contact: ThomasMcCowan “enseChattanooga “TN 37401 !
(LW) D Huntsville, AL 35807 . D) (615)755-3827
PENNSYLVANIA G 19(205) 895- 6361 en ' GEORGIA SOLAR COALITION Contact: Scott Hicks
DEPARTMENT OF Nl Contact BFUCE Nove“ . . 3110 Maple DI'IVE R ] i [D [) d : o ‘ Ty
COMMUNITY AFFAIRS - =~ O : ©| Atlanta, €A 30305 S : JIMPRIOR S
Office of Commumty Energy ~ | APPALACHIA’ SCIENCE lN ' (404) 231 9994 : i 133 Aldean Drive
| P.O. Box 156 e S f THE-PUBLIC:INTEREST Swg Sanford, FL 32771 Soentoie 0
sHarrisburg, PA. 17120 _ Box.298 : L L FRANK PORTER GRAHAM CEN!TfR ~(305) 323}465 S L &
(717) 783-2576° ; : Livingston, KY. 40445 Route 3, Box 95 (W) - !
Contact: Carol Cochran : (606) 453-4121 T admboro NC 28170 T SOLAR CRAFTERS INC _\ g
D,1,wW) X o Contact:|erry.Nichols : 1(704)857-9346. o | Route™, Box 487 ' Lo e
SCOTT COUNTY RURAL o o LWy o Contqct Cary Fowler - “ ) Strawberry Plains, 1N 37871 F
AREAS DEVELOPMENT . ot AQUATIC-AGRICULTURAL e iy o n{615)933-6741 : k
ASSOCIATION G INSTITUTE FOR RESEARCH v [ RANDY HQDGES G (,()nmcl Len Mar!ow .
P.O. Box 416, 1| Route 4, Tasli Lane »‘ o DRT 4, Box'68Y gy : D -
Gate City, VA 24251 . ‘Strawberry Plains, TN 37871 - . Clinton, TN 37716 . | sowz ENERGY WORKS L
{703) 386-644.1 - ! - 4615)933-6741 2] (615)457:593.. Division of Farm Bmldmp, (,omp.my
Contact: Etro ss” : “| Contact: NﬂnCYWhlthCﬂd ‘ (W) i S . TheFarm: \ ;
(1,G;:D,W): : 4D - : ,PAUL K|0N(?VE S Summertown, TN :.3848.3
SHADES OF V o |EAST TENNESSEE' OMMUNITY eremiah R : (615) 964-3579 |
PO BOX?QF WEST IRGlNIA | DESIGN CENTER . I Chapel Hill,NC 77514 : [ Contact Petec Hoyt . o
andsione WV 25985 -» it 1522 Highland Avenué (919) 933-0010 Sl : (C7D) e
£304) 466 1972 o \ 4 Knoxville, TN 137916 i (W) | THE SQOLAR GREENHOUSE S
Contact \John Averil T\ T615) 5259945 ' (7| LONGBRANCH ENVIRONMENTAL EMPLOYMENT PROJECT :
e 7 N “Contact: Frank Sparkman’ - - E?U7CQTI?BN2CENTER ic/oCollege-of Community Health
o N DY ) -2, Box RN : Sciences: - .. ; o
I;;ECS?;A;{E_;S)C]:SC(; Coonty\ ENERGY DESIGNS ARCHITECTS Leicester, NC 28748 v University of Alabama .
7630 Rockland Street , \\ 201'Woodrow Stréet (704) 683-3662 ' : Box 6291
Lanraster PAATE02 \\ ;| Columbia, 5C:29205. .. . Contact: PaulGallimore o 4 “University, AL 35486
(7170291051 e S0 1(803)799-7495 o e : (w) ; . (205)348-7942.
Contact: Steve Slelnbacher : iContact: Dick Lamar -~ = MAD DOG DESIGN & | Contact Bill Dow e -
CRLW. (YDI)LL’EPPE ARCH c o 1(3:or~#52722%1cnor~1 ' (SVCV))LAR PLE‘XUS L
b i} S ARC ITE TS ol ]s Box L e
I)Ii;(;:';RNTOA'SSTY EDUCATION | /AND.PLANNERS. 0 s Tallahassee, FL 37?08 : : Warne, NC:. 28909 s
WV Univeraty | 423 SWTOthStreet = - 17(904) 2222667 | (704)389-8523° ‘
Suite 609 AllenyHall ‘ ! aiSeswlrle FL 32601 ] Contact:Burt Davy : Confact: Robert Boone :
Margantown, WV 26506 . . '%304 \3‘75-5191 Praah ‘ (fs(E\IESl\g\QIPPI SOLAR ENERGY ‘ (sCoLD/iR WORKS .
(304) 293-3803 ontact:-Peter Prug . )
Contact:-Dr. Paul DeVore L (D) ; AISOCIATION : 6710 Charlotte =
(L, W) . FEDERATION OF SOUTHERN | 225W. Lampkin Road = .| ‘Nashville, TN 137209 )
A IR COOPERATIVES o Starkville, MS 39759 = - Contact: Eric Lewis . s .
-— | POBox9s. " - (601)3237246 = 7 ¢ Sl D) ‘
L ‘ 8 Epes, AL 35450 . I Contact - Pablo Okhuysen : R S '
: 7 (205)652-9676, T T T oWy : Sy : ‘ ,
Cnind ; | Contact: Fred Cooper . EaE | . j'.,~ e S : ( iy
\ i : (CDW)‘~ P | : TR OO D
%, N e 2 'Y -
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,SOUTH[RN SUN, INC
746 Franklin Streot

“Natchez, MS 39120
601 ) 446- 7(1()4 <

Contact: Pierce Hullor

(¢, D)

SUNBROTHERS SOIAR qYﬁTlM
220 Richardson Avenug
Murfrmwlmm N 47130 7

{6'15) 890-32

Contacl: loum (,uh'nfl(s Denmis

”MAYIMUMFOTFNTIAL BUILDINC
SYSTEMS. :

BO04 M Road ‘NN

Avistin X 748724

(512) 928-4780 -

Contact: Phny. Eisk

(12,1:4)

—NEWMEXICO”SOITAR ENERGY e

< ASSOCIATION
P (0K BO\ 7004

IREGIONV -
(MidwestzOH, IN, T WE M

'AR[A VO-TECH INSTITUTE =
m,hway 34 East

Canladl: l{dndlt_ Hl.lm-ll Mr,w“__;“

(CD)

TENNESSEE LNVIRONMINTAL

COUNCIL
‘!’ O Box 1422

Nashyille, TN 37202

(615) 2511110,

Contact: M.lyu l.\ylm

(1,W)
ASSOCIATION

L@ pazaan “A17-Superior Stropt”

- .»(m(.ul Jim Wiley

(G
‘CENT[R FOR LOCAL SELF-

'Mil\tfl,‘.‘\p()“S, MN 55 .CONSTRU(TION i "’ . “Conbiet Bill Zowhck

H012) §24-6663 .

INGHAM COUNTY ENERGY QFFICE
121 Last Maple : : 505 ) 983:2

“Madsan, MU B854 E e (G DLW

SYSTEMS

l\msl()r(l ()Il 43460 .
: SUNSPACEINC.

'( unlm Jaryitang Lo Bovhzor, o0
Lo wL . Ada DK 74820

SUNSPACE DESIGN AND 105) “’”‘”"

I Johtison- i W
Meardison: \‘\‘l"““WUT : : 1EYTSOLAR ENERGY

' +-Contact:-fohmFeriman -

P.O, Box 448
Jefferson City,
(15) 397-259

Contact: IOL Hullqulst

(LW

S TENNESSEE SUN WORKS
Route:l, Box 179 ‘
C hmlmnd TN 37037

(615) B96-4315

Contact; Carl Hmn(lon .

(€. D)

| CENTERFOR
NEIGHBORHOOD
TECHNOLOGY

570 West Randaolph St.
Chicago, 1L-b0606 ..
e asaotae o

. ’;'C(mlau Paige Chapu

CE()RCE CODER
I ’H’ l\( kson’ /\\'v

fNVIRONMl NTAL RESEARCH:
“INSTITUTE-OF MlCHlGAN
PO Box 8614
Ann Arbor, ML
(313)994-1200 .
| Contagt Reed Mae

JINATURAL RESOURCES

(60B) 2571743 SOCIETY :
Contact; BobForrer : 600 W.28th No. 101
(CAD, 1 W) : .1 Austing TX 78705
Lot 4512) 472-1252
AW

REGlON Vl

(Snuth\\csl NM,TX, OK, AK, LA]

ALTERNATIVE fNERGY SYSTEMS
PO Box 7
"m L ART72013

) “175‘)5 :
((ml.ul:-\h'\vl I.ultmlunw
(CT AW X
lOUlQlANA DLPAR1MI‘NT OF.

Divisien of Researchand=:= = il AT
S Revelopment : ‘ :

: Box 44586

B atbn Rouge, LA 7()?’)1)1
(504) 3424592
Contact: KeithQverdyke
SO WY
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REGION VIl
(Plalnq KS; MO, A, NE)
BETA FOUNDATION. PKO]ECT
Stevens College
Columbia,”MO.65201
(314) 4422210 :
Eontact: Wal}ace Wells L

(LEYW) - : 1

CENTER FOR RURAL AFFAIRS '

S=PAOL Box 405 ; Rk
walthill, NE 68067 . *
(402) 846-5428 - -
Contact; Donald Ralsion
(1,D,C, W) ; :
ENEGRY RESOURCE SYSTEM
ANALYST
Energy Test: Houw
‘Wichita Div. of Energy
1602 Mclean Blvd.»
Wichita, KS 67213
(316).265-4193
‘Contact: Terry: Behrendt
(1,D,C.W) :
IOWA CENTER FOR SELF-
REUIANCE = -
3500 Kingman Blvd.

Ly

MISSOURI SOLAR OEF| E
Department of Natural esq\urces
1014 Madison Street e
Jefferson City, MOX ()‘31()1
(314)751-4000

Contact: Herb'Wade

(1, W).

~ —~NEBRASKA SOLAR GFFICE““*"

W .197 ‘Nebraska Hall

Lincoln, NE 68588 " )
(402) 472-3414 A
Contact Paul Popinchalk . -§"
U : ‘
SIOUXLAND SOLAR ENERGY
-ASSOCIATION

#2606 ) ones St.

Sioux City, 1A 51101

L (712) 258-6790

Contact: Mac /\ lowxs

(DREE .
“SOLAR GREENHOUSE

" ASSOCIATION

34 N Gore Avenue
W(‘bstchrovv MO . 63119,
foid ey
May‘Podvrson

+ Des Moines, |A 50311 ;
{51.5).27.2:0968 e

ontact: Steve Severence
1) .

ANSAS EN RGY OFFICE
2ﬁ4W (Jth
Topeka, KS a()(s(n‘

Contact: CCOI},(‘ L. Sasser
(W) S

7

1221°Th
‘Manhatten, _
{(913) 532- 5953
+Contatct: Sue Maes
(l C,DW) iy

REGION VIIl

{Racky Mounl

AERO - ALTERNAT
ENERGY RESOURCE

ORGANIZATION

~435-5tapleton Bldg.

~Billings, MT-59101
7(406).259-1958

Contact Momque Mandah :

UT, CO, W Yf

COMMUNITY ACTION OF
LARAMIE COUNTY

WY H 2007
5.9291 :
ry C] arber:

(307).635
Contact
(\N

] CUSTOM SOLAR
}APPLICATIONS

P.O. Box 641 .
“Crowheart; WY 82512

W

JIM BAERG
Box 1146 .
“Bozeman, MT 59715
{406) 587-0567
(G, D)

NORM BARNES
1159.E Stratfor
Salt.Lake City:
(8071) 485:8648
((OF |1
CQLORADO MOUNTAIN
~COLLEGE,A.T. PROGRAM
3000 County RA T4~
Glenwood Springs, CO 81601
(303).945-7481 :
Contact: Larry Puleo

Avenue!
T 94106

dom

.{307):486- 2224

“Contact: Dave’Neary

(C1L,CW) o
DAKOTA SU?
Box 5033

--Grand-Forks: ND- 58201

(701)25: 60
Contact: Dave H
‘(W

a‘Yev.

' DOMESTIC TECHNOLOGY
1 INSTITUTE . S

12‘320W051C(~(InrDﬂve '
Lakewood, /€O 80228

(303) 9983054
-1 Contact: Mnlcqlm Llllywhm e
SADHW)
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SAN. LUIS-VALLEY- SOLAR

ENERGY.ASSOCIATION
PO Box 1284
Alamosa, CO 81101
(303) 589.2233

Contact: Bob Dunsmorc
(DA \\') :

SOUTH DAI\OTA OFFICE OF
ENERGY AND.EOLICY
Capital Lake Plaza
Pierre, S0 57501

(605} 773-3603

Contact: Steve Wegman

1!1\'\1
602y 7

[ IREGION IX

1 tWest:Coast: CANY, r\l)

A. ﬁ(’)l»\ \C1ION IL»\M :
1y Flagstad C:Center for Appropri m*'
| Technology.:
Box 1443

CContact: Buck ()rndnrl Joe Coston
(CoD1-WY
CALlFORNIA OFFICE OF

0w 2. | APPROPRIATE TECHNOIOGY:
. LOCAL ASSISTANCE GROUP &
SUN’S RIGHT GREENHOUSES | gox 1677
s : e ; Box 370 e Sacramento, CA 95814
DAVID [LTRINC i NEW - WESTERN ENERGY SHOW Huntingion, UT 84528 : 4 (916).445-1803) '

226 Power.Block Building L ABOTYOB7-2085

Helena, M1 5960 ‘ (tmlml Alan Iiunmnn

(A06) 4437272 - 1) :

S Contact: Jon I)nny

CTION PUBLIC {1, W)

[NI"R(“Y INFORMATION OFFICE PEOPLE'S ALTERNATIVﬁ
ENERGY SERVICE w

Route 1,-Box 3-A

A e

{0)
HABITAT CENTER
62 Chsten D,
TRachec AYASH3

=1294

Tynn: Nelson

s \\\

FARALLONES INSTIT
15290.Coleman Valley. |
Oceidental "CA 95465

(1, W) 1 Contact: /\rmu & Maria Valdez
MONTANA SUNI[AM S CDLwW)

~Box 21 S /| PONDERA SOLAR ALLIANCE | Sl alison By
Circle, MT. ”J)I_ B P.Q. Box 1252 SAV }T
(406) 485-2180- - Conrad, MT 59435 ; NTA BARBARA: -
Contact: John Brown . : (406) 778 5330 : g ; 4 ) COMMUN'(T)Y AC”ON
. (G D W) ~Contact::Dale Hheldon R o g(%MI:ISIISl N
e e (DCW) T Lo : S-Hollister .

"REGION 9 COMMUNITY =~ o FGaleta, £A9ATTO

11B05) 964-8857

o el | SE VICES AGENGY. ontact: Matthew Steen..
‘ 101N MR Avenue =k R ; 0.C D Wi
ot 1401 , | SUN MOUNTAIN DESIGN
gt CoRt e Bud Fvans . b 4.0 1eroux St, A
Y (D) ‘ N . S -Flagstaff, AL B6OOT
’ L : _ (602)7774-3252.

Vo e e e S D . <l-Contact: Joe. C
: ;. (C01W)




. REGION X
. (Nnrthwosl OR WA 1D, AK)

* Twisp, WA 98856

=

ALASKA ALTERNAT"E ENERGY.

| RESOURCE CENTER .

11069 W bth Street
‘Anchorage, 'AK 99501
(907) 274-3621 .+ :
“Contact: Nancy Lee R
(I, Wy R

COMMUNITY SELF- RELIANCE
Box 73488
Fairbanks, AK 99707-
(907) 456+ 7(174
Contacl: Alex SLala
(1;W)
“ALTERNATE ENERGY SYSTEMS
-Box 187 3

(509):996-2490 - !

Contacl: Aileen Jeffries, - "~
Pcler Morrison

(C D)

‘ ECOTOPE GROUP

~'2332 EasttMadison
Sedttle, WA 98112
(202) 332-3753
AR e
KITTITAS VALLEY .
ALTERNATIVE ENERGY o

|- ASSOCIATION ' -

ENERGY RESOURCE CENTER
Washington [nerg,y E\tcmlon

Service - -

1092 W, bth ;

PO Box 282

‘Lflcnsburg, WA 989 26

(509) 962- 9863 l\l )‘3

(L,D,CWy :

WASHINGTON APPROPRIATE
& CREATIVE TECHNOLOGY
P20, Box 385"

Republic, WA 99166

(509) :775-3865 .

(509) 775-3341 -

Contact:‘Mike Nelson
(ILCDW)

ALASKA FEDERATION FOR ‘ L

NEWACT - NORTH EAST .- |

1 (208) 336
7 Contact: Dan Smith

o |

1 'RAINSHADOW

3237 Bast- Lake Aves
Seattle, WA 98102
(200) 3232377
Contact: Tim McGee
(C;W,D)

.,“

| "SOLAR ENERGY
- ASSOCIATION. OF: IDAHO

Box 27613 1
Boise," | 83,701
1526

(D,LW)

y :

P.O. Box 4377
Station E

- Ottowa,‘Ontario

(673 233-0928 00 ,‘ St

(W) o
THE DRAWING ROOM o
GRAPHICS SERVICES, LTD. :
P.0. Box 86627

N.. Vancouver, BC VZL.4L2
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-An As;:ssmen! of Control ed Enwronmenlnl A;,nculwr‘\l Technol()gy
Prepared by: B
- Lawrcnce H deBivort :
"“Sponsored by: i L : R
National Science Fouhdation B : g
“Available from: /'
National Technical Information Services
1.5 Dept. of Commerce . : L .
“Springfield, Vlrglnia] 22161 - | :
1978~ oy
A‘This*report repre<ené an ovorwew of !
-culture,” its use today and its potential. Reviews of operating commercial
food areenhouses, analysis ol the élements of greenhouse plant growth,
a description of (ui
~look:-at-economics ind social impacts.are included-in-the volume. This'is
a valuable publication, especially-forexperienced growers inferested in
technical n&;sgs,sm({nls of far cale preenhouse vepetable production”

. 462 pages $15.00

t

Building and Usmg, a Solar Hcalcd GC()(I(_";IC Grcenhouse .
Prepared by

John Fontanetta nnd Al Hollv - B VAU TN B
Published by: . . T
‘Garden Way Publlshmb L ¥ :
,Charlo((e V105445 = v §
1979 194pages © %895

Fontanetta -and ‘Heller .describe a geodesic ‘dome -greenhouse {25 ft.
diameter) developed. by their research group ‘at New York’s Fordham

University. Th’eAw.fsqugfoo; structure was built for less than $480.in

. materials (in-19Z6)-This-tew Tost was achieved through the use of rein-
farced polyethylene oEnner.and.outer. skins, and because. the.dome’s
inherent- \trQTEl—b_CLILOWOd 122 framing. Although the prototype had en:
dured tweryedrs of operations with no major problems since.the book g

“written, the maferials usetwould supgesta fairly:short lifetime for th(
structure, ()noymrld expect:moisture trapped-in the fiberglass insula-
tion {which-isénclosed between two layers of polyethylene) to reduce

fliciency.

ost; eRerpps effh n-nl ;,rvvnhouw design.
e

Building and Using Our Sun Heated Grccnhousc
Prepared by: ., . e ;
Helen anclScoltNearlm,\ : / S o
‘Published by: - I : e
Garden Way Publishing Company :
Charlott(‘ VT 05445

“Controlled ansronmcntal Agri-

rent- growing space construction technology, -and 1”

Non(\(lwl(\ss the nulhon present nn exciting o\amplo of Iow-»

o lmn.gm(lplmos mak

: mtereﬁted

5695
_Thls is the Nearings’ account of the ‘nnldln;, and operatlon of their home-
built solarsgreenhouse in ‘coastal Maine. 1t is ‘expressly aimed ‘at fellow
homesteaders, and about half the book is taken up with pictures and
*quotes, They offer useful“information.and some interesting SLIL,[,CSUOHS
concernings the practicability of wrowing cold®hardy vegetables inasun-
“heated (no-back-up system) greenhouse inpthe North. Temperate Zone

1977 148 pages. " » A

General” low-cost :construction advice -along sith “details “on “pourini .

*tone-faced concrete'walls with movable forms-is presented, The MNearings':

book is-a-g6od inspiration source for.the mdrvldual that wants to bulld
“a greenhome with mmlmal dollar 1nve5tment

Coal Ash Utilizalion: Fly Ash, Botlom Ash and Slag ST
Edited by. - . i i T : )

S, Torrey L e Lol . :
Published By - o B L
Noyes Data Corporation S e s - 5

Mill.Road at:Grand Avenue . I
Park Ridge, New Jersey 076 J() Loy . \ - :
1978 370 pagés: : .95

Fly ash, the fine residue resulting from the fombustion o
“substitute for Porttahd cement.in conrrctu Infact; due toits very small

particle size fly ash concrete is actually Superior to ¢ onvmmondl cement

~éancretes for applications where resistance to water flow is |mporldm
This vplume outlines the many techniquesfor using fly ash in concrete, .

aresource that is becoming increasingly-available: dueto greater use of coﬂ
Hor electricity, generation  and “in industrial - processes, “Proportions ‘for

mixing such concrete for a variety. of uses, test-results, fly ash mxneral :

recovery [mamly silica & alumina), and other umf{for fly. -ash are treated in
.detail in the 'book: This is the most comprehehsive guide availdble for
< engineering and bulldmg, fly ash'concrete.structures. i
The Complete Greenhouse Book: Bulldlng and Usmg Greenhouses
from Cald Frames to Solar Slructures :
Prep ared by: s L
P(.tt‘l’ Clegg & Derry Watkms S . N

 Published by - N b

Garden Way Publishing Company , .
(_harlotlv Vermont 05 445 : Snies

51978 , 158, 95
f\ guide Tor the (Ivsu.,n constriction, and management . of solar green-
houses. A diversity of project reviews along with-good general construc-

his a valuable resource o the greenhouse builder.

nents are thoroughly dIbLUbSL‘d as to advan-
¢ juction details are discussed and illus-

280 pag,('s

- Primary gréesbiguses o
tages and ||m|tat1on$
trated although a fe ¥
in_this area. A-thajou
qolargree

aliisa ;,oorl :




g X \\ - . i
: ‘ : \ 157 1
- s Y 5 \\ . . 7
" Construction Manual: Concrete and Formwork \\ : ning and Your Solar Greephouse ! ¥l s
Prepared by, : . : S Prepared by: : : ‘ : e ;
T.W. Love' s William Head and Jon Splane . i ’ S
“published by : Publishéd by:: -7 L : :
. Craftsman Book Company - Amity Fagndation
542 Stevefis Avenue Box 7066 Ry : o
Solana’Beach, California 92075 .- ‘ Fugene, OR 97401 .- .
1977 ’ . 169 pages - ) 542511979 i 43 pages $500

Mixing,,exca\'/ation, forms, piers, bedms; arched. openings, finis'hi\r,)g and” -

-reinforcing-of-concrete are comprehénsively examined fin the book, One

of the better references available on the subject. for beginners-or éxpfer- 8
. “ienced builders.’ i L P -

-

ﬁuaI:Réingl‘\Carpéley "/, T ‘\‘

Consfruction Ma

Prepared by::

o T.W. Love : : : L : i

Published by: : 5 e B

Craftsman Book Company : o
542 Stevens Avenue

‘-Solana Beach, California- 92075

1976 :$7.95

nber selection, sills, irders, columns, jjoists, underfayment, wall fram:

ing\wall Sheathing, trusses, and several types of roof framing are detailed

. inthe book. All the reference material necessary Ao frame practically

Cany kind of greenhouse is clearly presented. A clear guide to the “bones”
softhe l}w.a_tmr'fgr professional ar beginner. - 2

e

/

=286 pages

o

A Fish and Vegevl,:v;blre Gmwe‘r'for All Seasons

Prepared by: e ! :
Robert E: Huke and Robert W. Sherwin, 1.
Publistied-by: e ' Lt
Norwich Publica'lions ST e
S BoxFet . : 2 &
Norwich, VI 05055 '
L Ly L e
\\ 1977 125 pages $4.95%
“Citing increasing energy.prices, esealating shippingrcosts, shrinking pro-
i ductive agricultural acreage and 4 growing papulation, the.authors argue

that raising food near home using small ambunts of “eherpy will-soon -

be imperative, Their book discdsses intensive vegetable and fish produc:
L lion inside energy efficient solar greenhouses (built on a family.or com-
“munity scale). The construction and management of Mr. Huke's dome
spreenhouse (17 4t diameter) whish’breeds catfish, trout, and vogetables

is examined “Although not recommended as—a~complete construction |

guidethe book clearly presents certain greenhouse and aquacultdre
system design details, LT : ‘

N "! B -~ i
s ; L N

- The yield of a solar greenhouse can be enhanced significﬁntly By mak- -

ing dual use of the water heat storage tank(s). The 70°F to 90°F temper-

< atures (considered normal for.sun-tempered water] are ideal for.rapid

. growth of some varieties of fish. This book, g

“Prepared by: B

vliog‘details\‘pltls step-by-step i i ‘
.. harvesting. Itis very complete and highly recommended as a first book to -
readon the subject’ ) . : : ;

“Handbook f()riBuilding Homes of Enjth :

! xcellentintroduction.to
the subject, describes what'kinds of fish work best and how to grow them
successfully. Examples of different appraaches to greenhouse fish pro-
duction ate-presented in the text. o : :

The Food ‘ind Heat Pmducihg solar Greenhouse: |
Design, Construction, Operation

Rick Fisherand Bill Yahda e . L
Published by: s i .
“John MuirPublications .o :
PO, Box 613

Santa Fe, 'New Mexico 87
Distributed by:Bogkpeople

2‘.’,)'\)()'50\'011“1 Street

Berkeley, California 94710

980 (6th Print'hig; Revised and Expanded) .= 208 pages - $9.00

This hoc\)\k was ori;;in;ﬂl\,; publiShed in .'1‘)76"1,5 a_chronigle of the S()I}lg

01 s

o

EN

Sustenange Team who had built a number. of solar greenhouses in the =

Southewest. Now in its bth printing, the manual has been substantially”

revised and expanded to become one of the best solar greenhousepalghica- .

tions availables It providesia good variety of provensdesign and construc:
nstruckions for. planting, maintenance and

Prepared by
Lyle A Wolffskilland
Spansored byl 1 :
Agency for International Development.
Availableirom: S i
“National Technieal Information Sery
U.S. Departmentof Commerce
Springlield, Virginia 22167 7 S

178

others:

ice.

. - 159 pages ’w
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Him

eussion‘of both sunlight-and artificial Jight's:place in the grawihicycle:| |
should b‘ofvnluv lolhu serious greenhouse builder and manager.’ L.most comprohon\wo guide to the sabject now: available: The L!‘nernl ‘
guidelines on'greenhouse-energyedesignwill bé very helpful toany reader.

i N : |
iy : : : L / ; w0 S The hard coverprofessional edition with 100 extra pages provides more
Modern nrpenlry Bunldm;, Conslrucll()n Det .\lls in 7 o |~ technical.data forthe professional designer or more serious [ayman.
i Easy-To- ndcrslnnd Form® : Lol / . Lo s e o o
+ Preparediby: L N ’) : ) ; The Solar Grcenhuusc Buok .
s Willis L Wn;:,nu ».“;C L Cu et A7 Edited by L ‘

“Published by: 5 IR e f e J o JamesC M;Lul!m,h R Le
Goodhoaerdlm\ Lm(mﬁy gt e e e e e e P blished i : X ol ’ Jra
~SouthHolland, Illlnots QU4 s Dot Trade 'alm Dn-;mr(m--n! L Gt el e L

e - - R re Sos kel D e 3 Rerlale Pepss = ST EE AR S

1976 ‘.\\ PR : 480 Dagey o |4 : 5'14 9r J ¢ Enimaus, Penmsylvania 18()3‘) : R k ’ §

A detmle .puide to constructlbn de ails. that is, clg'ar onoug,,h for tlw 1978 R 398 pag.,('s | ', 51()91-

d comprehenqlve enough for the full: tfime thiimb-pounder. V:’
2 detdil that you'll need for any ;,reenhquee should be here!

Th"

beginner:a

most of -th This (omprehenswe publication details thé duﬁm,n L“\Lllldllu,, and use of: a

one of the be:l over-all carpentry guudes available. |

proaches to the problem for different climates and‘s;tuatlons is one of

> : f . . the strongest points of the book. The ample |Hustrat|ons helpto give the
Pasqwe Snl r chq,n- An Exfensive Blblmgraphy ( - . : reader-insightiinto how to lay.out his own growing:sppce . Generally good
Prepared byl | | construction how-ta along with excellént harticultural advice make:this
AlA R(‘smrch(orpomtlon | } one of the most complate 1.,uuh's available for pekr)ph- planning theirs

{

firstsolar L,r(wnhmm‘

i ashingthn, D.C s ;
Available frdom ‘ ' SR G I |
N.TLS, LT . TN ST ! A Sohr Greenhouse Gunde for the Norlhwcsl =
U.S. Depat lm(‘nl of Commorco . G A T v Pgepared and . i R
5285 Port Royal Road®- - [ CPublished by: _ _ x
Springfield, Vlrg,mm 2,21 61 . o ; - Ecotope Group : _ ‘ i ; o
- - e : oy 2332 EastMadison - : : Py B
1978 | . 199pages . ; o 3925 Seame Wa\hm&n 98112 . M a
. o | ¢ . ‘ . o : i vl < e
: ‘ | o . :
2 * | B [Af o - ;

SJ‘BV S ; . i\ ; . . ! SR
\‘ A thoroug,h hstlng of books and pamphlet'; relatlng to pas:nve *solar desl[,n
‘ Beyond detailing sources of data on greenheuse.passive design; economics;
“.climatic hunian. comfort, glazing, heat storage, ‘insulation, and. hyb‘nd
“lots f gogd how:to.details: this volume is recommended asa good con-. ‘ systems references are catalogued. Passive-cooling by-ventilation, con-
Struc |on rcference for anyone mteresled in usm[, earth cohstrucnon | ‘vection evaporation, radiation, absorpt:on and shading s’ ocovered :
N . e , Thisisa valuable ald tothe passwe ;,reenhouse d(‘\l;.,nf’r el
~Lighti gfdr PlantGrowlh : S i e G ‘ The Passwc Solar Energy Book . : e v
“Prepaned by R L } ~ Prepared by L i o .
s oElw odD Brlkformd StuartDunn . | Edward Mf””ﬂ : S
Publishedby; . .= 7o ; : g e |~ Publishedhy: 5 N v
Kent State Umver5|ty Press .- i - Rodale Press ] ) .
“Kent Oh o 44242 : . | Emmaus, Pennsylvania 18049, i oL :
21978 \ Y . ; T T $16.75 »‘ﬁ 1979 : 435:pages oo “Trade Edition $10.,95
o :. . 548 pages Professional P “Hard Cover$24.957
From d(%fmltlons and descrlptlons of the behavior-of hght through an ex- 3
“aminatibn of the photochemistry of plants and specific lighting recom- | Th" passive design text provides all the numbersenecessary to. deslgn a
mendations for various plants; this volume is a thorough-expositian of | passive solarbuilding Rules-of-thumb for developing passive attached or.
lhe relanonshnp of plant ;growth ‘and light. This rather technical dis- | freestanding greenhauses, ‘direct gain systems, thermal storage walls of
masonry-or. water, and.roof pond systems. are. clearly presented. . the:

I variety of solar-reliant greenhouses, Reviews of-a wide spectrum ofap-.




$5.00
"Thy; gmdebook simmarizes Ecotope’s considerdble expenence ‘with solar

reliant growing strugturesin'the Northwest. Feastblllty siting, deSIgnlng
: foundatlons fran | zing, 'lnsulatlng, shealhgn& thermal mass.and
““fml;hmg, are ol
5 Scompanying. fl}g “How to Put On a Workshop ((haple rwill be especially
L - useful to.manyl Pacific. Northwest insulation ‘and heahloss data con-;

: “ocludes the hook Recommended for bolh th(' novice.and (ho experienced
~greenhouse bthcle -

s SunAnglesforDesngn : 5 S \ e

S Prepared by:

92pages e

Robert Bennett e : S
Published by: Sl g SR
‘Robert Bennett "/ B ) >
6 Snowden Road A e
b Bala Cynwyd Punmylvnnm 19004
T978. L
e M Ih mwn tolly
buildig or athercollector system, Orientation, solar time, shadow’map:
Sepine Sun-cantroldevices,: overhangs, »l\ylu,lm and the suse of south
vertical liny .m',’.ln.llwu'(l in thetext: Sun-angle ‘tharts for 0% throuph .

S BDON: .m!u(h' I)y 20 ln(" mn(‘nl‘. are provided A pgood lnlm(hn tionto
: llwt.uhu- (e i

7Z-pages

e

oy o :
Grcnt Lakes Solar Greenhause ‘Cnnfercncc Procecdmgs

\

the:text with generous charts and diagrams ac- .

N
35000
how to arepare-asolarsite-planifor o solar (()Ilw ling
) |

ws © Octoher 6and.7; 1978, Mldl.m(l Ml(lm,an v . e

Ldited by: : s
C:G Currin SRR -
Sponsored by : : : ey
Chippewa Nature C enter : .
: SAvailabe from; : !
Chippowa Natuie:Centor g
400 S Badour R, -Route #9 : o
Midland, M|

1978 . \

148 pagés %700

18460, R

1""-F‘aper'; ranging:from general overVIews of the conﬁtruchon and operatlon

: Fdlled by:

3 :

vy

of Several workmg solar greenhouses through technical presentations o
heat storage insalts. and wetisand and active versus passive economlcs
and efﬁcxenmes are ted in this-volume--These proceedings offera:

‘good summiary of diverse approaches to solar hPatln;, both Iarbe and
small ETOWING SUTUCIUFBS 0 o o0 o s

New England Confercncc onEnergvin Agrucullure
May.3 and 4, 1976 Durham New Hﬂmpﬁhlre
RG light : ...

CSponsored hy: oot s S : : .

New England Farrn Electnhcatlon Instltu(e and five other g,roups
Published by: Bk

“Massachusetts Cocperaln e E\tenslon Servlce

\/axhlﬂe from: «f"» i i
The Bulletin'Center - : e S
213 _%lockbnd;,ew Hall, : : :
Umverslty of:Massachusetts ‘
“Amherst MATDT001

B Pa%wuﬂhul.\r Sl-\l(‘ nl the Art: Pmccodmgs ‘of: thc 2nd Na]mh.ﬂ

b1 pages $2.00

D.\ld an mml solar: won(i In(hcwlm tric. methane and phwer. Lrations

waste haat energy use on the farm and in ;,rrwnhnuws Althnukh mnplmws
isonire |d(l\'(‘|\' (mtly ag ll\.’f' sr)lar honlu

P.\ssnvc SUIJr Conferenge :

Py
Mare hie dud 14, Phitadefihig. l’( Hn%‘y’l\’d‘ﬂld e .
Pdied by - ‘ ¢ g L
S Don Prowler : il e may -
Spomored by oo L o

Available Irom : RO S \
Mid-Atlantic Sofar Energy '\SSOEIEH’IOH . e T
2233 Grays Ferrv*\\vnue a2 ! ;

Ph||a(i(q1ah|a Pennsylhvar Pie 19146

. 1978

“mass walls, ]
Lpresented.in Vilume 1 “Volume 11 covers simulation and testing of com:

951 pages(dvalames) ""520 00

As the n’fmw states — thew volumes ropruscn( the state-of- the art throu;,h

Spruu, ‘0f178> Case studies of passive greenhouses, direct gain systems,
Mass Toofs passive ‘combinations, and. hybrid systems are

ponents.’ Volunw Hlreviews policy, education; and econimics: The sec-
tign.on E,rvenhouses consists of seven semi: lechmca] reports-on-planned

“and already-built-units employuu, a.variety of. passwe heatmg techniques, -
A worthwhnle source:book. s : e




Ahouses

and Greenhou;e Res:denllal Combmallons b
SMay. ZOthrough 23,1977, Cleveland “Ohio’ :
‘Compiled by: s
o Ted HoShort = b I
Sponsored by: :
‘Ohjo Agricultural R & ‘D Center.and [nerg,y Research and
: Devdopmen(/(dmmlstranon
; ”’/\vallable from;
. Departnmnt of Ag,ncuLLuraI En uneermg, !
. Bl i C ; S

e

© 1977

“Fhis volume summarizes pnmarlly government—funded greenhouse and»

344 pages $5.00" -

- other:agricultural solar heating projects and studies. Reports on active

“solar systems-and energy conservation®in greenhofises .are included in

the papers..The highly-technical discussions f clutting enérgy use.in the
plant hause will l)e of use to'some [:r(}(}nhou'ie ([8%!5(\8!’\ f )

o ~Pmccedm;,s of the Confcrcncc on Ener;,y Cnnserwng
“Solar-Heated Greenhouses
Novembher19.and 29, I‘)7h Marlboro, Vermont
Edited by BRI
John Ilnym and Drew Gillett : .
b ‘mnn\ohd by: :

=y

160

“‘Proceedings ofthe1978 AnnualMeehng’ S

Avadable from: :
‘Environmental:Research, Laboratory
Tucson International Airport :

FJucson, Arizona. 85706 . e
1976 ," 81500,
Commercial greenhouse: back;,round and situation, economlcs cultlvars
intercropping, energy -afternatives, transplantlng mjderal: nutrition and
CQ; insect and disease control; and energy alterrgtives are examined.
in.reports included in_ this volume. Active-solarf heating “and power .
plantswaste heat utilization .are the main energy.sources consldcred
The presentations mcluded are. generaHy quutc techmcal

‘4T3 pages

Prepared by:
".Karl W-Boer, Cregory E. Franta e
Sponsored by: : .
American Section of the.lnternatlonal Solar: Energ, Socnety
Available from:
~AS of LSES: : : g : .
S American Technological Umvvrsltv : i & : o
PO Box 1416 : e
Killeen, TX 76541

1978 0338759 pages (2 volum‘n’s)‘

$26.50 ISES member

—Fhis-somewhal

?")I 50 N(‘)n ”“’mb(‘r'

= Total Environingi
Available from:.
i+ Marlboro C ollcg(-

M arlhorgo, Vvlm()nt 06344

1977 et

~oi-the-art-through early 1978, RE[orts o074 [

erwlwlmmg, collection repre

modeling.and reports on attached solar ),,rvvnhousm ».mll pap(lfs on

the. subwcl

wnt(‘d A ;,ood ruf(\ron( [ lmol\

. Controlled-Environment-Agricultiire
CEApLilZ AN 8, 1.97%s
Felited by :

“Merle M Jensen:
Sponsored by:
Environmental Resedrch La
Ul]l\'(‘l\ll\’ (11 Arizona :

salar: mod*/drwm, will be ol interest m tHo );rt'onhouw ;,mwc A|| .
! the pnpors are re Ialu\vly tec hm( al. : S : Sl
287 pagos oo sl E
DAy £ W Procecdm;.s of the Thrf’d N.&flonal Passwe Solar Conferencc«,. :
Pdpcrs by many'.of lhgmblound hroakm\ m p\u i ixolar ;,ruuhouw, design - lanuary 1 thmubh‘l‘i ~1979:"Sdn Jose, ¢ alt(nrnm i A
SUrOElor make this one.of (he Dest P oceedings documignts_on Prepared-by- - e : :
‘Many.case histories from aHlparts of the country, economic Harry Atiller, Michael Riordan‘ David Richards ) i A
data, ‘horticultural information, aquagulmre al/c)ng, with reports on all Sponsared by 8, 0. : : :
wlgmhcant breonhome components are mciuded "A mix of technical sum-- U.S. Department of. Energy . : o r
“mariesand. prou‘ctlons general papers, and soclo economic data ns pre- International Salar Energ.\ Society i :
; e . Available from; : v S k
: i @ AS of IS ES) :
e Proceedings of the’ Inlcrnatumnl Sympmmm on American T echnolm_,lgal University
- P.O. Box 1416 . v :
Lucson, Ariaong I 1 a , . !
B r R S - o ' e £ ‘
e ! L‘lﬂpag s L $26.50:05E5 Member
; : o $66.50 Nonumomboré
'vll'm qunllty of ISE

¢ conforence proceedings’presentations is
Limproving-each year.as.the field.matures.: The: 1979 'event included-a -
Swealth of (eahnmal data‘on passlve solar greenhouse:monitoring, thermal.. 7.
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n{odellng,

‘commercial scale greenhouses and on- greenhouse/dwelllng combrna«trons :

sare partiof the_ proceedings document This'is an essential des
for the serious energy self SUfflCIEnt greenhouse buiider.

|gn aid

Proceedlngs. Thrrd Annual Conference on Solar Energy for Hcahng of -
Greenhouses and Greenhouse-Residence Combinations . = e
April 2 through' 5, 1978 FO{’tCO”Inﬁ Colorado e

Edlted by: : ;

~Chatles C‘Smlth RN g
‘Sponsared by: g ,
95 Department of Energy : .
U.S..Department. of. Agrrculture DR

aterrals and products Reports on sessions on domestm »and‘ :

'oon solargreenhouses e y 2

Published by S . .
NMSEA - ; S ; S . s
PO Box 2004 ; . i
Santa,Fd{'f%TM, 87501- o , .

! N N Subecrrptlon Price: $10/year:

This monthly newsletter is one of the better sources around for information .-
on new developments in low: technology solar in general'and e%pecrally

“New Roo‘(s 7 : . o

Published by: - ’ N
New England Approprlate Technol)ogy Network

~American Socrety of Agrrcultural Engrnoers S S PO Box 459
“Availableffom: S L Amherst, MA 01003 L . : ‘
SolarEnergvAppllcatlon-‘rbaboratorv o : ~ . . subicription Price: SBlyea
ColoradoSta’te/Unlvcrsrty l AT e : : 2 ubscripti rice: v/y i .
: FortCollins’ CO 80523 S . s RS : A bi-monthly magazine fogﬁuﬂﬁ‘@.‘on'dwdopment; in_appropriate tech-
¢ 1978 ETE) Di\},(ﬁ)w - =TT g 57 1.)0 QIQQYWHQM‘M?(QS. Frequont articlesonsolar greonhouses. o

“Papers cl(-nllm, wuth ;,r(‘('nhous(' heat Ioas rodum;,h m;,ht insula-
% tienand multiple plazipg and with solar heating ‘of a.variety of green:
- houses.arcincluded, Active solarair and water healers, soldr ponds, fluid
“roof,and di q 1.,u|r1s;)r|s~,|v0 heating Ssystems are.det .uIv(I in-the reporls,
“The majo y4o_f the projects summarize e for commercial size grow:
ing spaces, dllhou;,h several kumnllnr, attached and [r(-( wlandlm, units are
referenced. | A :

; Allcrnﬂhyc Sourccs 0[ Energy
Published by G N
[ ASE] . :
e % l\oulr‘ :
\, Mrl.rd.r MN 56353 , ,
| : \ “' . S ~Subscription rice; $15/ycar-

/\ b mon,tlrlyJﬂdgn‘/.lnerconcornud with-energy:productionfrontnatural
Sand.energyconservationslssue #36 is aspecial on solar green-

g 977 are spp( ial g,reunhousv 1ssuos

Orgnnrc Gardening.
Published by:

<t 3 5
Rodale Press oo g Yo ;
lmrnaus PA- 18049 e . iy i
! 0 . f‘\} Suhs( ription I‘n( [ S‘)/y(‘dr
g : \ 6 1()/[Wr)yln|r\
I rvqm‘nl arlic Ivs on constray mm .m(% m‘irmu,vrm nt of >n|nr ;,u [ nhmm ] ’
ST . Liy A ;i ! ol 1
Sohr Agc i e e e
Spablished by - : g TN :
e Solar Visian, dnc L e 2
T Chureh Bl e, R - it
. H[lrrli\’l”(‘ NH OH’S() . Lo : . i oh
Subscription Price: $20/year: \,\

1h|s monthly |0urnal of-developments’in the solarindustry. carries articles
onsolar gréenhouses @ ew times 51 year, OLtobor 1976 and Novcmbvr

S()lnr Greenhouse Dr},cst . :
Pyuhlrs/h('d by s : A
{“Selar.Greenhouse Digest o . i

RO, Box 2626 , / : T e e L

,f’ Flagstafi, AZ 86003




g 1
- i .
= . i ) "

; , Subscription Price: $7jyear: >
e = P $12/two years.:
Bi-monthly magazine focusing oﬁ'the 'de'sign, construction and ‘mapage-
ment of solar greenhouses of all sizes. " n SRR S

. 'Israhsitional'Netwbrk for Apbrop;iate_/Allernalive Tgchnb}l()giés.
‘~+Published by: i B

TRANET = e
-~ P.O.Box567 - L S L
_ Rangpley, NE :04970 L e s e

B e

A quarterly newsletter-directory of ‘people involved in appropriate tech-
nology. A good solar greenhouse design/research project reference.

S

W

PLANS AND PAMPHLETS

(

*'An Attached Solar.Greenhouse:
- Prepared hy: : g e :
- Billand SusanYanda . =0 ; e JA
Published by: - T : i ;
. The Lightning Tree ‘- i

P.O.Box 1837 : ¥ : H : . "
oy ‘S.,]a,nta'Fe,_NM\‘87501 s e D
"k!«‘)197,‘77. : 17 pages. | $175,

~house. Each step is presented .in English and Spanish. The manual tells
how ta build alow-cost unitin a simple understandable style: S
g § R " B L . -
. Bé'g’dwall System Window and Greenhouse Plans
Prepared.and G :
Published by: - . :
2 Zomeworks Corporation st o
0 POBOXTI2 *
© . Albuguerque, NM 87103 .

977 ‘ $15.00

Complete blueprints and instructions Tor a “Bead Wall”. movable insula-
tion system and a greenhouse: A license to build ‘a 140 sq. ft Bead Wall
is. included."Such 'a movable insulation system typically costs about-$8
to $10 per square foot to'build: = ~

7:pages

Y

Membetship-Price:$15/yea r g

“ Noti Solar Greenhouse Performance and Analysis

LINERN .
P Y 5 PR
ion vw“‘! Surld, Bonumg *

onst ce i
\-Agricultvurelnformatiqn Bulletin #374

Prépared by: ‘
‘B.Carlldaynes, "W, Simons

~-Published by:

U:S. Departmeht of Agriculture

arireslbsion: [N PAEENAR i (o
r“‘\sln\.ultmt Rl‘_‘gt‘dl‘k‘ll Nervice . : R Fill

 Distributed by:’ N ! " . -
Superintendent of Docurtnents -\ .
U.S, Government Printing Office =
. Washington, D:C,- 20402 NG .
1974 R C18 pages., %45

Describes concrete block wall construction'i\ﬁw\hich blocks-are stacked

dry,-then trowelled. on both surfaces with a cement-glass fiber mixture.
A stronger'wall:than a conventional mortar-joint block.wall is the result,

with ‘avconsiderable ‘time savings., This technique is especially useful .-

for an inexperienced block-layer.
: A

Prepared by:
Eric Hoff  David |enkins, Jim Van Duyn
Published by: -
University of Oregon b i Y
Department of Agriculture :
Eugene, OR' 97403 ‘ S

2 < I 1 B i 4
:Instructions for the design, construction and management-of -a solar green-",

1977

1977 32 pages $2.00

A low-cost firipole, post and heam greenhouse designed and built by

University.of Orggon students is detailed in"the boaklét, Specification
-and schematics revealing the back ‘wall ‘and gravel floor -heat storage;
~sod roof;-and frame construction are-presented, very/clearly. A-detailed

thermal ‘analysis of the building’s performance.in-all seasons is_presénted.

1y
/

Plastic Greenhouse Manual: Planning, Canstruction and Operation

Prepared by: .. ci : Sl : .
Raymond Sheldrake, Jr.,Robert M. Sayles

Published by: R TR :
Department of Vegetable Crops .
New.York.State College of Agricultural and Life Sciences
Cornell University.- : : S :

Ithaca, New York; 14850

S 21 pages

This design guide details aseful techniques foruse in commercial green-
houses glazed with plastic films, General data on plastics and specific
instructions on building -the -Cornell: Exterior. Plywood: Gussett Design.

(for.86¢ per sq. ft. of building floor ‘area) make. up most of.the book 7 -

procedures are presented.®
. (R

g
R

While this design isn’t for .an energy efficient unit, some useful ﬁhStfn;ction

Y ; . .
[l D = LA,

$2.00




. Solar Frame Plans . .
: Preparedrand e : e o
= Publishgd by: )
/2 Solar Survival
i P.OCBoex 119 :

Harrlsvnlle NH 03450 o i

1978 . - : 56,00

e Blueprmlf. for building. a celd frame withewater drum heat storage and
Traa manual beadwall/caver movable insulation system. Salar Survival of-

™fers these plans as a very.low-cost alternative to bunldm;, a complete
o \gfeenhousc

‘5 pages

~Salar Greenhouse Constructlon Drawmgs

. “rPrepared by: : ‘ " :
aralloncslnstltute L e

- Available from: o g s e
: Farallones Institute - - :
21916 5th Street - T S . ‘
Berkeley, CA 97710 .0 = e ; e ; !
1977 31 25

T - ot
“Plans Fora low-cost; woodframe p()lyolhyl(‘nt' (ovur(\(l groenhouse. The:

9 pages Ll

b

it frt\vM.mrllnp, unit rlvflnvd in the plum should be lmllddhlv forunder $57
Aaterials st and cledr (nmlrll( tion

persquare fool in materials,
detail (Imwun,s argine |l|(|(‘(| for llw W10 structures

«

A S()Inr Grccnlu)usc for Mesa C()llu;,c Lk SRR e
Plepared by R G .
i Jayce Jenkins : s : .

Published by: T :
Crand Junction Pllh]l(‘ ‘nurgy Information Qffice . -
250 Norfh 5th S R L

(‘r.md Jun(ll(m (‘O Hl ();l: R . : eyt 3

Slpages © T3 00
A'workshop manual prepared fora solargreenhouse LOI]SU’UC(\OH work
N shop held at Mesa Collegein fall of 1978 Contains heat production basics,
~food production basics, “construction ‘details ‘and -plant nmnag.,emont
information. The greenhouse pr(\\('n[u(l 5 [mll(lnhlo tm ahoul M per
s(|xmu- fym in m,ﬂmml» =

1‘)78

Snlnr (‘rccnh se Conceplts : } :
Prepared by: :
Maine Auflubon \(\( ety

Available frm:
Cornerstones Foundation , ,
54 Cumberland Street p g
Bronswick, ME 04011

1979 - : b SN2

pages L

A~ general ‘introduction to: solar greenhouses ‘including treatments of
units employing dlrect gain, water walls, ‘and remote heat storage. Rule

. of thumb for Maine greenhouses-and-a blbllosraphy are included. Useful -
for:explaining.the basrcs to someone \\'lth no knowledge of solar-reliant =
greenhouses . .

Solar Relii\‘nt Greehhﬁuse Plans
Prepared by: =

“UDomestic Tec hnolo;.,y Corpomnon
Publlshcd by:
SO|\[1FC‘\PLIb|ICathﬂ\ :
P.O. Box 2043

© Evergree

‘ 80439 i
1978 - ‘ Spages .

Some-of the more complete bluoprmts\\mlalbe fora f”ﬁsr:m
reliant gregnhouse. \Water drum heat storage and movabl
tion panﬂfaro teatured : N

.
!L,;,u .

Two Solar Aquncullurc Greenhouses forWestern Washinp{m v
“A Preliminary Reﬁort . /
Prepared by
Woody and- B(‘rk\ P rw k\
“Published by
Southfork Press o -
S Available from: ’ i .
“Hunter Action Center g
Fvergtoen Smto Lnllv;.,v .
= Olympia, WA 98505

fl‘)7()

e

49 pages RS \'5'2 00y .

A description of o ~olar heated ;,rvvnlmusv with an .\quatglltuw a;,mk
built into the base of the p.\mbolu hack wall and A circudar doiy
house built around a, central, kircelar aqumullurv- rank, The
~.contains lots of” information on aquaculture” A good source for design
ron(upts~very limited constru(t[on det mls ' . !

3

\’ocalmnal Region 10 Sol:\r Greenhouse : R &
Prepared by: )
Jonathan Gorham

RPublished by: - : . b s
Maine Audubon Society . I
118 0ld Route One =™
Falmouth, AE-03105
1978 B8-pages ! : ‘fv 5.00

A ewericulum booklet dt'volopod to help vocational schools bet ofme i
volved in alternate. energy projects. Greenhouse design fundamentals,:
canstruction instructions, and materials concerning the (Ia-vvlopmun[ of
a rvm'wal}lv energy curriculum in lm‘dv choolv included in the.bpok.

- N
” !
i




e
 GREENHOUSE SUPPLIES |
. . e S AN D N . ::z:n':rlizasly:;eizﬁ

= COMPONENTS ‘ = ! Sprirg Glen; NY: 12483 / S99 4347858 {

e : i : : : L CfSola Roll? synth’é{icmbber(EPDM)’glazing extrusion systems forgreen- = 4
"2 This source list: providestaccess to s6me ‘materials of: valuein green: houses -025" to 125" flexible or rigidiglazing material can be installed, = !
‘house ‘construction, maintenance, and management “that ‘may not ‘be 7| “7water-tight with Bio.Energy’s System_ Cost'is a little under $2.00 perdineal i :
available in some areas. Supplies thal .are normally stocked in most " footfor GF-1 flush glazing extrusion with a L1 locking strip, ;
building stores such.as lumber; caulk, and insulation ‘are not included | s L e Sl : :
Rere. Prices are.quoted, whefe available, for purposes of .comparison .| - Br“mhg& S : S

only - the rapid price increases being.experienced with many building.

Rt 1, Box 107AA

. :materials preclude accurdte cost data.in.this index: These€ prices repre. || . : s - ! e e e
sent suggested retail prices in May.of 1979, ~.. P w0l Santa Fe, NM. 87501 ‘ i oo (505) 455:7550.
o TmL S . el o ““Greenhouses glazings including Acrylite SDP, Lascolite, and Lexan. ™
B . 1’ Sl \’\7" ~Chave and Early, Inc. - shat
: ) 1460 Broadway = - n : =
s New York, NY. 10019 amr ; ; ; (21.2)391-104 0.
; Ao | N e | Cloretexpolyethylene strand reipfarced poly film-manufacturer Tear

“ostrengthand lifetime of Loretex are increased by the addition of the fiber
reinforcing and UMinhibitors:over the values for.untreatod polyothylene.
Two tothree yearreplacement is itypicalifor Loretex: = Available dircet
= from Chave and Early.in 72°%widths by any. length for89/sq. {1 plos shipping.
“=Chemplast, Inc, ]
150 Dey Roagh. s ey

Wayne, N 074707700 : ‘ .
Distributerfar Martin Proc ‘Llumar UV inkibited ndlyesterfilm @ -2
« The .nfaterial, jis designed a¥d Tong:life (abbut 15 §ears) outer glazing

" for greenhouses and solarcollectors: 5 mil Lliimar comesin 26’ 387,507
and 687 widths in 58 6r 100 foot ralls. 7.nil thickpess tomesin 48 width e
by 50 or 100 {50t lengths. Price'ranges from 48 to ;mef'\sq:‘ft\for 5.mil,

and from 81 to,$1.20 ‘per-sq. ft. for the 7-mil “thickness, dependin
on quantity (FOB Wayne, Nj).. = . . . :

1016964700

Cyro Industries

WoNain Street p sy S L
Bound Brook, N 08805 ! j- g (201) 356-2000
. “Exolite’ doubleskinned serylic or polycarbgnate sheet and plazing bars
-’ i I : manufacturer Exolite comes in 3/, ithick gahels, 47 v wide by 8,170,127«

or 16 fool lengths ‘Available through deale

\ationwide; contact (CYRQ)
fora dealer list. : :
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“Anaheim, .CA 92

914700 Y

— — - ‘ — " I

| © 165 : o
Filon Eérp(‘;}a Tgﬁ B L f : : | 3M Company : . , .
12333 Van. Nc Avenue [ . A ‘ M Center Bldg 223-22wW ; : / Ch e
Hdw(hornc C" .‘9()2,. 50 [ (213)757-5141.. .86 Paul MN 55101 R : v (61 273 f—l) 36 ;

LFilon’!

.pan(}l»manufa “ture
pen years when used as ap olter greenhouse ;,la/m;, Cor-

lastten to fift

Fiberdlas

and nylon reinforced acrylic-foftified ‘polyester resin
Poly vinyl floride (Dupon('ﬁ Tedlar) coated Filon willy

2

e

local dealer.

K;\I'wnllC(')rpnfﬂi'nh - Dol o ‘

P I L»

88 Pine Street |

Manchester, NI 03013 . /_ L (663) b Hth
“Sunilitelfiberglass ),ld/mp, manufacturer. Sunlite bumm ind and 5 hml
wide rolls:in'{e u,lhk. to I )()() foet Prices dare 599/sq. % for 0257 N/m

T fer 0407 andl 974/sq.

that (Il : I:)L:»Lmlwl
foot, 3 X8 Tool
prl((“. are pluyf
\lnlo “Uif there

Lasco Industrick Sk e D e T

for the 060" (hickness, Duublv ;,I.wml panels

LO an ('\(rudv(l .llumlnum frame are “l\’ Nldl)lv l() flt X8

Rhmpmg “Check Wllh Kalwall for a cllslr
s none, lhcy wnll scll « xregt

k. Mim‘.l ol

T i e

VAAVENUE- L
28006 ;

“Crystalite” fibs
available toe
dard. Prices ar
Hl)lll( (L 4

Rnhm and Il.\.u

orglass” p,ld/ln;., m.mufd((ur(‘ The corrugated panels are

oper 2-and Hloot widths; lengths of 8,40, 12 Heet arestan-

nht‘un‘\lrlt\ from (lemlmlm\~( nnl.l(i Lo for o Jocal
! } !
i

C(.Hllp.\uy \ :

ml('pvn(lum ﬂﬁ
fadelphia, P

i

)

| :
&} . ‘ :
vetll West \ ] : ' |
197105 \ | (215) 592 500()

"quf.\k Twinwi
turer 4 Tuffak-1
duce heat-loss |
“fool by 220" th
-thic
=and Haas of ch

' holycarbonate ani ”l’l\\l;,l.\».\ acrylic sheet.manuiac-

\inwal” is cashwith an ¥4 “Square internalairspace to re-
wroughsthe glazing, € st is $7. ‘)ﬁ/sq it (comes in:4 foot by 8
ick sheets). Plexiglass in 4% 6.foqt and Iom,emhvets casts
kness and $2.43 [aral sq. ftoof ‘Ax\ato‘nal Cantact Rohm
ck vourvol,‘low au‘;‘ foradealcr e ad e

T g : : . . g .

Y L R

(714)993 mo.

9

ssample roll Al prices are FOB shipping point,

“Flexiguard” Dr)l\'t‘stvrmcr\/h( film mnnut.\rtun-r MThematerial is avail:s
_ahle from 3M for 5228 for.a 4 X 150/ roll (38¢ At} L})r ‘H() ()() fora x40

1

rugated sheetslof thé material come ina 51 '/,” width with 8, 19,12,14'4", ‘ / !
and 16" [engths. availablexRolls of flat| Filon come .in 50, 100, and 110 Norman B. Saunders : : / {
foot-lengths with 34, 36; and 48" ‘widths. Prices range around $1.00 por — — - - — -
sq.ft. (dqpendmb on quannty) Contact Fllon for a dealer list, =15 Ellis Rd. - ) :
i . Weston, MA 02193 / (617) 894-4748
J < > e ¥

GenerallElec!r < Cﬂmpany , . . e Supplies glazing extrusions i <
ApphanCG P-artl . . [ : i “‘“"‘*‘«% S

sl 5! . ! 2.4072 ‘ . . it W / .
Louisville, ' KY 40225 5 | 5()2)45 1021 Maxi‘Seal . Bk ""«’/A Y .

Lexan’ polycarbonate sheet andiilm m.mufu( luAr("r\hO mil 4" % 8 Lexan Lane Maxwell Enterprises . [0
ssheet'makes o llong-lived outer L]xlllﬂ}, {or$1:00-per sq. fl«ﬁa and 20 mil . RN . . . H !
Clekan film s Hm(l Tor innerulazipgs, (15 and 504 per sl it rusp‘(*ruv\lr'] 4303 Rawhide Road o : Ped et

The Ailm comes in'4’ wide mjlw ol vafious I('m,ll\s (Iﬂnk with G 1 nT\ Puchlu CO 81008 : ‘ . f : (303) 542-9800

This EPDM rubber seal holds promise faor use in sm- buily collectors and:
solar greenhouses which use nl)ury,lass reinfarced plastic (FRP) ;,I.mn
The assembly assumes the wse of flat FRP, (e.g, Kalwall): which is wicle
enough:to provide a <1 v2dinch overlap on.rifiters sabsarber mounts, ele
This is-normally done by spanning 49%:-inch FRP over rafters which are.
24.inches an center and using Maxi:Seal on‘every otherrofier The-Maxi- =~
Seal ds covered by a 1X2 or-molditg secured with rustprooisiasteners g
Double-glazed installations use Maxi-Sealonthe outer layers only: with

the inner layer slm;)ly overlnppLd dﬂd hL‘Id with IX’ spacefs overdhe <
rafters.

U-shaped moldm;, is available for’ use. at the edg,e ofthe g g,lanm, sarface,

KITS SUPPLY CATALOGS

Ch.lrluy s Greenhouse Supply - o ; “

F2815°NE 1 210th Street S :
Kirkland, WA 98033 (206) B23-1616
Greenhouse supplies and accessories catalog; $1.00 (re luml.lhh- on pur-
chase). - dealer for Thermofor vum upor.nnrs

i! T

T,

"Domnstlc Gr(mer;Suppl) [ -

PO Box 809 . O
Cave [unction, OR 97523 - (503)592-3615
Greenhouse supplies and instruments, ramlmj for $1:00 (r(‘funddblv on
purc hd\() :




'The Ex‘change

286.CongressStreet
Boston ‘MA-02210. I()17)482 2727

veléd industrial equipment and surplm malterial. marketer Fly ash (for

low cost cement) and otherindistrial waste-products alongwith'all kinds -

. of new:and used machinery at considerable awmjs——usudlly inbulk, Get
in touch with the Exchange for information on a‘specific nood chances

“are theyllbc-ablelofllllt e ST
Fnends of th'eSun e o ‘ i ’

210 Maln Street“ i :
Brattlebore\ VT 053077 {(802)254-4208

<-Greenhouse compohents, growmg, and maintenance sunplxes
thmr, (l(“i(‘ﬂpll\’(‘ hrO( hurc lo be nvmlnblo by fall of 79,

.

(‘u.\rd n Gm Clnchc Cmnp.\ny

(»l C mmmy Way:boy Ly : 1

Anverness, CA 94937 ' St

“Guard'n Gropoly- pmplvn(- cloche m.lmfl acturers. T hese 42" 18"\ ’l”
minigreenihouses weigh under. five pounds., ‘H‘) 95 plus $3, 00 pmt,u,v from

Guard’ n(.ro L

s o 2 . :
Laoi‘ll.\(lc Lumber T iy ‘
Williamstown, V105679 0 T (802) 433-5 m

C.n-\-nlmusc components and free ddVl(o o energy-efficient hmlw nnd
rcunhouw de |m to'c uslomws

. Don Lcw:s Assocntes S

= ‘10‘3 l\ockwood Drive = i
‘Grass Valley, CA~95945 .0 | . i

“Solar-Site Splactor
Briilding site will have edouph winter sunlight for:a solar greenhouseror

' (‘)1 b)77.‘ 2077

is avaluabletool for. (lvl(‘rmmlm., if ‘a potential:

ask for

othersolar system A curved, transparent sun-chart mounted on atmet al
hase-plated s designed. to b attached to.a tripod for-directsighting-of .

“obstacl
pre

esfshade sogyrees on tlu- s|lv seally simplifies the site pldnmm,
! o 1
. TN s i 5 £ i

Mcllm;,crs Int ) ‘ |
“North Lina, OH 4!1‘37 e (I RS

[)1()]' ’549 9801
dealer for Thermofor vent operatorﬁ

:Free greenhouse supplies calalog‘,

“thase svill; be available:by.the end 0f 1979 Conventional:

CKitSHor salar

J.A. Nea}ing >Cobrnpany s Q 5 :
9930 Davis.Avenue. i . Lo
Laurel, MD 220810 R At i = (301) 498-5700.

Greenhouse kit catalog) 5150, Tha«r ghass/pipe frame. greenhouses are .
available:as attached housgs casily erInnlvd allhnu;,h not spec mmlly o
designed as a sofar-reliant grt‘(‘r‘lh()klsp .

Pacific C(i:lsl Qrechhousqug."C‘di“

8360 Indu.]s(rial)\\enue e . v

Cotati, CA'94928, g S [/()7) 795; 71()4
Solar:greenhouse kits chudm; compost privyi and aquaculture. com
ponents —also therrgally massed window: greenhouses and cold frames
*No dafa was avalable-on PEGHssalargreenhouse Kits.at this writing —
redwood frame,
fiberglass and-glass &rocnhous 5 W\J” S1205 are rurmntiy nmnuhu mmd

€ 5

dnd marketed Send for 3, xwv_ .

| E i 5

Solar Room Company

O Box 1377 . ts Lo
Tags, NAY 87571 . A )/m‘)“/ru
Greenhouse kttwdm[;,m dorabeadded to the south side ot buildi
Slunction as asolarbeater The UV mhibiter polyethyler
steel franmdlkits are \Mrranhwi for 3 years (cmmu ‘m
hroc Imw and prices

/
/

444
Lo
\km/p,.llv.lmu'(l
ar l<(mm for a

¥

SolarSurvival:

Cherry Hill Road

PO Box119 : : o 1

Harrisville, NH 03450 S S
“pods”

and “cones” as well s

“wTrisol”“add-on solar grtt‘nhOU\t are. offered (for sale) Irom Solar Survwnl

) l.m,or Glazedwith fiberglass; Solar pod ki

=3

~Solar.cones ‘are-made from a smL,IP piece of flat/ flborglnss glazing
bolted “into-a 15snch or 30 inch done These minisgreenhouses (cost
$8.00 foe the smaller design and $16 00 -for the 30:inch model Soldr
pods.like cones, are suitable for extending p,ro\\m;, seasons, but are:
ity cost$160. Even l.lr;,or is.the .
FyAST g,mwm)., atructure with inte:
Sl[u(luw Ilw T n\ol Kitc osts $2500.

“Prisol“solar-greenhotise = triple-pl
;,mtvd masonry hmt leru).,l




~711304.SW. Boones FerryfRoad
kqutland QR.9721¢ B

=2160Glay Stréet - e - !

SdlarTvcchriblbrgyifo‘rporat'ion o

We‘a‘thelf"énergylsi”étems

DenveriCO: 80211 it (3037455:3309

P06 Box 5747
"Falmouth MA 07‘340

“Solera”.solar ;,rc(rnhousc Kits include ac llVO nnd/or pd,, C 50T Y
These lean-to type kits include prefabricated roof and will modules:in
“4-footsections. Framing is redwood; glazing is Acrylite SDP. 3% 2 holy-
styrene foam.insulation, and.a solid core doar are included in vn(l walls
Aone year mdtermls and workmanship x,uaranl('o is provnde

Slurdn Built MfgkCompany— T

e

(503) 244 4100

“Free greenhoirse kit catalog. Redwoad framod ;,Iass and flb(‘l’g]aﬁﬁ plazed

fems, 7

y air-flaw to
-ontroller:in:
at the adjust:
At 102C above that

creases blr)wvr spvod in 1() 35 RPA mrrcmcnts stdrnm,
“able low setting and reaching maximum (560 | REA)
setting,

o

greenhduses-including units that are easily made “solar reliant 2 Sturdi-
Built ‘ﬂ‘lﬁo is clr\nlc'r for lh(-rmnfor ve nl ac lunlorv : e Approprmle TLChnO|0g) Corporahon
- Texas (“reonhnuw (nmpmly . g PO Box 975 R - " \
2717 5t Louis Avenue = ~ Bratlehoro; V'”‘V o : | (B02) 2571775,
reWorth, TN 76110 (817)926:5447 ‘Window Quilt” insulating polyester. mmhm s’md\‘\m.muh\( turer. When @

Redwood and pilvanized steel plass ;,l('(\nh(mw kits including séveral

Sthatlook “salarizable % Fexas Greonhouse also carries a complete line of

precnhouse supplivsand Anstruments; H()lh kit-and supply catalogs are

dv.lll.lhlv freo,

. Sl

s :
Turner Grccnh()usus o

closed, the shade reduces hedt Toss lhmm,h asingle: plazed-window o0 o0
one-fifth the unisdlated value (R14:5 years R 93 Thie foilfined polyester

quiltas e sealed by, |)l,xsm tracks on the sides and by Pressure against

Jhe sbindow trimaf tr);) and bottom when down Theishade materiil rolls
uplikesainormal mndms shade when not in gse 842

aq ftis the !
supgested rotail prce for Wandow Ourikteheck \nth Al Corporation o
101 xhu‘ name of thg nearest dealer ‘ : .

A 7-South- . = o

iy , | = | sreie _—
Goldsboro, NC 27530 T : o (()W) 73D Bramen Company,inc. .
Groenhouse. kit nnd growing supplws catialog—iree ‘Rec l.m;,ul‘lr free- PO R0 T ; - ey

standing and dean- to type rust=proofed stecl lmmn/flhuu,fn\\ or poly-
vlhyll ne ;,ln/('(l ;,r(‘(‘nhouws are ll‘dlllr(‘(l in Iurnor y catalog, No! omphn
that. pﬂlulll]l

Salgm, MA 01970 (617) 7457705

“Thermofor thermally-active vent opetdtor |mportwk dnd distributors.
The units can be set-to start-vent-operation’ at anyltemperature be-»

ey Vepelable Fnc(ofy,»lnc.
100 Court Street

elayers hondédto a rigid aluminuny Trame

“Capiague, NY 11726 ° . : (5

(800) 221-2550

: Soafrom NYsState

vokits
manufacturens o promete energyelficient gropnhonses  Their “Solar

Panel“greenhouse kits dilize two* [iberglass teinforced ac ryliculazing

SHHustrations “ototheir lean-to
mode! (llld(h(‘([ o a smass wall are lnrlu(lv(l in \/u;,u table Factory’s
ll(v(dlnlm, S )

- ©
N

16)842:9300 7

1.|l.1l<u,—r)m' ol llw f:rsl nadional grevnhouse Kits

Rolar Guard’!
Lo

ween 552 and 80%kand will open-completely awhen temperalure gains.
20°F ahove the, starting wttmg \1 hermofor can lift:a vvnt up.to 3 pounds
uptal12y hvrnmfor cgrriesas Syearavarrantyard casts ‘ﬁ 4950,

T,

~Celanese Fibers Markeling Co. i o o

297 Avenue of the Americas - : :
E}éu\\' York, NY-10036 it | S (’1 ))7()1 8. HH
fiberfill insulation for.use in insulating aha(lc
'mee Fibers abouta Iocal source for Polar Guard,

“Contact.




: : -, i 2 : | - ;
e Dalen Producls Inc. : S : ,“".‘ = e - : /
: 201 Sherlnkc I = “} o : o I
v Knoxville TN:37922 T Lol (fﬂ r)h‘)(”)())() N 3 :
’Solarvvnl -lhcrmdlly actuated vent opener manufd(mn'r : opcn : L N )
“nine pound vent 722" will 1ift up to a twenty pound vent with the counter ’ *' e e >
- shalancesspring accessory). Solapvent-begins operation at, 68°F and’ i ully s I e = 5
“rextended.at:759F Costéis $24 95 (poslpald) for the actuator and an ad- R . o)
< ditional .$3.25 for_counter-batance springs. Yol ‘can order diréct from
a[en asix- month moneyback guarantce is offered. E ] :
Duracote Corporatlon . e o * - : I 5 o
350 N, Diamond Street -~ ‘ e o S e ) C
- Ravenna, OH 44266 : ; £ (216) 292-3486 - =
»Foylon”. preenhouse-shading/insulating material:fronvBPuracote consists
of atthin sheet of aluminum foil honded 1o a variety of natural .and . . ,
-"synl:h‘glicf:il)ric rainf‘or%{mvms’ The oot mildew “and flame-resistant . : X
Cooemateral was shown torredice annual fm\l costs l)y 17% in Hests done a : - L o =
“Ponn State Available lrom Duracotein’200 yarql X wide rolls for $7455 e [ i
. i)
v \pm ynr(l((uw ;)m sq (l )plm shl[)mm, f()l Ly 24 {7 o i - o
e ; B , “““ B RS . - /rf,’,‘"ﬂ_/v,ﬁw {
; HLnl M()l()rs Inc T G‘j*‘“‘:’“ i) e
- g U et
635 W, Grandview /\\/vmw r : | e 2 PR i >
Sierra Madre, CA 91024 1} : 211 3850019 e :
Heat:Molor (hurnnlly ac (u‘ ted venl opetator m.mnl.u»lgu.w IIT}}}T’_J‘_; EE A R g T
T0patnd vent 1 for each TORF WEmperature aise it Mark VI Héat : ) :
“Motor=Starting lvmprmluw can he selat-Ty- alue between 500 and ; s
9qF, total liftis 0 Costis $66A0Plus shipping. 11 you're interesfed in . o i - B
|\ft1ng the enuru@of for ventilation, a Mark 1 Heal Motorwi-hit2:000"— EEEEE *
J “pounds ong inch for each 00 stemperature risé! Cost is $2.000.00. Con-
o tact Heat Motors foralocal dealer. name. . i : 3 L . e
f»lnsulated\Shnde Company o S Lh ‘ ST : ! ;
17.WaterSireel:: e o o P ‘ Lo B . S
Guilterd, CT 06437 N ? : S St :

“High RUzinsulating slmdt- manuf.\uu:m The |. S shade.is composed- ol
Tive layers of reflectiveplastic film thatare held apart by plastic:spacers
‘when iivthe down pmmon The shade material ((Imounlmg airsinfiltra-0
tion-around its edges) pives and RIS whenin the down position. PVC heads
$1.250in.f1) can be houg,hl for shade installation, or seal strips (504/1in.
ft) can be purdmwd [of lise with site- built ‘wood: jambs & honds High-| l\
shade mnlcrml casts $2.75 pel sq. ft, and shlppln;:, :
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