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I f you are interested,in designing and building a passive solar 
greenhouse, th,is manual should help It is a how-to tech- 

nical guide for do-it-yourselfers’ that emphasizes durable, Iow- 
cogt construction techniques. 

This Guide is not written for the novice builder It should 
be treated as a supplement to existing Iiterature on solar grg!n- 
houses and standard construction practice. Details that shpw 
how to mix concrete, build a stud wall or frame a door can 
be found elsewhere This Guide details more specific construr- 
tion techniques that accon?modate the energy-efficienc+and 
light transmission requirements of a passive solar greenlioyse 

The authors assume that the readers understand what is 
meant by a “solar” greenhouse. Unlike a conventional green-. 
house, a solar greenhouse ilses glass or s.omc othei gla7ind’ 
primarily on the southhrn Fxposure Most other surfa’crs- in- 
cluding the other walls, foundation and even pa& of thgroof - 
are well-insulated to retain heat Additionally, a solar g&n- 
house must Contain heat-storing material-such as water in 
barrels or.masonry--fb Ftore solar heat for nights and tloi~dy 
‘days HPat bills for-a solar greenhouse are much less brrausc 
thermal-storage, alonb with-air-tight, energy conservigg tee-h- 
niqucs greatly redurr the CISCJ of a backup heating systc1r-n. 
What’s more, a solar gr~~c~nhou~c~ can’ bca d(lsigncd to supply 

~ hi 

the needs, uses and economics of bui,lding and owp&ng a pas- v 
sivc) solar grrcnhou”se Part II outlines the preliminary @lanning 
,requirrcl in decicling the appropriate location, sire and shape 
of a solar greenhous&. Part III cliscusses each component of 
a grecnhousc, rc?viewing altt>rnLltives and cletaillng construc- 

‘:+ tion techniques forefoundations, ,framings, glazings, venting 
P systems, heat stomge and various interior management parts. 

Part IV, the Resburce Directory, ptovides 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. 

hcatdto an attached t~uIIdIng-oopt,rating as a Iargc’ \olar (.ol- 
: Icc’tor . 

1 hc, Guide 15 cl~v~dr~cl, unto four I)‘lrtj Par; ; brlcbfly r(avIewj 
-‘cz 

- 

P- a0 

-.: 
.- - 

The Guide concentrates on low-cost building details that 
mYnimi7e material costs and maximize labor. Because the tar- 
get audience is do-itlyourselfrrs, it is assumed that labor is 
more available than money Also, the alternative designs and 
const&ction techniques sometimes differ from common 
practice In such cases, builders are urged to modify the recom- 
mendations to satisfy their local condltlons 

A solar greclnhousr mgst be designed to complement Its 
specific sltc as well as its buildc~r’~.4kills and r(xSourc‘es By 
presenting ‘1 number of alttxrnativc>s, the Guide IS Intrnclcd to 
promote the design and;constrci~tiOn of low-cost solar grcrn- 
houses that I-ompI~m?nt differing sitrs, building skill5 and 
av,lil~iblr rc~~oiirc(~s dcndlng feedback from readers and 
bullcl(~rs, the Guide witI bt> updCltt-‘d with c>nc-h nclw printing 
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- Chapter 1: 

, 

a 
’ . 

, * c: 

A rt’ you <I tionitwwnt~r hoping to rt,dtit-0 \#twr hcatlng t-tliI\~ * 
Wt,Llltl y& Illit’ It1 ll<lVC~ 

\ 
<I room III \-otlr hot15(* Lvhrtrtl it I\ 

nlw,lys wCirm C~ncl \uiinyt Art, you ;t vt~gt~t,lbIt~ lowr \tlar( hing 
for a source of yc>ar-round t resh pro$u(-,izp ,a\r.t~ you ,I ‘irustrnttd 
garclcner looklng for a way to c>\tt’nd a short sul;im(>r grwv- I 
~ng <pason! ‘. 

It 15 Important to ask yourself such questInn>, because you 
must determine why/ you avant to build a solar greenhousr 
and whether a greentiouse 1s the best \\ay to help satisfy your 
indivldL!al’needs Soilnd decision making and early planni’ng 
can avoid faIse,expectaflons BulldIn, LJ and maintaining a solar 
gre’enhouse requires a commltmenj~lu~t %ow great a corn- 
m.ltment depends on hp\v thcl gwenhouse I\ to hc used Time, 
personal enrrgy, and money are three nt’crss,aq rt’source~, 
Cind you must drttlrrnine ho\v mu< h oi t’nch yogi <irk ;Ibic <iiiti 
wflllilg to s,&l 

_I Ih~\,,t h,lptclr I\ d~~s~gncd’to ht*lp \‘OL tit-rdt* 11 ;I solllr 
~‘rt~t*iiho~r5(~ I\ ,Ipl)rtal)ri,ilt~ to \lrjtir ric‘c~!\ hiliow \0t1 st,lrt 
t~~~~t~l~ii~ tir\t, LV(- ~vjll tli\c ki\\ t/1(* n1~1111 rt*delns Ior i)ti~ltiriig 
,I \oIllr grt~t*iihotrst~ ‘llld thcs rlr~c~tl\ it ( .in tilt St*< c,nd/\J, LI’I’ 
\YIII prtb\cbnt ~,~I~t~rn,lt~vt~~ th,lt ~;in mtLt,t the> \:~mt~ nt~d\ ,I\ ,I 
5ol;ir grrrnhoti4t~ (Otitln, ‘1 lk,, P\pt’n~i\ c ;lritl It’,5 timtt- 
t onsuming ,iltctrn,ltivP ( dn ho niorta siilt,lblt~ ] Fin,lll\‘, ior tho,tl 
\\cho rlt,c ~clc that a scA,ir grtxcnhou<c IF* thta right option, ~IC 11 III - 
rwltA\v gtlnthr,ll m,ln,tgt~rrlt~nt -GLIII\ nwtit~tl ior ~rt~t~rlhou*t~ u<t’ 
lnr t~\,~rnpl~, gri~c~nhotl<t~ g,irdt>nrng I\ \nmt~\ h,tt dltrt~rt~nt 
th,lri 0uldi~or qroi\‘lng i iLt~\ I\t>, ‘I hc)rlit,-ht,,ltrng”~\,,tt~ril th,jt 
iililidc~4 ,i \ol,lr ~qrt~t~nhoti~t~ rt’quirt’\ ‘I ,~o~~~l (lt~,~l mart’ .itttbn- 
tiori th.;n slnii)l\ ,l(ijrr\tini:,t tht-rniwt,it 





















he’r?.are two primary eco.noniic questions regarding a ’ _ ‘.a 
. 

II 
1 passiVe!:solar greenhouse: How much does it cost to build? 

‘_ * And, how &qch money car! be saved through itsfilse?.The first 
.questibn us.u&Jy can be answered befoie;ou,;tart to build.. 

’ 7heianswe;&o questibn two isfa bit more ambiguous. .,: 

project. The true value of the inv&{ment is directly related 
: to a-n owner’s personal commitment to utiliqe the greenhouse 
L efficiently. The Rayback economics of o?$ing’a solar’green- _ 

hpbse are based on specific cases rather“tkan general fdr- 
gures 
food 

mulas. Each greenhouse generates a differeSrset,of fi 
.I regarding construction costs, home energy savin’gs and 

t production, not to mention the unquantifiable esth‘&ic bene- 
B f.its, such as promoting the gardening tiobby, using rkn>wable 

energy, or growing organic food: Ow.ner/buildc ?rs must d$ter- 
mine their own set of economics estimStes.and make de& .\\ 
,sions-accordi,ngly, r 

,In -this chapter,. we will. givd soTe ,basic guidkiiries .tp 
help builders make sound decisions. on construction costs. 
Additionally, guidelines will be set forth to help you determine 
ari estimated payb.?ck oti your investment. You should get 
some idea of what to’expect from your greenhouse from 
examples presented here.“Bv&, again, such an estimation is 
conditional upon actual use and no-standard model is uni- 

\ * ‘:. versally valid. Be wise and carefully plan your ‘investment. 
_ * . 

,,-:- :, - cc : Find out, before you ‘build, how much you will need to 
. . . - <. ., e spend,,and determine as best \/ou can how much you WI Plave. .f-‘;. 

. The process can take time,, but the planning will be well worth 
-A 

i-* 
the effort, and may eliminate some un.pleasant surprises. 

_ u / 1) ’ 
_ _I / 

I/ , I : ,I x. / 5 . 
/ ~ ? 

/ / I \,‘) 
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FlGiJRIN;G EXPENSES: A NECESSARY T.&K! most costly part of the project. Building the greenhduse-your-’ 

The first thing to do is fig;re.out an overall estjmate. Using 
3e~llf%7~lll keep costs to 2 minimum. However, materials anI 

the sizing suggestions presented in Chapter 4, you should be 
design factors also will weigh heavilytjn,totaI @xpens,es. Be - 

able to estimate ho’w large your greenhouse must be to be 
resourceful_thrifty scave’ng~ing for recycled materails c+h 

useful. .Then, using the Rough Cost Chart (Table 2.1), figure 
reduce materials cost considerably. Fo; example, obtaining‘-l,.[, 

out a total cost, t’F?his cost is still within your bu.dget, you 
unused storm windows from a neighbor’s garage may be you:r ‘.x.__ 
best bet fbr glazii$ jurfaces, and recycling wood from an elf _- should proceed with a’more detailed estimate. 

A.tentafive but relatively complete design is required. (Co 
building scheduled for demolitiori can.be worthwhile. “:Lsi ,y 

through the design process in”Parts II and III, and/or‘obtain a Depending upon your purchasing decisions and desizhr;;. 
set of plans-see the Resource List.) Start with a set qf draw- constraints, construction costs per square foot’of floor spat? 
ings that includes the foundation, fra&i, , glazing, wall and 

P 
can range from almost nbthing (owner-bUilt tising all recycled ._ 

roof sheathing, and details such as ven’;, doors,‘and a fan. materials) to $30 (using unidn labor-and a-II new, top quality 
Dr.&wings must be fairly accurate so that y’ou can list all re- mate’ials). Attached greenhous& tend to be less “expensive 
quired’materials. Then the costing process begins. ’ than ~-reestanding ones since the common north wall already 

Investigate a variety 6f sources to find out how mu-c6 each exists Automatic features, such as t6ermosta;ical’ly cbntrolled E 
” item will cost. Be cautious and obtain more thah one estimate. -,heati lg and venting systems, will increase costs. UGng les;. 

for each item. Table 2.1 lists,four ranges of greenhouse con- expersive materials to make the greenhouse affordable is i 
Yz>truEtion c&ts. As you can see, costs will vary a great deal,; an ‘dcltion, although replacement cost’s for less duratile r”+: 

Depending on your building decisions. Labor can be the single teri,>l; should be anticipated. i ~ 
-. . 

‘_ ‘. _’ F. ..i \ 
. 

costlsq. ft. of 
Greenhouse Labor Materials Glazin‘g . ‘ ‘Contzols i- Foundation ,. I”,\, 

* floor~area** ..’ 
(Le. venting)- ; 

1 ._ _- . . c . . 
‘. Owner-puilt; Polyethylene . 

CASE 1 $1.00 - $3.00 All Recycled 
no labor expenses 2 

(a lighter weight Manu,al . . ’ ‘Railroad ties 
plastic) 

-: _ = G<od quality, ’ ~. ._ 
fiber-reinforced 1. 

” CASE 2 $3.00 - $10.00 Owner-built; All New plastic Manual Concrete 
no labor expense_s ~~~~.- (outei glazing), n 

i polyethylene ., 
Inner glazin$ I I 

.- 
CASE 3 $7.00 - $14.00 Professional Same 9s C-e 2 Same as Case 2 . Sage as’Case 2 Same..as C&e 2 .\__ 

/ ‘\ ._ __ I . I 

CASE 4 Highest quality ‘- __ 
$p.Op - $30.00 Pr6fessional Automatic CasZ 2 

r ZJ. 1 glazing 
“\_ 

* 

TABLE 2:l Rough cost estimates for a 

. 
*/ 

Cosls do not include planting beds. soul. Ilghts. back-up healers. or other Items needed to use ln 

medi&& a,itached>nla,-gree&ouse &eenhouse lor load productton, 
: ** 

1979 prices subject 16 lnflatwn - note thal bullding materials prices tend to inflate laster than lhe 
general rate 01 inflation. , i I 
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he primary design consideration affecting solar green- 
. _‘, , houses is I’ocdtion. No matter what size,‘:shape or type of. 9 - 

greenhouse you intenti to ,build, you must hav,e a. suitable i 
( ‘<, location. Of course, all design consideratto‘ns are interrelated .. . . 

. and must’be complementary. But your location decision will 
.,., .,. .,.,.,. .,. .I. .,. .1., ,i /,.,., -. .,./, .,.,.,.,.,.,.,.,.,.. .,.,. .,.,. i.,. .,, .,.,.,.,,,,,.,...,.,.,. .,_, signifi.cantly..aff,ec.t .e.ver~.o~h‘er,,de.~i,g,n factor. ‘F&or &xample. ‘i 

I 
,,. I. ., .,. 

,’ 
,i’ dbapter.3: you may choose a-site that is sloping-away’~om’~~~“~‘~~~e to 

..,.,/. !1%,. .,... > . . . . ..._._,. 

-. ’ 
i the southwest. Thus, the greenhouse may require a slightly -’ 

> ‘sunken foundation, glazERg facing predominantly’southwest ~-- 
L .._ 2. ..~~---- - ‘I . with some east-glazing/and ra-ised beds-in-th~e’-re~~with-1~~~ -- --:F 

, ._ beds in front. : .- * 
A suitable location foi,a solar greenhouse depends upon . . 

‘.-- .~ “many factors-most notably, sun access. A certain lgvel of _ 

6 
solar radiation is .required for a solar greenhouse to function -A---- 

‘/ -., properly. “-F$rcro=cltrmaW+Ectors that wilE2fZct greenhouse ’ -L 
_____ -- 

.\ operation include site location, too;-for example,~windbieaks,~-~ 
\ ‘* _~._.. -~~- ~-~ surrounding buirdings,.,arid slope of the land can be used to ,-~ ~ 

.’ ;, L shelter the greenhouse from harsh winter weather. Oth’erVloca- ’ ” 
-,; I tion considerations include safety, pollution, drainage, and r I . bu,ilding codes. Consider every factor before you make a final L ‘... 

---?.. 
.p ,I - ‘,,vp I .:, , 

decision.,.Once built,,p greenhouse becomes a permanent 
\‘\\ ” ‘j . .: ” 1 :f,:_ ., ,- featureofyotir bropei?ty, arid is difsficui’t and costl\;;to move. ~1 ’ -. 

i 
Y., :‘, 

‘-.. 
SUN A&E% 

---.. 
_I The primary site consid.eration is the availability of-direct : --X- 

“\>,-..<,., ,” sunlight. You must understand the sun’s path to determine 
“l __ .the suitability of your greenhouse site:As shown in Figure j.a, ’ 

-..__ 1 ‘>,, the sun rises in the east, follows an arc through the : Ai ’ -..___, I t #,’ 1’ 
. southern sky, and sets in the west. The sun travels a dif- -A 

ferent path in’ winter than in summer, and subseque’ntly, _-+ 
solar radiation falls on the earth’s surfaces (and on your green- 
house) at different angles during each season. 

D ’ 
.‘>.,, If you ,intend to build an attached solar greenhouse, it 

‘I ., must be constructed on the south side of the existing build- 
.- -- ing. Anywell-exposed wall area that faces from southgast will 

’ . have,,aaequate daily exposure to the sun and .a southern 
! 

s 
i . sky/However, shading obstructions to the 8outhwill affect 

\ .J ? ~$&ur.~site. Nearby ,bujldings, Itrees and hills can block the 
,’ ’ + ,/’ ,’ 

./ ^. 1 . . I ..’ 4 @ ;: i -. -- i----- _/’ _- 
\ , ” _ 

/’ / . 
, ” .-. . . . 



~ I : 
27 

- i i ,.’ 
I., 

-- .’ 

__ p _---. -; - 
i : i’ 

southern sun and limit a greelhbuse’s efficiency.‘Y&must be, ?o determine your optimum greenhouse loca’kon, it is wise 
stire there are as fdw obstructions as possible, barticularl{‘- to do a skte. survey.‘First, visually inspect your probosed 
during winter month; when’kaximum solar expqsu&.is’critical. site. Monitor the site at different times of the day to deter- 

The sun doeSnot ,kise as high-in-the sky dut4ngLdi-nte&‘ilnd mine the-sun’s- approximate path and whether any ‘shadings 
objects south of yoGr Fite which do not cause shading prbb- occurs. If this series of inspections shows a site that is 
lems,in summer ma+compl:etely 6r paltially shade.your green-i .,.generally sunny, use-the procedure outlined below to do a 
house.--during wintea 0n.i;th.e other hand, deciduous trees,! more thorough site survey: 

----- ~~-which‘ lose their---leavei~Gn~,winter, can -partially shkde- your b ‘I -There are three basic steps to$oi;ducting a thorough si’te 
‘-greenhduie in summer but cause less shading during cqid win- survey: 
ter months. Actually, summer shading (from deciduous trees) ..__ ‘\ 
can b;! advantageous in some $arts.ofVthe country by- ie-- 

‘. . . . I ./ , 
, 

! 

@ S+AR NOON: CJEC 21 ., 

, 

/ ,’ 

‘\ 
_ \ 

- 
FIGURE 3.1 Surfs path at 400 jorth latitude 

<’ _ :- 

/ -. 







en and how much the sun will be obstructed. annual ,snow and rainfall, average cloud cover and average 
: The-period between 9:oO a.m. and 3:~ p.m. is most critical: seasonal temperatures, will influence the design of your 

If this area is more than half obstructed during the months. greenhouse. Also, as your site survey has shown, your site 
when you will be operating’the greenhouse, you will not have 
enough sun. At the site in the example (Figure 3.8), the green- 

latitude affects the amount of sunlight striking.your green- 
house location, In addition to-these factors.is a set of “micro- 

house would probably not have enough sun to func$on climate” effecfs which will have.a significant influence on 
properl’y from November 21 through.‘)anuary 21. Although it gree,nhouse design and performance. The micro-climate i! 

’ wo’uld probably wbrk fine the rest of the year, the proposed the climate at’your site only. It varies; sometimes significantly, 
greenhouse should be moved (if possible) to receiveinore sun from the climate at the nearest weather station or even the 

-during the cold winter months, or you should plan on notusing .other side of the house. It is a function of the site’s proxifiity 
the greenhouse during these months. .’ ‘-\ and locationwith respect to certain physical features. For ’ . 

Generally, if the greenhouse faces witthin ISo of south,’ the“.‘ emle, the micro-climate .surrounding your greenhouse 
4 

l 
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ites to the surrounding buildings and natural vegetation, . . 
the slope of the land, the presence ofTlakes, oceans o,r other, 

’ water bodies; and any prevailing winds or windbreaks t,hat 
ma y exist. .Some micro-climate effects can be beneficial,’ 
wh ile others.may pose problems. In determinihg the.proper 
w enhouse location, you must consider and cpmpensate for 
,,~h effects. CTII- 

Windbreaks can be very advantageous. The prevailing win- 
winds in most continental ,United States locations cqme. 

a location may appear to cpnttrct with the need for protec- 
tion against winter winds. However, the..,dominant winter and 
summer winds usually blow from different directions. Sum- L 
mer winds tend to 

Y 
me fr’om’a mpre southwesterly direc- -.. 

tion. As a result, you can locate your greenhouse to take 
adv.antage of windbreaks in winter and wind channeling in j 
summer. Check with your nearest meteorological office to ** 
determine the seasonal wind direction varia’tions in your area. 
For a quick visual check on wind directions at yqtir site, attach i. . 

prc,_-. , .-.- . ..- _- ..-_- ._.. 
winter heating load can be ret 

However, not a’ll 
breaks: Plac 
real hazard, 

nperatures in the full wind stream. If the greenhouse is sited greenhouse. Nevertheless, you should choose your greenhouse 
>nerlv relative tn natrrral or constructediwindbreaks; its site.with some-understanding:of where the summer windsare 

luceds&nificantly. likely to be stronger-that is, already changeled by existing _ 
nea,rby-structures are suitable. as wind- ” .b 

:ing your greenhouse near tall buildings c&? be a 
buildings, natural features, or vegetation. 

Attaching’ your greenhouse to the south side of an existing 
ff”you live in,an urban area, you maShave-noticed- .-building automatically places it in an improved microclimate. 

the increased-wind intensities adjacent to tall buildings. The Due to solar exposure, south sides of buildings are warmer 
taller the building, the more intense this wind effect seems and usuallv less windv dukine. the winter than other sji_d.es of- ~-M-v 

!’ to be. The r,eason is 1 thJt the upper sections of‘a tall building 
‘intersect apd\,split up higher windstreams. Some of this wind 

the same-bui.Fding:A similar erf,cti_s-F~eated-~b~i STaYing your 
. greenhouse on*south,fscing--slopes. tJere again, the winter 

rises up an,d over the building; some of itxis redirected around’*-- winds can be-lotier. The major effect appears to be that then 
, 1 the si’des;,and,,$ome of it is directed downward and then around ground surface is more ne’arly perpend’icular to the sun’s rays 

the sides neaihroun 
tions are off ; . u 

1 winds. These,*ii$creased wind? may c 

d level. Grouncl level winds in such loca- 
ten?i‘vo and-a half times et-eater than’mainstream 

during the winter; therefore it absorbs more solar and sky 
radiation, thus raising its te’mperature. To see this effect, note 

ause, damage to. you’? on which hillsides t]lawing.occurs sooner in the spring and 
,.>t, greenhouse and,, at thiiKery least, will increase your winter ,/ 

‘.’ 3’ heat needs. 
freezing occurs late in the fall. 

On the other hand,,your greenhouse need not be protected’ 
Nearby buildings, fences, vegetation and natural features 

.from a// prevailing winds. tn fact, you may want to’locate . 
such aslarge rocks or sudden ground-elevation changes can , _ 
cause snow drifting in your proposed greenhouse location. 

your greenhouse so that it is exposed to summer winds to This can’be a problem, particularly if your area is windy and 
assist in ventilation’ and help reduce exces.sive temperature 
build-ups rn:jidethe greenhouse during summei‘months-Such. 

‘receives a lot of snow. Try to avoid sites where the snow is 
known to drift, ;t., 

‘-, I 
. . s 
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LEGAL NOTES 
/ 

; important.for resale values.” Although ypu may object to 

/ Suppose you ‘live in a suburb out3i your neighbor’s‘ lack of creativity on building:design, he/she 

_. qonducting a thprough site survey may have every legal right to--stop you. 
Before vou dec!de.where to locate vour solar ereenhnrrse 

---., I -- - --- . CL?. L---c -5 ..^. r-iioGeI V&ve .kt is important that yoc~ understand_aII the accompanying -, 

..I,-q.-x -Y.P-ti::eP”e: 
legal considerations: building codes, zoning regulations, land 
usexontrols, propery easements, insurance, and even “sun- 

other factors noted in this chapter vnrr’ve deXded to hlriln an 

dttache.d solar greenhouse onto LIK I I UI IL VI you 
just frnrshed the foundation when your neiphh 1 1 
toinquire’ about your work. After exprarrrrrrg y 
t b e neighbor becomes irate. He/she 
convenant in your subd-ivision -- 
any such structur.e in the front yard. 
visual cqnformity on this block,“‘the 

Before jou start construction, a meeting with your /&a/ btii/dini 

space rights.” The-major issue you will confront is uncertainty. 
The kinds of’laws that affect construction generally are en- 
forced by local governments, and no two local governments 
seem to think alike. Consequently, there are no universal 
guidelines that apljly. Every greenhouse must conform to exist- 
ing loca4lcegulations. - 

The number of different buildiig codes across the country 
y in levels of is incredible. Even m-ore striking ~s’the diversit 

-1. enforcement. Some governments;have stringent laws‘anc j en- 
force them with determination. :_” ” , 

Building codes generally set standards tor new constriztion;: ‘- 

1 including. residential and conlm*emial structures, and ad-: 

I _ 
ditions to existing structures. They regulate such matters as 
structural design[size and location, loadsand stress, founda- 
tions,, exterior walls, floqr systems), flre’protection (fire- 
proofing qf materials, chimneys and fuels,. Pirewalls), mechah- 
ical and ,$lectrical systems (heating equipment, 
electrical wiring) and issuance of building permits.. 

pIumbin‘g;‘\z 

In mo\t municipalities; a building permit is required be- 
.fore conptruction. To obtain a-pe%nit; construction plans are 
suhmittgd to the local. buiL$ing ins6ector who determines if , 
they me/et existing regulations. The degree of detail re.quired j 

: ,for thes plans may range f&n clear sketches to.architectual __) 

1 : 

., or engineering d’t-awings. A’b’uilding permit usually costs very t 
little, albhough in some jurisdictions this fee is based on the 
value-of the construction. Other permits also may be re- 
quired fpr plumbing and electrical installations.. 

If you need to obtain a building permit, ,be prepared for 
.,. .~. ~n.y.thj.n~...fr~.n~,.a,n .easy..rideto difficult. times..In all likoli- 

hood, yjour local building’inspector will ,be a positive in- i 
fluenceion the construction process. Inspectors can pinpoint 

I 
. . . 
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rertain nrohlems with vour oroogsed design. However. local: surance categ’orv for a greenhouse. ‘Sol- greenhouses--ha\ fe- ---~~ __. _-.. r- -------- 
buildihg officials somdtlme; lack?the expirtise to judge un- 

. - 
/ b’eeti insured variou’sly as heating systems, attached butun- 

usual building structures. such as solar greenhouses. If thev ’ inhabited space, and attached buildings, as well as green- 
are unfamiliar with t he structural design: even th&gh it is houses. Finally, if you plan to insure, make sure your green; 

d,Wxpumr-proposed greenhouse plan may be rejected. Some- house meets all”safetY and building codes. If it idoesn’t, 
niliar term ‘$olar greenho-use” generates your insurance company may have grounds to r 

3 you. Even if a building cod,e m-ay, in fact, prohibit’your .ja.ter, the trees ;wilf‘shade your’greenhouse completeiy. Can 
greenhouse construction, a variance .from’qhe code sometimes ‘\jou stop him? Not in most areas of the United States, 
can be obtained to alloti it. ;* where ~OLI have no legal right to unobstructed access to 

I Zoning laws also may affe&your location decision. These direct sunlight. In some localities, however, zoning regulations .’ 4 

Jlations usually deal wi,th iuch matters as: allowable uses can.‘prevent the construction of multi-story buildings, ar-’ 

j area (residential), commercial,< industrral); build- * Property easements ca, 
. 

height (possibly a limitation for a rooftop greenhouse); love for tall e ,_ . 

regr I” 

for the zonec n be obtained to restrict a neighbor’s *’ 

ing vergreen trees. Also, some states and munici- 
sethack rc=nlliremPnts fthe m’iniidglm ranen sn>re that rnrrst he palrtres have passed laws that specifically piotec 3 sunspace ,.” ------.. -~-.. -...-..-- \-..- \‘~... -PI., -r--- _... -_ ..-_- -- 

I. left between a stru&ure and th,e property line); side clea ; 
----------ance&the space between your building -and the,+ext); an !I& 

rights for solar users. But, again, no universal laws apply. Be-/‘/ 
fpre you,build, check with your, neighbors who could p.os’- 

maximum lot cov.eragKSiich~gu,Iatibns gener? _ _, 
rrgrdly entorced in urban and sub.urban environments than wrrurrg dllU II )ur 

‘I$ are more ,j sibly interfere with Your sunspace needs. Strike a dp6.l. in L 
. .._.L:-.- --^I - otarized, to prevent them from making yc 

in less populated areas-. Further. if vbu live in a subdivision or greenhouse obsolete, Perhaps you can work out a deal where- ~ 
condominium m development, exa-mineh,any-regul’ti4n (such as by you heelp plant your neighbc )r’s trees -in exchange for his 

, 
. = restrictive covenants) imposed by thedeveloper orjneighbor- agreement to plant a‘ var!.ety of trees that will not grow SO 

hood residents. r \ 
1’ *alI (and may provide a better windbreak).’ 

Another legal consideration is insur~nci+Obtain&&coverage _ -- ~.._ - .i -. ~ -~----- -- -- - - .x 
for your /solar greenhouse islnb~.ik~.~.~~~~a-problem. Your : 

‘! current homeowner’s’ policy should coverttan attached or de- ., OTHER CC~)‘NSIDERAT~ON~’ : 1 

tached greenhouse on the property. But proceed with caution. . ,Pol)ution and drainage_cansiderations, as’ weil as the 
Check with your insurance c’ompanY hefore\tarting,to,build, 
to ensure that the additfonal-structure wil‘l., be covered. ‘A 

general’safety of your site, are three other impprtant factors 
in your location decisim. 

special rider to the policy may be necessary. Some urban Pollhution, atmospheric or ‘otherwise, is a problem w-hen 
dwellers may have trouble because, due to a lack of preced&, dust from nearby d;it roads,or soot from chim,neys collects 
their insura‘hce companies may have difficulty ‘finding an in, on the greenhouse glazing. Unless washed off periodically, 

.’ \ ? 
\\ 

. d/. I,. \ . .* 
., : r * \\. . : 

\’ 1 . 
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such accumujatibn reduces the am&its ofsolar and sky radi- /’ 
-_ _,.-.-- 

thaw&r the greenhouse and contributes to the degra- 
2) Falling tree bra’nches. . 
3) Rocks or’other objects thrown by children (or adults) 

6-61; plastic glazings. Likewise, ex.haust fumes from pass- in a nearby*street, park-orpla,yground. >ii 
-I 

inn traffic and gene’rtil city air pollution can deteriorate the 4) -Roc!&pun-up, by.fi@s’bn nc 

-_ ation 
bdatiol 

?arby driveways or roads. - 
quality of the ai; ehteri;ig the greenhouse:,Heavy metals.(such If the only $q& cap-fi6d may’ be subject to such a,ccidents 

~ aLradtiiu%m an,d lead] can.build_wp~.in~the~~oil_and be ab- 
sorbed by the,plants. No definitive studies havd bekn,com- 

orIy$$J-ism;. conGder the use of7-,un.breakable plastics for 
the glazing: If vandalism is a particular, problem in yobr 

pleted to determine’thg impact of heavy-meta ‘I> contamination neighborhood.; you may want to place your greenhouse on a 
on greenhouse prbduce. However, the pro’b.lem is. regarded as 

- serious by/many greenhouse horticulturists b 
rooftop, po’rch, or. spme other out-of-the-way place. If the 

an it would 2 vandals are ybung chitdren, consider getting the’localkicls to -‘, 
bee’-wise-/to -think twice”~before buildifig a -food-produci,vg help build and/or Qperate the greenhousel‘TJJ,eir participation ’ 
greenhouse near heavy autotiobile traffic or heavy urban air’ can help eliminate the cause of vandalisni. 

’ pollution. ’ ., ‘I / _i 1 I 
Dr; sinage c’orisideratiotis, generally, relate to .the e&tour . Rob Corbeft’s greenhouse in Bulfc, Montana uses fhpsolid 

of the land, the groundwater table‘, and existing drainage concrete walls of ay&r-old ore bin for thermi/ n~;lss. The I 

m&.hanisms on adjacent buildings. Obdiously, you should 
large h7ining sfrtrcture provides i3 unique localion for; 
solar nreenhase. 

avoid sites where water normally sits.‘on the ground f6r some 
time: after a rain. Hollows or slight. depressions should be 

’ avoided, although sloped land is all right as long as the 
sjoi;& is down and away from the greenhouse. 

A s,hall.owCgroundwater. ta’ble can be a prMem, particularly 
I when @ilding a pit or sunken ,@%Ehous*. Seepage or leak- 

,age df w‘ater into the-greenhouse contributes to a damp en- 
vironment thatlphould be avoided. However, a greenhouse 
flooi built at about the same level-as the surface of the earth 
‘- --L I’, -1. L- --. _- --.. ---!-I--__ .-.’ 

I__, ,; , 
a 15 nur-uelym L CLL~LLV: .duypp.r-u ~utl I I L .- 

.A-lso, watch where you place,your.greenhouse with respect 
to the r>in gutter down-spouts from the house roibf or othec 
neArby buildings. Be sure that rain runoff is.directed awby froni 
the- greenhouse. If you -are installing your greenhousd on a ! 
roof or porch, do not block existing dr&in,age holes or slopes 
,tPat tarry water off these areas. ,‘- . 

try to chooje a greenh%u& site where there is little 
d of structural dai%age due to act-idents;-fa-l:l-irrg 
vandalism. The glazing, esp&ially, should be pro-. 

1 <nmo nf fho nntontial hx7;Irrl.z tn zavnirl. 
. I 

Falling ice or packed snow from overhead tree branches 
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1 Radiation penetration for optimum light levels. I section f&- the entire winter, iemoving the insulation foi 
Man$of the consideratio& mentioned for heat collection/ spring, summer and.falt operation.) - 

-also apply to light entry into~kthe greenhouse,, because it ij, . Both sinjgle- and double-sloping attached solar greenhouses 
light radi-ation-which strikes interior’surfaees and’is cohvertedi ‘have theiri advantages and disadvantages. To provide gobd 
to heat. However, &hileeheaf.generati:on i5 a major consider-f head roo& h h 
atioh during the cold‘er,mqnths, optiml!rn’ ji.ght penetration isi 

t roug out a single-sloping stiuct&, the green- 
house is gbing to have to be quite tall. But it is generall\i-$... 

a cdnsiderat’ion year-roun-d t.o proltiote the,ijlhotp5ylithesis \ ‘, simple:r stlucture to build and lends.itself to’ growing crops TS‘:: 
necesstiry ‘for good plant growth. In fact, light (rather than \ directly. in: the- ground, l-he clouble~$loping’ attachecl solar 
heat) is often the limiting fhc_tor for greenhouse plant,growlh, i 
particularly in areas with clobtiy winters. ’ 

greenhoiti;;e can provide adequa’te head<ioom fGT.AYorkinfi in -- 
_ .- _ 

comes fairly uniformly from the whole sky. On the other .?I *: . . . . trafion f-orjphotosynthesis is to gta~ze--the ic&heTn half-of’the 

6 Tl;le sun is higher in the sky’during ljte 5p;ing and summer:. ’ 
r$is,ecl beds at the! front of ,the grc+nli&se. Also, in $c~ivy 
snow area 4 , the less-steep roof sectibn must be strong enough 

Thus, a steeply sloping, south-glazed surface designed to 
accommodate the.low winter sun may not permi? adequ,ate 

snow [oacl-if the slope is less ~ll,an 

light pe.netra’tion to t,he back, of/the’greenh.ouse cturini la’ie 
slide off by itself (s& 2‘haptrr.‘6, 
construction sec‘tions). 

spring and simmer, or during overcast periods wheri diff+e 
; light 

~. East and/West Glazing. Anothei way to incrgase ILight pene- 

hand, It the south glazing wer,e mounted less steeply, say 
around q5’ to’ 40 degrees, from/horizontal, .the summer sun 

‘east and. +est .end walls, ab,ove the level of the .planting: 

could reach back into the gr&!nhous8 quite some distance 
beds. The entr\ of increased morning and afternoon light for 

b,efore shading occured, and edtry of diffuse tight w’ould be . 
photosyntdesis will support better ,plant: growth. Direct. 

adequate. But this ans\le woulcl.be at odds with clirect wi’n- 
morning s nlight is partipllarly beneficial tZ plants for both 

‘1 ‘. 
ter sunlight a,nd accompanying,l;ght and heat needs. i 

-tight and i, armth. If tfieigreenhouse is orien.ted southeast,! 

A @ompromke debign. 
6f t’he soL\thwest-facing enct wall; if its 

i, 0 * glad? most of the southcast walL, 
One solytion to this clilemma, 

hca t ,,andifogd production, ,is 
for greenhouses designed for ti&s nf the Scjuth Roof. If .yocr ar’e builcling an 

to \ !~uilcl a strut ure, with two. 
sloping jloii\,h 

\ xtimate with long, hot summers, 
-‘ -glazed surfates. Tihe lower section, called. a you shout; insulate a portion of the. south-sloping roof to , 

, “kneew$ll,” should be a steep- arigte or vertical glazed wall 
(say: a, 60 to 90° slope); the upper sectiion, also glazed and. I 

‘protect the, main hquse from overheating in ~ummer’(unless 
you intend Ito remove thr glazing’from the greenhouse in the 

s slopinc to the south,,wouId be at a less steep angle (say, 20° ,summer; sJe C.hapter 7, ciouble-glazed plastic panels). The _ 
to 45O from the’hdrizontal). This less steep, upper glazed sec- solid portion sl~oulcl be !vide enough to shade tlje m,?in house 
tion wquld.still permit snow to slide off (with hetfi if the 

“,.atigle is below 30°) and allow better penetration of. both dif- 
of the day For %ma’ll (less than 10 

/ . -fuse racliation on cloudy days and direct summer sun. The 
steeper,,lower glazed section woulct’allow good entry qf direct 
and-snow-reflected winter sunlight. (If you do not &.n t:Q $row 
anythini in the rear of your greenhouse in \xint+r, and you 
live in an area with much ,direct cjinter sun (many clear days), 
YOU 111ay choose to insulate the shallow angled, lipper glazed 

,!, .‘i . _ ‘, 
‘.> ,: I 

< !’ b / 1 I . 
I ‘. I 
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.Jhe possible shapes. for freestatiding’greenhouxes are many. 
: . r, ,,. , j\ 
\\ 

A few. of the many Dojsibilities ?br different climatd-regions 
‘, 

q. : 5 
’ .are sketc-hed in Figure 4.6 to give you an idea of apprdaches \\ .- Z’ 1. _ 

,*. ” ‘X5, 
I 

$0 designing accbcding to*cll,mate. 
: t :. 

-. 6’ , . -.._ ,- ._ - 

FIGURE 4.6, Pos;ible shapes for freestanding gremhouses 
“> 
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l -Wh00 sloped south rnoi glazing; ’ I 

l vertic;J’l .kneewa// high enorlgh to accon7.’ l 4.5o so1,th rc& ,~kJ’liiJ;~; 

modale i/an-ting beds ~/ICI S~JUW l vcrfica/ k,ncrwa//;, l 10-4O0 sciuttj rbof glaling; 
bii roof;. *part of end An//s ,qlarrtl l il’OlJ~ k/7W\Vcl!/ ‘1; /Jig/l 2: i5 /JfYt/CYT/ iCJ/ 

.’ l dnd <vaI/.s parfially glofclrl for light. 
‘\ I 

l The Brace Institute 
----. ‘rlCC~?b\ LO’ krls f/J iront; 

% 
, ,- 

.mosl oi ~riif \vn//s g!a/ed fbr 3dditionnl. 
c ri’orth r:Ool slope down io the grouncl(e/i- -, L li,q h,t. g 

rniyliing th&north wall], allowi& for ? 
s 

:- 
I ‘. * .:‘. 

yore planting,area in gr;ound, but, no heat I 
‘1 

;/storage against the rprth 
. i “. - ’ /. .’ ’ - . _. ,: 

\ 
’ .’ 

/’ 

‘\ .c-- 
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Axis of orientatio$__ ~--. __-. -. ~~..-..- L .._ -days. Yields .during,?t&is period-.if you operate the ;g~~>n~*~-‘:.. . . 
A greenhouse, in deneral, should h’aie its major length.axis house at all-will be: much towwthan for other’seasons, un- ‘-‘:- 

running in !an east-Miest direction instead of north-south. At 
j 

: ‘. 

first glan&: reasons /may not be so obvious, b.ut cqnsider the. 
lessstipplemental lighti’m is used. 

Abolt 40 sq. ft. of g;einho:?e grQwing area can prc&uce. 
y”“im 

%I. , 
follow..., ----- needs, given a reasonable\ ” 
diffntco Iioht raf 

,inp farts.In ttie northern hemisphere, both direct a,ud 
jiatio/n come, predominantly, from the south, 

most ofi one person’s vegetable 
: “IIIU.,.. ,ab”L 8” 

particularly in the din?&r. Large southern exposures tend to, 
level Bf skill at growing.‘, Of course. at certain times the,rc 
will be rriore food than cin.bc eaten,.and at other times, not -. 

capture more of this/radiation with less reflectibn losses than en’ough. Also, growing skills and techn‘ lues vary greatly. 
Iarek east and west bxposures. Any exposure from southeast F Generally, though 40 sq. ft.. per person IS a good starting ,, 

adeq’iate (see fhe site survey sectjon); A*‘con- ’ point when sizing.your greenhpuse for food production, How- 
yentional greenhoude~with the length axis ‘horth;sQLth ‘will ever, about a third of the gre&,nhouse floor area is generally .’ , 
allow. for a inore udiform distribution of light on the plant ‘, taken up with {Yalkways and heat storage, thus, 60 sq. ft. of 

#y, than w’ill a sjmi1,ar‘structur.e with-the major axis-east- greenhouse area is reqlliied pet person for. producing the . 

-- Q- ~~ 

to southwest is 

canop 
necessary vegetables. A ,jireenhoLge used tar supplemeiit’ing 

effects of-poor light vegetable supplies could be &nsidsrably smallrr, about hAlIf ’ 
this area, or 30 sq ft. of gre(;nhbtrsr‘ arc’,1 per ,pcrson. A q 

’ reasonable sirellor <i iamily oi four iri7 Ihi5 I+tl~:r ~:<15’P woilld 
I be a total grccnh~usc arc’s of ‘120 ~1, *it , (,lbout tl0 ~1. II. ol 

, growing arsa). This could bc an f\y Xl5 orilO’ X ‘I:!‘, ~Iln(.h~!d 
greenhouse; a ~~9:actir:aI~minim~Im si?(k is 8% ‘12’ ’ 

thyugh, iit is g:cnur,lIly nnt , . 

The optin&m sizk of a solar g’tecnhou 
-7 

CO’ rlPlll’“rIs urrlAtl\l practical to build 18’ l’or ilnything smaII(~r, : 
on how it is to be ?sed. As a solarium, I 

1 c 

only to be big enodgh lor the numb&L o 
to usd it comfortabl$. As a heat producer, 

_,.. L. ..,, CII.._, h’“.“.., 

:he slr~iclurc nrccls the costs 0i c:onstruc~tion .arP gc~nrrally vc‘rk’t ,high Ior Ihc 

f peOi7iJ& WhQ WIllt 
Iimitcd groiving area obtained. Jn addition, Ihc* r~~lativc~ly I,irgcx 

the*size will depencl surface ‘areas through \vhich. heat loss can uccur make 

lute. Cen<r~lly, for operating-expenses high per square ioot of $o\ving. area, 

climate, the area of unless the g’Fse\nhouse shell is quite tight and well-ifisulatecl< 

/south glazing on thk, gJee;nhouse must approach 20 percent Planting)and &vrking space. 
,: _’ a 

I ,’ ,’ ‘A 

i pf the floor aiea’of th? main house in order f,or .t:he, solar, a Obtaining ‘!he m&imum amount of i;!‘,lnting space at .t& _ a 
C heat to have a.nqtX~able effect on heating fuel .consumptjon, least cost is t,he prime consideration h+e First, yoi;lhavc to ._ 

. .;-,Some general guidelines to help-size a greenhouse for food drcicfe whc;thcr you \vnnt to pl~11.1 in t”nis~~d:ljcds’ orjni floor --I ..___ 
/I 

,L on how much heat \;ou would like to proc 
an instilated house iti a modera’te to cold 

prdduclion are’as fkllows: A greenhouse can reir?sonably br level Raisecl bvds off[li ccita‘in advant~gt~~s- less stoJ>ping.ln - 
expected& provide ~?licl greens and so’me’cookin~veg~tnbl’rls work on thr plants d11ci more hqat-storag; volum(~, (cithclr in 
.cluring spring ancl ldte fall. during $ring, summer and 
fall, tbmatoes and lcucumbers can ,b$g’rown in the grcc’n- 

t&, or in iiridrrl,cYf sIorag;l vc~~liiil;~~r) 

couth glazing :@ north insulatc?l wall 1 
\ heuse 3s we.11 (if y&jr putdoor climatejs r;ot ivarmenough to to a&on$nGrlatc> raised beds 

f grG& these in the ga&en). During the dead of winter in northern 
cIi&ates, gieeuhousie plants w.ill not gro! n>uch due to’short 

~i$.ce A v,ertical knrrs- 
In’ad;jition, the cost ol 1 

;‘; 
’ 

j.4; ’ - 
* 

.,: 1, ‘I 1 ..? I 

.- .,- 1 . ” ,’ . “ -; . >‘\ / I -‘I.’ -. : 
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Caulk will hold one to the other. The flashin,g.should ‘* 
e nailed to the bottom blate of the tiall or glazing framing, .,;“<>I ,%‘,,.,I;,- 

b 
efore glazing or sheathing is attached, 
d 

rtland cement with liquid latex acidecd, ,or SOIII.P 

. ~IIIIyI~CLcIyIIc coatings. The best bet may be rigicl .vinyl sheet, 
as supplied for mobile-home skirting or in the.form of vinyl 

:mentIlsbestos board, ‘# Flashing.must extend’from the sill to the ground. to pro- , siding. Fareasier to.work with than CC 
tect the insula’tion. In the illustrations that follow (throughout . 

\ the Guide); fl h’ 
vinyl‘ shee’t can be glued or nailed, a’nd will ‘survive below 

as rng is extended vertically into the ground. ground level. Check with mobile home suppliprs or siding sub- 
While this method maybe the easiest way to protect insula- contractors for availability. 
tion, it subjects the metal f,las,hing to corrosion from the soil. ,., The important point to remember is that exterior insulation 
One alternative is to terminate the fJ,aihing with a drip edge must somehow be protected from the sun, rodents and 

.., .~Ly*y.>: at the soil line, Another alternative 3s to terminate the flash- mechanical damage if it is to perform its function. 
--.wz i 
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.U )VlLL NEED: ty~ncil, 

“2. To C’II 
.(l-igll 7’ A) [Jv~ ,111 old I)l,~tlo (,i’n(bw nnc~ will iI C~LIICL I 

for IPnglh, ~ilro ,I Lllilily Itnif(b ,incl slr,lighI(*clg:l- 

Ii/) ~ll/Cl vfiIl( ll,IhOS! 8 c~clgc~5-- (.LII ,iIuIiiifiuI11 c~tlg:cn\ ,II(’ 
~~~iil~~j.sI~,ir~~! C;c~nt~rAlly, c~igh-fc-ml I~~ngttls will I)tbntl 
f,lirly \bql\ily ‘\ 

3. T;,Ir-rrhl: 
,: 

. 

‘._ (YI$o III-‘,I \hircIy 16iI)I[~ willi (‘tic I,IIII~)~ 
tl), Align 11~1, c*tlq- 01 1111 ’ 2 s 31 *Id 1111~ IN~llCl 11111’ I\l.llkOll 4 

. OII t11(* iI:t,hillr: wtth !II(~ !.‘(It:~b 01 tI~k ~,IIII(* (t II:III(’ (7, 
Iaiglil~~l~ lhb (‘-I lellllth ,)I l)olli C~IICI~ ot Ihi) 2 ‘~74 I. 

P) W1tl7 ,I hIA I, 0t WOO(I (;IIHIIII t(L” Iiq), tht~lr~(h)\vl~ 
011 1lll~, ,IIll'~llllllllll lll';lI‘ IIN ll~ltlrll~~;‘l,c~ntI II iI lliIl,- 
,II ,I’ litni, ,,,,5bvilc~liit!g I roll\ 51cl(~Io ji(ltn t t 11h1y t,iL(~ 
Ilircv~ or tcnlr t>,i95(‘5, 1h1c.h ,IIKI forth, IO rn,ikc~ .I ‘)(I0 

-8 .;\ I~c~ncl. With t,,itil~nc:c;, thigh; ,1 v(‘ry iic:eclt, crhi5(~cl ’ 
fo.ltl (‘,III IW iii~dc~ (I’igurcl 13) 1 

: Will\ t,r,lc’tiqcb, ’ c oiiipl(3 hondli (I-iGun> I’) .Il\ti ~‘~iii 
IJIB ,I(.llic*vc~cI wiJh Illiz nic~lllr~~l.~’ 

“’ Nd’l’E: Sl.,irt will1 LII(~ t)itl(‘~Lf of flc~;l~i~~~:-t-l~r~t WOH’I 
,I$~~II,JI(.)~.- t Iliii-~,iil~c~~~~rlv~it~i~~~(l fl,ehilir: ,111;o c,iii, 
I~‘~~l~c~l Illis w,\y, hi11 ,ll~liiiiiiiiiii is iii~ic.h (~,19i(bi ” 
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bQt.l-O~KLiu~n~ plate ,ll:t.r,rcl- ..---.. --.. 

or the top ro\v of tiq\ lo c~limi- 
‘natr kdter lxr~lrl~~p USC? .4 13r’gch chrct>l dnrl h,3mm~~r. or ~1 chain- 

cai? be-used.-in---drf?as wtietelfrost-heaving is not a problem, -- sa\V .or circular ‘;;I\\‘-- thtl bt!vt*l;4 tit>\ \vill bc (~o\~(~r4 \vihl, 
although a.de.pth\,of at lea’st two ties is recommen’dcd i\vo flashing, so don’t Lvorry if it’s not periect 
courses-of ties can be overlipped and spiked together:Sloping ‘.’ 
sites may r,equ*ire more coui;yses! Dig ihe- trench $eep enough 

Clean out the trench to install the Insulntion, bc~ng cnrtliul 
-not to disturb the earth under the ties BackfIll partially at 

so that the top’tie is about’;haIf-exposed abdve grounb, and first to hold the insulation in place, then instail the ilJshing. 
so that the insulation can bc’\installecl on the outside ’ : 

:Wher; selecting used .tiesl,‘ibe careful not to choosC moist- 
Th&n, backfill completely i 

- 
lookil?g .dnes----lhosc that litill’ conl.ain *,K Idi of,, crrosotr; 

Recom~~cndation:.li.),n~~r bc@et is -tight ,Ind you are build- 
I’ 

C;~osote is’losic -to ptnn\s!. I[ you plnn lo plnnl tlirclclly in 
iiig fi. tempornry greenhousr, a iililroad tie ioundqtion mny be L 
cx<,ictly \vh‘it you ~~ltvcl, provitlrtl you gc’t ~hr tit‘s at ,I it.b,rson- 

the gro;inrl (insiclcl the! groilhl oust): 
! 

lhc lit!s mu51 bt~ covcbri’(l dhttv-mt in your artA, I\trt in ;lr(bC1> \yilh ,I lot oi irfht tx~,lving 
wilti.polyc!lhytolic! lo lif.!i!p thy crwsotc froni tho Illnnts. ILiiicl or,. il lot 0i w11id,~ consld~~r ,lnotht*r otllion Al50, (1 rC1itro,.ld 
-t&z trench wiLt> 4mit t:~oty~cl~~ylcnc bcforo placing thtb tics. tit) iuundJtion i> nbt rt~c-ommt~ncl~~LI ior pc~rm,inc~nl <lrtic t\lr(‘i 
ancl wrap the pol,yc~thytenc~ a(.ouncI them, stapling the opC\n 

;encls across thr top so that thv boltom plnje ol Ihr w;1lI will r?d;/rvnrl flC> ;Irc g:L~rrrrlg LF\pe/l,~li c - 5 IIJ,(/IJ ,l~JiP~~l~ iii \LI/IlC 
holct t.hc plaslic clown. ) . I ) phi-cs 11uf c/wcA nro~~ntl mwrifw~ ,I rr,lc,.L 0i frty h~rn~9~/\1.~ 

JhC railroncl Lies iii.~~sl bc sll;curc4 well. Drive st,lktns into , 11, ,l’fiP/d, c.111 h‘ ohmrd ior 1/,1+ ,llX,,,h’ 

Ihe ground directly ntlst to ties (on the inlrrioi or both’ 
j 

p&l5 qr 5(.r,ip mc~tal t)il.)(~s ;1150 \\!ill \\lork, hut hol(~< mti\t bcl 
Orit ti>(l. Use; t\vo Ihd or 2Otl gnlvanizccl i;ails prr tir to ;Inc-hor h 
Ihem to th(a slnkes. Additional ‘10” or II” spihlls c;1n h(> trsc4. 
Clown Ihrough thl> tic9 (or more strength Drilling holt~s 111. thts 
tie5 wilt make iI much Qasier lo c]rivc the spikes (Notr 
Picccs ol reinforcing bar cab be used In<teCld of spikes ) ’ 

The bottonl plate of t’he ~Gall should lje~centered on,the 
lop, railroad,ties, Use a chalk tine to mark the center tine 

4 & 9. ; \--. .,, ,*; , ’ _. , - r .--l._ .’ . . -’ ._ ! ; . , ,, . ,. 
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G’ [i‘$hter framing miy be ;skd &r’the kneew od vent(l(~@n. In such cases, thk knee&all is nqt supportin& 
rafteis acesupported;by pipes (or other ,$ea rpf ters. -Some support is given the raf the .kave (or 

-the,old&‘greenhouses~ith post founc!tilpn bottom plateof the rafter) whieh ii he!d’up.by osts; the rest ’ 
wall is comp’rised of Idng’Qents wh.i~~ppen, ‘. is given by:pipe .supports inside the greenhoyse. ThC! lightqr 
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FIGURE 6TLightweight glaiing &p&M using metal post fo’undation d 3,. ’ 
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Joining ra’fters o’f attached @,r.ecnhouse to the house. 

. 
builders need not worry about ch;innk>ling nil the. conclons+ 

Where rafters. or rafter ties join the house, i plate or tion off to a single locations, bu:t must. be concerned about 
_’ / 

l’edger (usually 2 X 4” or 2 X 6’0 is lag-screwecl into the studs keeping this wate<from rott’ing the greenhouse sLrfaccs. 
\ 

. .of the house wall (see Figure 6.11). There are sevkral options The most ihipoitant step is to eliminate all surfaces where ..I 
Lfo; making this conr)sc‘ction: On low pitches, a galvanized water can build LIII. The top and bottom plates of kneew,llls 
joist hanger,cari be ~pcc~ (Figure 6.8.A). are the most common- placcl inside the!- greenhousr whrrr 

011 steeper pitch&, though, Iho notch in Ihc? bottom oiithe 1 water settles nncl rots the wood. Thus. all plites should be !’ ! 
rafter may tnko ioo%ig ;I bite out of rhu r;lftt!r. AngIltcl sloped imvards slifihtly to shrd water. l’llttc~ should 1%~ brvclccl 
tilotnl cnft<!r hangc!rs ;yt:.,lQ’;i’ilClblo in som(! ~7li10~?‘; 

r; 

n scr;ip pic;r:o of $5 “~~~~ly.whocl can h(: niliI(+d on I Iif’ ontl d 

r;lftc!r bcfortr th(!.riift(!r is inslllll(!tl; lh plywv(xxl is IJichn nail(h(I 
scc:iirr.;‘ly to lhca 1Aat~l on tli~b w,ill (I”ijilirc (1.1113). IIt1 siiw lh,it 

the plywood is ultrrior ,r,icIe, illl(l that th~.cclg:rs art‘ priniitd, 
well-sealccl ancl pai.nlrd. a 

dol.proleclio~ loi filaz.inK suppurl syslen~s 
A grcnl doal of’.waltrr, iii Ihc foi-rn of condcns; 

collect on Iho inside surfqcc5 of thy grt!c!fihoust! gl 
the ilazing,supports. The water, transpi 

41 - denses on th.e cold glazing knrl support :‘, 
down via the most conuenient path. Wa . I 
somewhat less of a I>,roblem in attache 
at leas? part’of tlie year, moist-air in the greenhpu 

, into lhq maiif house ancl rcplacecl with drier hoit 
e,vcr, such venting is not operational year-round 

-- II~LISI be taken -to--build all-surf~aces~ of bothmatta- 
/~~~~~G3~011;c5 -.insiclc~ ahcl QLI 
old, singlo-gl;lzod, Inppc:&filass 
ilion chl,nn(:Is wore I,royicitd i 
(I Chapter 7). The walvi rilll clown each piece of glass 

overlap, whcrc it then ran sideways to. the ,glnzing 
I;ports). It;^‘th~n dripped clown c-hannr!s in thr r;i+ftrrs, 

into a gutter 21 IJitl eavt’; a/id off to a convenient collection 
area. Preventing dripping was important ‘in many of these 

0 greenho&s.es, s*ince water drips could spoil val 
crops. 

In doljble-g/aged splai-‘. greenhouses, less water terihs to sideytion for raimvat& runoff. 
The slope ad the sills be/on i ---I . 

>t 
condense on--the--inner ,glazing because &s surface temprr- r -- 

jh_e glaring help~protect-the 
.ature stays warmer than dqes single glazing: Solar gieerihou%e ivoocf~.from rotting. 1 ,L 
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To bcsl~inlegralo the g&&housc< with 
/P-. 

.* 
1 

~ * 
Ihcthouse, lhtf ml(~r- 

‘. ior of th,e walls shoulc’ ’ ’ ’ ’ 
’ tachec! ‘bu~ilclinfi, wbe 

.I ,LIC, sneetecl ano pa’nlecl ‘iike the nt- 
grcatc’r use of the .grt>c>nhouse. czpc‘ci;illy during Ihc colt11 

rc possible. Any e,‘tcrioi treattmc>nt J 
months Institlf a Fcrren door ;iz’~vrll, if ymou plan to II’;? Ihis 
“dirxt accesq” opcninz to vctnt solar heat: It \vilI helt,“kern .,a 

should ii~qluclesicling of reasonable quaIit-\/,(tigl>t Irini aroiinti 
1.k SC 

;,,. c?rnersi and cave,5: fflasliing where nesessary, caulking be- 
greenhou+ peits’out OF the-ho~~se&nd house pets out of the 

xtween trim and siding, and a paint or slain finish (9 
greenhouse1 ._ 

: / . 
ze a general ’ 

.constru~tinf~~ text). Va[ticle board, plywoocl or other glurd 
A second door <hould he tnstalled that leg& to the out 

iy quit-kly, if Ihry arc’ not pninlcrl or 
sidcl This .‘\cork at:ce<i’* \vill be used to move dirt, glat-l:. I 

~1. II~~Torc~ tisinE lh~5~ ‘3onic~vh~I dt>li- 
\z,hI’c~Il~;1rrc)\\’ 

y t~v;tIu;tI~1 lh(> likt~lihoo~l ol- I-ontin~tc~c.l 
c’nryr~!l to dCl 

‘. I~~,rsl \\lindv , 

-Lx rnal~rinls’ 1qM 10. cl@c; *cl, 

!- if I ho ~~lit5 ,t rt’ ‘r1:pos( 
5 and pcroplt’ in and out;Jhe outside door, wide 

. 

.:,,.. C,llt’ tlli1l~~riillS, c;trt*full 
mit y(~t1r.L\‘hc!clli,~rro\~~, should hc pIdCMhnsfTTi> 

. * tit,tiillt~lj,;tnc.tl, If y.ot~~tl~~ ttst~~‘Ihtqt, Ihtll(~n ,111 t2lc~rto’ cornc\rs 
., i(lls .0i 1hci grtbtanhou5c* ‘ii pc;t5sihl!~ ii rhtb :(I,w~ 

;Itltl VtltItt:j.ii~l .ifJinPi, r~tttlk ill1 Iiori/o~ll;ll jrlinlj . .‘I P 111’ $(IIC’ , 
\vintly SitIt:” 

,111( 
.lI\OGts 211 llft’,\ Il~,If sJli’,ttlCl I>(* gl,i/c‘tl, ,I (((lr1’;- 

,! a8 ‘, 
, th~~~h~~i~ltlt dkfs 0i,*1’ ’ ’ .’ 

: 1 
11,’ lll,tl!lrtitl I? lic*pl p,iinlf*tl clllCl Llll- y 

ngtl!.tsilt cl[,nr \vtlh ,tnv pl,t\ltr gl,r/ing ~hot11cJ htp I/trill (!(,(I 
i-ijiltrth h I?) II ~IxNII~’ 

:’ 
tYP ~l~~lt1~l~:-~l~t~~Itl (ti Ih(s grcv~riliott5c~ is ; 

6. 
cGj~osfd Ic) splashing Witlt’l’. ../ .I 

,I 
,I 

< ‘, ; I d0ttbl~~ gl;t/(~d), ttghlly sc~~il~yl, ,tn(l \vta,II hc~r~lril)pc~d If 111th 
.” - : 

‘,I % 
,;-‘r-~.(yo~s ’ ’ c’ -* ’ “lt>a5l \vincly \icl,~‘~~’ 

’ F0r.J I&4:os ,.~11~‘(~;5ho[ts( , l’?t tllrl Iloo;- is I int>‘lht* ;itlditttrn 
ti <I \oIid \~dll s(:(‘Ii‘orr, .nic~\l ,~ny (loor will 

,’ 
of sonit’ gF;‘tvc;l in,jh~~‘lj;ilh\i;i\,s 4ill htrll) 

(117 <An in\ul,tltbcl (loor i\ r~~(.(11i1111~~rt~l~~(l, b~;f tt is nlopa inipop ‘“y--.- 
rslril)lx~cl,. If ’ ‘kc~y th(:4loor irnm ILint that lhtl door b(l tightly.q~,tlt~d ,~nd \vc~;l)lh(~ I 

’ 1111cl k(x!p grc$nho;tscl ttsors’i~om Irac-king putI you c,ln 51’~’ doyltght ;1nywhrril around 1hc4loor w&n it is 
-8. 

:hunkS of concrette alSo can SIlLIt. the do0 

I 
1 ilito the hoiisc:. Olcl bri’cks or .( 
= mh’ke nice pathbays., , : :x ~ - a\ ,’ 

Al Iourf’cl Cc )ncrebe’floor is rather e$e!isive, 

lrlts not ttght enough tor wtntrr ‘use, (Rrcyclccl 
doors can be jnsulated neatly with Styrol’oam sheets. Cover 

I 
:B distinct advantage,: ,I t c’an be cleahedc. 

‘the 5tyrof,oanJ e8ge.s \vith wood strips an+ glue the sheets to 
Beir the door.) 1 

8 
“‘:“‘“’ 

tl;r fIoa’r;is?rrcf~il-~~r~~~ot~troIIlng p&ts ih the ‘ireenhouse 
Pests laycggs i’n.~ooks,nncl cr;innies.everytyhere, and a rough 

If’you are unable to,buiJd.an attacheri greenhouse aroupd 

‘,,?r..,fIbor’ljrcsCnls n>aAy irjviting locatio’ns. ” “1 .i 
a “direct access” door, or if you are’ buitding a freestanding 

*” t Insulnlion unrl~~r t hr floor ,;s nol. rccr?;i~m~ndcrl fo.r a lqjr-’ 
greenhouse, a vestibule should be built. Vestibctlrs help con- 

c’;Isl grt+nhott5(>, Th(a ‘c~sj.jcr~sc~ is high: I;<>l,lfive fp thy ‘aniouni I 
serve brat, prevent shock to the plants when the cloor is . 
opened, and provide sonit! storagca spaic. A vrsti,bulr should 

I’ QL hCl;\l SII’Ved. InsktlJlinti iWt>tll~~l IllC p~~rinic~tc.,r (ilS,‘sLtjgf?stcd 

tn Ih~~~l-oltti(l,t(i(li~ &lion) i> f;1r more tisefal. 
bt> big epough to Irt you enter the ow door and close it 

’ ,. before op~riing the inncr’d’oor However, if you.clon’t plan LO 
‘. .d . 

. I. use the greenhouse during the c&l whit& mony;ls, or if you 0 
b, . ’ .l?OOK’AND VEhjULEaS ’ ’ r 

COP nttnqho$ grccnhousr~s, qn,r*dooi- should Ieaj di‘rectly 
.,irr building in a mild-wrath.er area, a ve.stibu~:~‘probably 
not worth the esperise. -. “.._ _ 

into tilt: altachecl !~ttilcling if al crl‘l possible’,Direct’ hccess I 
S;IVCS heat, eliminates-the nrcd for’ <a. vestibule, >nd mini- 

A kvihtertinie alternative to a vestibule is an old blatike{,,, 
nailed upinside thti-butcr daor When you operi the door on ~~~~______ * I 

0 6tizes’shock to the plant cluking cold.wihfir n>ontLi. Quick rijld, days; ypu ca‘n SCOQ~ behind .the.blanket wit”hqyt jetting” ’ 
~dncl easy access ,also protn.otcs bettgr ti-ianage-nip. and out too much heat.pr Iktting in tpo much cold. ~ u 

/ \ (I .* 
. . 

. ‘( “I: -2 
.b 
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~Ihc! lal>,or~ and inslnlltiiion msls I or Ihi:s(: unil; arca ni[l’ch 1155 (ire, csvrbnI\. lh,lil 
II r-iif,. I’~LI~. if, you an nof 

v(.lry c,lo,lr, 
(.hiln for Iwo inrlivitlcinl Iavers c 

ti 11) Iht> grclc~iiho~i\c~. :. ins’I>lling Ihe glazing yotmolf 2nd nbcl paying high Iahors cmt5, 
you’rr~ay want to cor<sider those uniis. Check d’lh the K;rlwall 
Co, f&details (se? Kesocrrce LLisl). 

COST:, As .a-mobwate-cost glazing,, I’KP oute; glazing with 
ing-wilh n combined materials cost 

hutirig light in d grc~c~nhml~~l n1 
Ir;rn~~~~irc~rl~~l~il~Ii~ iii,l-tc~rr.!l5 Soriir 1 ,grmvPr+ ic*c41 ‘f II,11 1 tit> (Iii- 
f~!9c,xt light proniottlYmr)rc~ irnllorili gro\\‘l 
On ‘the othrhr h,~nil, s~nc-cb f.lif’ I\ Ir,in5luc-c~li( r,lthcar Ih‘in lrtiliid 
pnrc;it, mdnv pmplt~ rhoo\t~ othclr in,itc*ri,il5 Ii 
tiomt~‘c-errs ;I \vlricln\r.\vlttl ,I I’dvclritc~ \flit’\v \,, . ’ 

INSTALIATION: Obt~iirx ln<tallation Instrui-tlcll 
FRf’ cl,c~;llcr \vlii~n \;ou orcfclr ‘the‘ niat~~ridl, .~nrf ioIl& thclni If / 

polyefhyi‘t,ne i;%r film 
~ .: “ f,of about R(j4‘ II . , ler square Cool - is a:conitpon choice Incluctc~ 

i_. lt+ fb(lowing itcrns in your told1 glaring cost P~tirnatt+i GA% 
~~‘7@fi?~l-t>nils or screws. ruhbc~r or wcmt corriigatc:tl 5tFipz (nc~~~~cltd 

m?lr~;riliT~ 

I 1.“ 
i ur-itis7rl+rrrl-rr; 

- 

h;ircl&;lro, ii~~~l~~w&~rl I.~ltc~iis (whic~h c,ln ho ;llrpr.i~ipgly, (9” .Str,rtl I HI’ iii-,I t/r,. locnfion, r)uI oi fhr> ~r/n/ij:ht- tjiGh l~iii- 
! 

lpc!fisivc* i#.l you Ixiy lh(~iii c’ril ,(c) witlth). I h(b c”oSl of IhCW~ inc‘i- : 
1 

'(t~~~t;~t~~~~~~;1~~.i~l~~l~~!;~S~! I’tl~!‘t~~t~l~l glnring’ciel cttlilc &I bil, 
txy,il~~r~~r or Iiiois(kIrt:.( *III IIUIIII 1111 in31((1 ,I \!,I( k or roll 4 ‘sl , .,.,. .’ IhIc ,nI,l~I~ri,rI ,in~l c ~li~‘r~~~Ioi~~lin~ 1, 

LIFESPAN: Dil’fqtml gr;lttc$ of I”l<P h,lvc* ttiftcww1 ti!(.!stuii<’ Ii \;OII ,I~(Q II\III< III,* I td1,ir.c olll~~(l in,rlr~rr,ll, ho \II~:(’ yoli 
Somr ~di~I~~7 grades ;lru gu;lrdnlmd (rn;l~~~ri~~!~..only) for (iv,,* irr5f,jll fh~ I /?lJOich f/1(1 CO,I~~~~~ 011 1110 orrl5itl1~ Ii th(e jhc*l:o 01 
ycnrs; some top jirados iIs jon,q ns 20 yi;arh- 7. hc moist grc~c~ii- 
tiou<e ci&ironmunI pncl the i’nl(‘nso’~Linligtil 011 s.tuI(htmi 11x- 

roll\ ,~rcBii’d m~rrk~~cl, ,12k snrir \1111t’li\*t wt111 Ii ;itl<b ib ( r~,it~~(l 
(;c~nc~r,~lly, the III,ICI~, 01 fhtt roll I$ 1li(* (‘\((7ior, 1 c,,~ll~tl,‘rllri,l(‘.ll 

posurcs tonrl In rtr!trrt!irst~,lili~St;~~i,,’ ’ t t<t’ c ,111 111‘ i III \vllll .1 I ,Irt,itl(~-l’lt)t)i,tl I 111 kll,lr 5,ikv tII,i~Ji~, 

in the ‘t!li~~~lo-tt~l~rioi;1~ te Lho gluing, /\s Ihc iioii-l’I!d,l;l~-ro,i ted 
on~)~rn,lll~l~ ', , 

ielc:IL!r.clr irx lh13 i/J! I RI’ 111 ~~IIllc~r IJL’5” ~)r ‘040” ‘ihic~lirlr~55 
F~<J?4~~q~ralIy the mc,diuni grades-ag!cs, tho dcrylic rein *, i’i .I0 iris-hui \ 

___/ ----%&wee,, the g 
reactidn is%.nc 

11s~ fib& decays, leaving fibers esposcld This ,I Wtwn i;lctc~ning thcx I”Kl’, I-,c~n/~rt~/ic,~~.n\hr~r\ .s/mflrl hrl r/sc*t/ 
)wn as “b1ooinin.g.” \vith ritht,r n;111\ or scrk3vs i\Ttlmirl~ll!1.n,lII~ \vilh wnshcm ;Ir(’ ’ 

,1\~,1ilahl~~ in vLiriotls It~ngt,twCrum FKP clr,llcri If b,itkns i7rP , 
not LlWi. qk, tt1t1 Il~ilS (7” ;~pdrt WrG7 ildt,,,J:-Krj, battens 
art’ rr~olniiit’ndrd for ,i-ncb;itcsr, “ltingt+ln5ling Instdllal~nn *I 
tHo\vc9,<:r, m;~ny grm~iihouws h,tvtl IKV~IT i,LIll t ~yl~timrl ttwm 1 
Ttw n,11Ij or ~~~rc~\vwhollfrfx~trt hr IIC rIostIr ch;!n !% :‘s,,, IO (Jw otlk~ 

Loi lhc: I RI’, oIhc~r\\~I2(~, 1110 gld/iiil: m,iy t,rclAle +I 1htt, r~lj$<,,~vh[~n . 
(.(~ltl \v~~.~lhc~r ( oiiT,lc t\ Ili(s pl.islic \’ “T\:, 

1/4(‘h;/ic-orlcJ c-,lllIk JIICI ~\‘Jl<ll11 Ill ,lIi^l’,,nl\ OI Ih\, I RI’, h(.)lll 

perccnl i)C incidcanl sunlititil whctn II i\ i1~1\\’ Tr,wsini,irlnn \\,tN’fL’ ttlca ~l<l/lll~ t,,Ll~~h~‘~‘~h~x WOO(l ~r;I~lllll~ ~lll(1 <VhC’rc’ IWCJ 0 ; 
. tlc:crtinsc:s ;Is.lhc~ @illc:ri;ll, ilfif”<, ,~llhoLlgh Ih(lrck is Iiltl~~ agrcltl- tj~i,c ~,s~--t)t---~t~i~--trrrlr h- P~I(’ h othtbr SIIIC tincl 15 ;~c-c;lllrnc,ilcI,i:(l 
= tnrnl ii5 lo how lasl’ IiKhl Ir,liisniiWion will. rlc~-ny rr,ins- 

niissic~n tlccrr~;i~c~.!ii~r(!-slo~~~l~~.~~i~~~ lh(l highrr qL;<llity niatcdnl 
hc~c-,iu5t~ iI 15 c.omp,iLihlc~ ivith ttw ,irrylic- rc+irfdi3d I:, cfil,l!lic- 

and if the outer surfaceis k%t;l dmt- nncl dirt-irer * 
‘~vloLlgh to \vlll~st<lntl ttw I 1x1 “s’- high tr\p~iiclon -,ihoLil I/,,” pr 

-FKI’ clif‘fuses part olthr 5unlighl t-,~~siofi~tilcou.~tL’it. clsstri- 
trn ic>cat ui It>ngth \viitY d lOOoF ,I~~ri>twr~it 
thp pitxc of FRP ilts the .ir,lr;;ing IVVII bcsf 
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this batten has logs (WC; Figure! 7.17 j. (Jsc” minimum 2 % 6’6 rricrdd with altimiritrrn ,‘I h(v g,ll\;ci~iic:~ ,I(-tlrln hc*t\vctc*n the- i 
rafters for 76” glass .Icqgths. Consult L7 structurnl enginoc~ring r~li~ni’nuni and tk pIJtin, ~1 \vill cdtiw corrosion and c~clnlu,il I 
tj3blc for/.ln,rger spans. “Wlion the framing is built, take c;Ir(’ , dcst d fciion 0i tlw c-onn6ct~on Stdir3l~ki~ 5trtbl wro\v~;, on’tho 
that the, raftizrs; top and bottom rafter plates, and any other / 

’ surf; ICC$ on which the glass will bear are 211 in the manic plane : 
Othrar hdnd, \vi.ll not rc~dcf~,\vith that a’ltrr-niriiinl A-lihough iili~+i~a 
.,scrc\vs aie esljcrlsi\.e, not many are required It h a.5 bettn >ug- /. 

If th’ejraming surfac& are w.grpedLmthe glass or t,he factOry g,estecl that a small amount oi silicone cairlking brtwritn ” -Cl 
‘seal n ay’break when tighteninl:rlown,the battens. Again. primp ‘pI’~ted scre\\‘s ,~ncl the alumintrni bafie& ~vo~rld he sufficient 
and dint all WOQCI surfaces before glazing. 

d 

; -/ 
, . 

Use three hi!oprenc kctting bldcks under rac:h glnsq u~;it at =’ 
to keep the t\vo ircm toirchii!g-(alidlhence fro.m galvanically 

{ ,/I.. 
acting.pn one dnothiar),.but thi> i5 riskycat IhCst I’rcdrill the 

th~~/30tt’On~. I ho hlorl~5; ~IVilil~II~lO from gl;lsS Clf*;1IPl~C or im b.~ttrns tO~~tI~6 \harlk iizc Of the jcr;b\v; thm, \vith thr button 
;t5IIc~rs, ni~isl s\lppOrt thla idgcy (if I,oth s‘h~x~ts Of glais in t.htb in pl;1~.0, drill thr holtl< into thr jraniing LO thca ‘icrc’w sh,l/ft 

, 3 

unit. CJSI~ I>LIIyI glil7ic’r’s l;ll)O I>l~lidJr*c~tl lllfl glclSL5 G-lltl tlll~ irillll- 

! ing for ‘hc!tlcling, 
,~IL~I [Smh I’igtrrc~~7 ‘1.1 for c~~pl~iii~ition oi “<hdft” gyl “<lj~n$.?l 

” illl(l \wlwt%!ri IIW g1;ls.S AntI Ih~~~~lC~llFn i0f 1. -.. 

sr!;lling, I’r+shinini(?I il;,ji(a, hj ,. I,.‘ : 
3 i l t I.\ ) 

t,~t~’ 19 I(‘[ omrnc~l~tl(~tl’ior II\{’ If nilrrclVi.litt> ,ir(: u31y! (Ii i;iil(~iitlrs, s.v~il uriilpr thtl otitrbr ( 

ilpcl(!r the glass. This 121x: contains il small c0rcl d rlcmt>rc’Jlc~ (YI~:I~ ni th ~I,Is~ wltll \ili(.cliitt, Lillil LlW’ >et Illl)..l~lo~hs Olj th 
which I)rrvc!nls the weight Of th(!. gl;~ss from c-oriiprt%ing ,trrf,lc,t’ of Ihi’ c 1111 it5,bJi IO c.uilliori 11111 ~1~1‘; 

7 ~-- .- -. _ ___- .I 

llw Inp-too I~ILICII. (Noic! ~.ht ;j 40” s 7b” rlouhl~: t)dlic,(_lmr Unclqr thtb hottnnl c~lgcl (11 vlsrtlc.~ll gl,~r~ng:, I,I ii Itiit)ort,lnt 
. litc: w(:ighs 0vcr :150 Ibs.) ‘I‘hcl t;lj~r cOiii~5 on (1 roll and Ls to u5t’ \c‘tting hluc~h\ ,~ncl to (.,illlj-..t!io i,njirlCt I htr9, ( ~.11idt~iiG,1- 

av;lil;iblc ir’t.)tl2 fil~i’i,s clc5tl(m (>r‘ inst;~llt~rs.--.It i5 ctu’itt’ stick):. tlori \\11Il ht> cl~innt~l~cl C~~~,~\’ ircirn t-fib ‘~00~~ in.?-lw- wotiii. ~; 
” and will stliico’/.c out lx:twtx~ii the glass ,incl th~l ~Ootl, ,intl 
’ also be~wtirn the glass and !ht: bntlc>ns yht!ii the 5crr\\3 arc, 

A~,III~, the vt‘rtic dj b,iltt~ri\ (cm thtl sliitfs) L\dill Ix, siifficit~nl 
tc? hold tht> bottom ‘;dg~ in pld(-tb ‘Tht~ alLJlllil- 1Ilijl fiiding 

Ligl1 tend. For a good yisiial chyck on screw tightnc.$s, tighten shOulcj cOnit’ up just slightly bclhincl thch glxs so il is ,sc~.rtirr~ly 
I “‘the sc.rys until the butyl jcrs\ b&ins to squeeze out. The in place _-. 

tiattfzn n7crlzt-not. contact ihe rafIt.rr. 
Yrhe ~~l~~~~iiIl~I~~;~‘bdtten; Solcl’~bv Kalwall fcheck Rr.sOurce 

Horlzontnl ioin’ts brt\vern t\vO glazing ilnics (Figirrc: 7 
\vill Occur onI\! on long: rtim.oi 212s‘; 

:I /) 
The silicone sealant 

, List) nrcl tmyi~m~tded hPcaiisc;thc.stiift?nrrs’(the t\vg tabs ,011 picthocl is ;i_de~~l;~te,~al~‘hOc~gh noL1quIte.a safe as th6 f~lasheclm---m-: 
I tho b0ttoii~~of~ lhcl batlcn iii thc\illust‘i;itio~r~~) prrvrnt thr -bat- unit (7 17) Piit ‘1 jpnll ‘:,” 5txicrr (such ;~s d nail) betw&n + 

’ ton fr0.m hocP0ming \YilV\/ dnri qn5trrr lhat it is brnr.ing clown thr tInit< iit!;lr c~.ich>dgr and usr enough Ciliconc cai11.k 50 
:tigtitIy hotwoc~ii tli(, scrc~;. Sinipltl 1” X I/,,? altriiiiyrii Imr. ; that the <i.lIcy,ni* stic*ki Out ,lbovtB tht> glazing As 50011 a5 IllC> ‘. 

4, stuck ni,\y ht! i~sotl iri81~liitm(~ 0i tliis t~strusion 1~~11, iii \h,\t, t-,15(‘. silic-oncl is dry, trim it with ,I 5hGirl) rnl0r bl,irlP s(r it ij flush with -, 1 
- ’ L I. scr(+\ls iir(: rcqtlirml t:stq six inrl>t9 itislt~ncl,~>i c\<lry I> iijc.licG t htl k\\t\Brior sur/;li:tl I’ 

~. ‘I”.? 2” \vcd b,ttLc~iis nlso hdvo bten iiscd, but \vart>ing.;incl I hr il,~ihi,ng iiic,thod-hc~qliircls sonii~ t’;itic‘ric-c~.witIrh~,iiclin~ 
Io;lk,l~~~ 7,aii 1x2 -a prohlcn~ 111 you ,clq usr ‘wcmt-l, us0 ;i rot thr ‘iltiniinuni ildshlng,,(/\ 5h&~tfmr~i;Il. st)ot, coul.ci form thcicl’ 

f 
rtlsislnnl woc$ arid/or priiiit? ;IncCpnint~qrlllitr c:qrrJtIlty. DG not 
iisc 9 battc:n on the bottom of th6 glass ~11s this~\~LTRZtdP- 

p‘lrts for you ) -rh flashing shmild fii 5 

rain and snow-the sicle battens kill hold the glass in place . 
seciircly. 

Use of 
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tern in your area,’ and ~OLI are trying*& keep material costs ,I 
. s to a minimum,‘consider a different glazing option. ., 

: A? 
. . S;‘&LE LAYER OL%l.ASS~ 

In Ve& -warm; climates,’ ” where freezing weather-ii infre- 
quent, one layer of glass is sufficientf.or a solar greenhouse. 
Or,.in cooler climates, Ia sing1.e layer of gf’jss in combi1nation 
\(vith an inexpensiye polyethylene glazing may be used:. I 

COST: Single-layer, tempbrcd ‘I,,, ‘I patio door lites shor!t\h”be’ 
nvailnblc~fyom~a glass cli$trlbutoc for as little as 81.‘PJ1pcr 

,.square foot. Doyblc-strcriglth tiinclo”w glass (singlcJayer) can 
cos$quite a bit less, partir$l;irly in c.asc lots. tnstallatioi? hard- 
ware costs are thesame as or cloi~tllc glass unit,<. I- 

LIfESP.AN’: Glass lasts inclefinilely, unless it is broken. 
. ever, ‘untempered,g!ass ‘should be-used only on a vertical. or 

near-vertic~~-l,C~mFne;eial~~-~rs with large glass green-’ 
houses who u\se tcmpercd glass report up .to. ten percen’t break- 

P age per ycar.“‘,Untempered glass’ is not re~commcnd 
~~ shallowsloping attached greenhoirses. 

: 

LldHT TRANSMISSON: Light transmission through ,the 
. . glass itself is., 87 percent. The more framing’ you usk,“the 

less is the overal! transmission. ’ 

- 7. ‘- IN TALLATION: All of the ?ietajls presented for d 
’ factory-sealed glass units apply to single layer installa 
,. simply decrease the depth of the ratibct..For ‘I,,” tempere 
’ use a rabbct depth of ‘I,“. The depth should;e such 

_ batten will compress the glazier?; tape above and below the 
gl;lss. “/. ./‘. , 

In Solar Gre’enhousc Guide for the-Northw&t il?Gexcef;~~nt sion h,\ore c,omplete . 
single-glass installation is ,detailecl (Figure- 7:~.?).J11stc~rl of . 

I .rabbeting grooves in the stud, Ecotope recommends u:ing ;I 
(, .‘ 

,s.quare neoprene spacer in the center’ of the studs, .glazier’s u’OLJBLE-C.LAZEl),-PLASTIC-CO~~iE’RtD, REMOVABLIf I’/#NEI.S . ,: 

tape under the glass-on cacti lide of the neoprene, and;‘n \vood _ r Doii’ile-glared, plastic-covered, removal panels can t$ used * 
batten on top to compress the neoprene hncl the tape At the to convert ;I south-facingyporch i’nto 5 grce’nhouse or sunjpa&, / ., 
bottom plate, 1~” * wooden dowels support, eacty.pi,ece of or as removableglaring on greenhouses in Garmer clim$tes 11 ) 
gla,ss, hd silicone’is used in place of the tape. Drawrngs from $4any older,, houses .had \vincf&~frame~s that fit be ‘ween i 

’ m ,Ecotope’s book-which is highly recomm~nded,.barticularly the i)orch roof arid’ flooil ‘Deaending-&n its locatio ,, the _: rs 
, - . -n 

+ .,,, :, 
I 

“’ :; ’ 
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s in the greenholuJe wi!l not ::spread to your house- owner to understand the .interrelationship between ventila?ion 
slants. I c . functions and plant needs. 

-1rstripping ana effective screens are not ’ --- -q ~~~ First, there is an optimum temperature range w?thin.&hich 
.primaryj ingredients to good ventilation and cooling S~S- all plants grow well. When the interior greenhouse temper- 

terns. Rat#r, it js the greenhouse‘ operatbr’s resp.gnsibility ature exkee& the upper limits of thi2:optimum growth tem- 

$ 
\ ’ Bllt airtigiht weathe 
I 
I -the 

.I,, / to ensure, that thes’e systems furiction properly. Manual 
systems 14ust IX monitorc’cl freiluently. These tasks require a 

p&ature range, plant’prqductivity starts to decline sigvifi- 
cantly. flants become stressed, wilted or damaged, and may. 

consciclitiou~~tiiiic co,niniiInicnt. One clay of nctglc&. coirld possib)y die; or else they.becpmq m,ore susceptible to,insect 
desirpy a crop Ditring 1110 summer, vents musl be opeii in ’ and disease infe?tntion. 1.bus, the ventilation system musl 

0 the niornirig l2cforo Ihc sun go15 vc?ry high in the’sky and function as the! Lcmpc!ratuic. guaidinn- rc:ducing excessive 
closcld at night after Lhr warme$t part of Ihe clay. Oft& those 

>h 
.operations coincicle quite well tiith Il?c typical wor!ipg day- 

hcnt buildup \vhc:n necessary. 

open the vents before you go tq work 2nd close. them after 
Secondly, plants n&d O);ygcn~nll,tl rarbon cliosiclc for rrslliril- 

i 
tion.and photosynthesis, respec.tivcly. Consitlc:rablr amounls 

re-turning home. Rut in the winter, days arc shortor, and-~ it.. 
IYHI~ be.dnrk and cold whcn’~,ou leave for/work, and the same 

of.CO: arc needed cluririg the d;ly, particularly on sunny. +\ts, 
1. 

I I . - . . -. \ .* A -f 

wl~cn’you return Inter in Ihe’day. I-ie~c~,~~lhe veniing rcquirc- 
ior ~)ln!l~t gr.ou$ in occtlr, and ‘liTis the host source f.o.r this 

niFlit% will diffea-fronl Y~~~~~~~“~~~~~~~“_CCtled~~Ie, I’f s-.-i--.-- :r -C . carbon diosidc. Tf-tb&.i-jI in a. greenhoyse ,is not’ changed 

’ hosr .. .i to the pdint 
Xirs:-ventilation must. ne all day, th?se operations present no re$ .problem~ but . 

yegularly, the plants deplete ijseaW.~~CO,i level: 

I 

\vhere their growth begins to suffer. i 
if you are tryitig to+operatd a solar gre,enhpu<e during the Gin- 
ter.and all house occupants are abjent cluring the davlight 

provide fresh air to the plants regularly. Air’sta~~~‘~~on-aff_ects 

ITS, prbblems. may,ari&: Automatic controls will heE%ut’ 
plant erowth as \vell because lavers of CO,-deficient air &7---... 

,- hOL 
: ’ they are,,more ex$ensive. Also, if yoki,are using the greethouse 

21s a sl?acc hbater, ven*ts;between .the heuse and the green- 
, 

,<,i’ 
Iiouse must bc~,opcrated efficiently dnrf at tJie appropriate 

.,‘. limes. ; 
I. Infocm;ltion~~;r~!sen.(ecl in lhis cliaptc‘r will hcln vo~i 

an effeclive ventilnlion sysichi. The 
7: ventilation ancl’ plant productivity .i;s explai’iied apd alternative 

i ways to redude..,?enti!ig anal coo!i-ng needs dare described. 

relntidnship betlveen best in ar; Cnvironmenf in which the’ 

D The difference! between n?tural and forc.ed ventilation is dis- spre;lll. -A solar greenn0L;se.s enclosea envtronnJenr. cziong 
cussed and cdnst,ruction details for various vents are’specified. with cdnstant plant iranspiration and water evaporation 
Also, opening and closing mechanisms are Gxplained along from the soil, ‘often can result in significantly higher rela- 

s. with many other helpful tips. 
“1 ~., tive girhun7iditie.s inside the,green’house than in thq’outside ” 

. @ ?’ > air. Thus ventilation systeins) by exchanging inside air with; ’ 
-. 

$3 VEN’TIL&K[ON A 
outside air, functiqn to reduce the interior hu&idity and ,to, 

,a As ment’ioned above,. p;oper 
essential to obtain satisfactory 

n greenhouse. It is important’for e 

maintain an adequate growing environment: On~thy other 
and”co.oling are 
ctivity in a s6lsr’ 

hand, in dry climates (where humidity is b.eldw 4-O percevr) 
gr’eenhouse plants may dry out an,d wilt. lr~ such a case, _hurnr=’ 

ouse builder aid dification techr;iques shotird be used ib cbnjinction with 
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on trellises separated from the glazing by a foot orFore. prqduct ton&ins any chemicals or chemical co&pounds.tha{ 
These, like the deciduous trees, will provide partial shading woC!ld damage the greenhouse glazing or caulking. White: 
clLiring,the warme.r’months, and will lose their leaves (or you foresample, i< a Iime-bas~so7l;lion,~~~-c;lncailse 

--. -.- 

can completely remove the vines and trellises if the plants ’ of plastic film and fiber:reinforc.ed plastic 
~, are aqriuals) i-n the fall. s. ‘Thus, it should not be used on these glazings. 1 m 

_ Twij other techniques often are used -to provide some asl;nlso can react \vith m+ny surfAce paints and’barious 
sl~acling Coi,grccnhoiiscs. One is lo use se.,iii-lranspnrc‘nl blinds putties used to hold glass in place. r\dditionally, wheti these 
inndc of wovrn palycstor, sl;~llctl woocl, hambod shad(ts or solutions,~wa<h off, of ;Iw washed off,, they may cvcntually 
some o(hcr~f~7,nl!~ri;il. Th(! blinds Cilll I.)(? rot!& down over IhC ~!nd up ~&omc cnnccntrntoddlorm in the soil adjacent to the 
glazing durin~.hol, sunny days, 2nd slit1 lol in enough light: gri‘rnhouit~ l’rot~~(-l your lawn nnd gZ;rdcii. Don’t iisc’ hjlrnr- 
for plan1 growth, .Jh(> sl;lllt!~l wood(!n ;ind bamboo hlind~ dou\ pratlJ~ts. 
will last for ninr;y yeCirs if mai,n~nincrl wc:II, whil+-plastic \ 

blintls or. shades tc-ncl to,clcloriornl(! nfl.c!r ;I few yoaiis clu\~ lo 
,‘-. . 

ultf%viole( radiation cxj)osurr:. 
’ Thcso h!@Is ancl shad05 are most, elfcdtivc if they ‘arc 

nig~ii-Ml& I)lo outsido of 1% gtn/ing bccatlse they stop the. 
I ‘6n’s rays before they qnlcr Ihc grecnholr’sc. Most roll-do\vn 

shadjng systems require simple pull-cord mecha’nisms to 
, operate.’ H.owever, theq-do-need- to be firmly attached albng . .v 

~ the top-and weighted at the bottqm edge to -prevent exces- 
: 

sive flapping .during win&periocls. Battens and hold-dywn .’ 
It may seem odd, but one way t’o reduce. the need for .;. 

clamps albngj the sides and boftom also work well, although 
venting and coolirig your greenhouse is to add m&e ther- 

these can bc’fairly costly (check the Resource List for sup- 
ma/ storage. It helps, and here’s how: The more-thermal , 

pliers): 
i 

mass inside the greenhouse, ,the more excess he%{ it can 

If you 0n)y have. a few pl% 
I - 

IS in the greenhoclse which ” 
the dqy. Thjs exces’s heat is re- 

temperatures mare cooler- tl;lat is, 
rcquirr shading, it mdy be more practica.1 ~o’~uspe~~cl sbme 
semiltransI)nrclnt material, slatted ,blinclr or cheesecloth im- 

D . 

mccliatety.aboye the plantsto protect them individilnlly from ’ . 
,ar to-that which occurs during-the 

. the clirect~sunlight. 
winter, Ghen heat stdred during the day.is used to,gyt, 

Another shading tec’hqique is to “paint” thb exterior glazing 
thqgrcenhouse throu$h*the cold nights. In summer, we 

with wh’itewash or one of tile other commc!rcially available 
don’t need to worry so\, much about the nighttime tern- .:, 

shading compounds. These proclucts are.eas\ly applied to the . 
‘peratures; rather,- heat s‘torage is used to help remove ,ei- 
cess daytime heat. 

glazing material with brushes, cloths, rqjers, or brooms. 
i 

Usually,, they wash off grad.ually after a number of rains, so -. 
Using therma’l mass will not eliminate totally the need 

,te sumnier the glazing is clear again. Soap and water 
fo.r other venting or cool\ng systems. It tiill however, re- 

used before winter.sets in t-o remove.any remai‘ning 
duc.e the amount of-ventibg or coojinb.required. 

traces of, these compounds. l3ut be careful. Befdre, using shy ’ i 
.-.. . - 

of these paint-type shading compounds, check to.see if the. 
, . 

, I 
: \ 

’ \-.,, ;i. 
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it’in’hight‘r up \vhori~ 

. .’ 

build-ups are na.t as great as cluring the summer. Also, winter taped to the fan can be used as a-duct to distribute the air. 
d$ys are’not .as ,lorig, so I&s phot‘osynthetid activity takes .Cenerally, circulating fans are needed only in freestanding ‘ 

” .pla.ce,Lancl there is a rgdu&d -need for-carbon didside. On,.“ 
‘/“., 

gr’eenhouses,or,in attached greeqho’uses when air exchange is _ 
winter days when vent.ing is, required, escllariging-green- limited bet\ve& the house and the gre.enkouse. 

i ‘- / . 1 : 
‘Z __ ” -. 0 

‘, 8% - * “m - I 
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J -. ’ - 





_____- 

<E 8.4 HorizOnt;al-y\ll section of side-hinged door type v&t (fsdn attas-h$greenhousc through solId kll of houhel _ 
’ /. i,“. 

..- .._-.. . 
s Details of a 

in--+ 

_._. 
typic$;cnt 

, pf the \vnll’s iveight. easier: Construct the-vent doorro iit snugly w’hgr 
cut through 3 stud wall \vith wood hinge it at the side A sliding bolt latch into the house in- 

SfiZFd -i?T FTgLi r e 8 -47 ’ terior triiV’\vill hoi-d-the door shut. F3e,.;s_u,r~..th_,l!_.~,~~~l~~.~r- 
thrbugh t~c~wall,..b.et.w-eeti--t-he-qtuds;--a~fr;mn~e- 

_l_--l- -- 
..--- My. 7-GL~& IS secU?ewTto take the pressure of the latch. 

ng-us~ihig~%? studs as tht; sides. If the studs are ’ It is best to ihsulate the vent’cloor. You may decide some- 
X 4 blocking at fhe to’p and bottom to frame in the. 

id ttTe vent openlng~for g&& 
-->jme in the future not to operate the greenh,ouse for food pro- 

duction in t,he \vinter, but rather to use it only as a daytime 

I’ 
le.--open1 
s, use 2 .A I~ 2y4 

- ..- hole. Trim c-&in be place,cl Z&i 
. c -._- 

, 
I . . _.. .~,. _I-.-. -. . , ._ ~_ -._- .--. - _._. --‘-----i---- 

.- .t _...__ ~..--..- ----- -. 
I I I 



either thermostatically--or ntanually cotitrt 

It is a good iclea to install screening across ail vent openings house apart. ; 
_ between the greenhouse and ma/‘11 house. The scr$ening will Thcstiff galvanized steel flashing on the bottom’ and 

keep greenhouse pests but of the house and household pets sides of flush vents will keep out much of the.rain; but 
out of the greenhouse. If yoil feel that greenhocrie. tempera- j water fro& a blowing raih will probably creep in. There- 

1 ture buildup becomes too high, or if. it is not practicil to build 

: vents large enough for natural cir&lation, very small blowers 
forq, flush vents should not be used in veiy rainy areas br 
on sh,alIow sropes (less than 30° from horiz@ltal). 

\ 
‘.I< 

placed .in .thg upper v&t leading-~p_t~ghobrs.~or~~t~Ll.l~~~in~- -------~- -- ---. ._. I 
___.____ .--_I__ _ -- - .._..~ - \ i \. . , 























bsorplipn by clirecrl,raclialjon, a fj,rm of “passive” 

fans and blowers) :to a storage medicim Iotated entirely out 
hen needed, ‘thelstorkd heat is pumped , .LF’ 

:k to the greenhouse. l3ut such an “active”‘syste.m is rhore A’ 
101~ complex than passive sys’tems,.and therefore,.. 

I. .1. I 

torage and l$ds as yell as between the.storage tb handle ancl 
movement. Fenches tha$ cover 

th6 cheapest ifi-most situations, we will discuss 
iif irst. ., . ,. 
Water Stdrage“ . 

Y cause’ slgnlllcant heat .t[ansier from the storage to sur- used containers ,eor water storage. usually easy to 
T roundipg air. , find, relatively cheap (used dryms cdst.~~~to $l@each), easy i 

: 
There a’ie varioul types of heat storage:+& most common 

ar6 rock-, water, masoiiry cind soil. Generally, the various types , 
.to handle ancl.:fiIM, atid strong .‘enough to, support beds or 1 

! . . _ !, 
benches To sorile p:eople, an oil drum in a solar greenhouse 

i-2 
L 

are coybrned:; for example, water b.arrels, a brick footpath, is an interesting syri;bol. of the transition from oil to solar 
;. ,. ,,and.deep soil beds. Since water.storage is perhaps thP easiest eneygy. Oil dealers, car‘dealers and, in large cities, cl;um- : j _ I , * :. ,J ” .” 
r a 
1 
I_ 

.; < -w . ’ 
i :- 





/en smaller water containers, such as gallon jugs, two- 

freezes. vlastic ju”gs mn take freezing without clamage. These 
smaller containers do require shelves or some other place- 
ment structure, Stack them so that air can move around them 
if possible. More effort goes into installing these small con- 
tainers, b(lt their easy availability may make them worth the 
‘trouble. Small containers make heat-storage areas out of 
otherwise!unusable nooks and corners in the greenhouse. 

\ \, 4 

corners and t~ntler growfflg beds 
ning the water in the cold months. 

.In attached greenhouses, ;ome’heat from the main house Gailon /ugs phi-e? in tighr 
s 

./ can be relea-s@d into the .greenholrse at niiht to keep tem- 
iricrra.sr a grernhatise’b heat storage capaofy. 4.1 . - 

1 - 
: , “,, ,A/ . 

., I s. 

P freezing. A back-up he?ter in the greenhouse, 
;~l\~~ays bail. you out ahcl keep the storage iron1 in&r- 
amounl of’lime n,nd monr!y that backuplwating can 

iri bursl conlainrrs nntl irozc>r crc)pz- is 
c’oncrl:te or 5Jo1if \valIs all‘nrc goocl heat storrs,.’ AcloW’also 

13~11 if’yriur gr’i~onhouso iisc5 norc b,~ck- 
i.~~goocl, although It dotls not hold a~ II~LIC~ heat a5 the more 

‘,Il‘forc-I, then .it’ m%y not I I ,<a dc~nqc> mntcriali Costs \vill vary, so check local prices. 

c!spciikc~ to opclr,ile Ihll’grt!clllllousc‘ in <y’ 

,Mas 
Iv 

VOIL 

0n’r;y I, \ clad h uses to \vhich 
laconry stores abo&t one-l-hid ;IS much heat as!tlie sarnp 

q ,. 

lnic Of water and, generally, is fai’yly expensive to.install 
! cases, masonry storab~ 

Table 9.1 to determine whit- 

3p \\‘ortli tncb 
.* ,, 

InIcar. 
Although it is csperisivr, masonry is 3 good heat sloragg 

.’ i bccausc it ciorsn’t frccre. l,t is discussed here because thtire 
\ ,i I_ ,. arTt1 many adobe, stone, concrete-block,. concrete and brick- ..’ 

greknhouses-may be attachecl. In suPh 
:‘e mnv be an aljprapriate option. (Jse 

nortion of the surrpested heat 
Solid, dens2 concrete block,,(r;ot cinder blocks), deni,e bricks,; storage’can be supplied by the’volume of mason;; contained : 

‘\ 
. \ c. ‘,; 

, ,i . \,’ _ ,: I -1( r l 

. . . 
j q / 

1, 
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c to compens.ate fdr those inev‘itable nights wheg you for&t to 
cl’ose the curtain, Using the suggested heat storage quantities’ 

’ a djstinct advantage over those without thermostats. Besides 
sa;ing fu&l, a thermostat makes backup heat.ing somewhat 

‘,I in Tablep.1 1. ‘p us night insujation, then, tiill decrease backup 
I heat use and Increase an attached greenhqclse’s heat contri- 

a;ltomatic. T,he greenhouse,can be left unat,tended dlrring cold 
periods if a, thermOstat is set to tilrn on the heater when (he ., 

I httfion to the maiti house. interior temperature drops too low Ccncralk, the ci;ldusl I ’ 

1 t$mb’-stol 
’ i’ndica’tion o / 

! ---. Remember, Table 9.1 represented approkimate rules ,.of periocis of the day occur just before dawn; &hen- it is :thc ’ 
-age <hould be added or. removed as needed. Ah !s.a.ast,convenient tqget out of bed and turn’on 2 heater, Of 
f needin.g more stora&g is excessively high.tem- course, heater-5 without thermostat control4 ca”n&e left on a 

I peratures (approaching asoF) in the greenh,ouse during a cold, 
sunny day accompatii&d by low interior temperature> (ap- 

low s?tti,ng all night.if you think,th$ ehily &ornipg hour? are’ 
going to be cold. But such a systein in;olves.guesswork, wor- 

‘aching f.reezing) at night. But be sure tb: monitor both d,iy rying, and.probably occasional mistakes in usirrg too littie’or 
ie temperatures clos~ly:~ l!xc.Fssive daytime tem- too much backup heat:ln Any case, a thermost;‘ it is a definite 

-‘. pcraturtrs accompanieci by acicquatc night temperatures often necessity if y’b~r plan to bp -n’way irom the gre~nhousc tar 1 

1 -3 I pro 
, and nightti; 

! . indicales a problem with vcnlilnti?n r$lhtr than siorngcl. more than 3 day during carly spring. Int? fall or wintirr, *. * 
, . . If you ctioo$* 142 11~0 lh~~ mnih I,~iilriin~‘s.dt;l~ti~ifi syslmi 

’ .- toSsupply backuy~ hc>a t to an ;I tt,ic.ht,lci-,jirc~clnhotls(l, you rn~ist 

P.4w ’ 
fi,i,( I:SJi” I(,! $,t * remt>mber to open rloclrs, Lvincio\vs or vcaiitq, .hot\V(~(~n lh(t ,, 

/ 

hn, ,c‘-,-,nrl tl,c’ tl[‘,.‘,‘t,~Lr’;~* You muit d~3-irlt~ (>,I+ night if tlic7cl 
.l 

f tial 
th;lt th11 qrcaclnhousc> t,cbi!1p(‘r,\turrh &ill (.irop I’0 th(: 
,ll,.,L ,k,LL,r(l yoii wi\h to ni,iirlt,‘lin, ;Inti 01Nln vontc .’ 

. ~Inly ~~\p~~ric~nc’(~ ~vill tell you,*hoLv I;jr to ol)i:n * 
s, vents o.r doors’in ardor to k&r the greenhouse .i 

ba; 
141 n$rst iiidkc sure’ Itlc \ 

load 

\ ciependable bnckuj> heating system is BLISS about esscn- 

I for. a solar grc~nhduse., E,ven it yoci arc tirs~gn”ing.Jhf 
grecnhoiisc to hc 100 perco,nl sblar’h :aS.lcti - nn,~~sprnsivc~ ol)- i 
tion whicli is nof covcrcd *in this, ~tiiin.ual - n backLIp hoa!cr 
is good. insurance for those long,y’colci, cloud\/ periods. 1-11~ 

:kup heat must c,omplement,the gesign of the.greenhouse 
w~lI/“s the lifestvles,of’the owners. A manually controlled 

wood heater may be the cheapest solution in sonik cas’es. 
but it r&uires careful attention during” colci .weather. Addi- 

able tcmpcraturth. Also,. yo 
ting system is capable of hancili.?g the exti;l 
Ihouse. If the house hcat;‘r cannot keep the r0omb 
‘t-he gr&nhouse \/pry warm, chances arcit will, not . 

Ilt’ CjuIc Lt) Ileat th’e’greenhouqe 
airtight \chen- ’ 

,trTrc &,,lL, nr ” Thuy, the appropriate backup heat 

! ,L,11..1 L4IbI8 L! 

is ,i rhaiick- . 
minimum tta” 
,icrortiingl\~ 
t ty \vi nd 011 
at a rcasoii, 
house’s hea 
of’the greeri 
adjacent tb 
I.- mL.I- c,. I-. 

i-iona ’ ‘OLI must ensure that the greenhouse is .,, I 

! ever costly bacl(up’\pat is used, M‘any oper;iLv,, cLILIIIX LII 
r 

systrm for/your, grc!cn- ,, 

tape all the vent? i-l~s~ci~,cluring the colcles’t 17;irt’bf win”tcr 
house ic a function of availability, espense, a)lci personal, 

. Given the heat stor>igc quanitities suggcstrci in Tab,ltT 9.1, 
cor>mitmeiit 1\4akr surtl the> syz,t,t!m ~OLI c~ml~lny~s’ronsisto!~t~. 

_ ‘backup he’t” will I,,> ‘,,rwACIT 
LL 1,111 LJL I!L\\II.\ i frcquI:ntly during mirl-Gtrtrr 

ft*ifJl \t,Ji:11 V’otI can nitorti anti i13dilLl~,c’ \vPII’ ..,\,, .111... , 
‘, ---- 

*,-j 
.,_ 

and occasic ,ntilly clirring the ‘pring and fall. 13nckup hc?ters . ‘.Woocj?Hcal Backtjp i 1”, 
al50 nro used. by many growers in Ihc snrine: ciirfctl\l undtlr Iii sonit rur,lI art’as. wood ii Lo Id\v-c.osl-iucll that may h(h a 

=?* wire-sSreen she,lv.es t.0 stzeed secdljng g 
, L.. 

germination. ’ ,..- ---- , ---good b;lc,uI] hr,lt soL!rc[k A.smnlI,, ,lirtight stove: can heat up” 
Cif grt~ciibou~~ spacr. t3ut:a goo+qu,ilily 

night 
Almosl any tyfic..o’f.b.ack~Ip h&‘at will \vork ir~.the green; ,. lo-1 .UX~ st+l~c icrt 

hpuse-ygu should LI.~ whatever is most availab:l,,le. The oper- 
‘ational tasks will vary fbr each,type, though, SO make your 

‘stove thalt \vill kkpp a fire burni@ ilowly through!LlI the 
” can’be e,\‘pensiv~.~Additi’onally, chi.l?5 

decision accordinily. Backup heaters with thermosta.ts. have 
‘ney. installatipn i?osts, 

’ ;&ail.ab.ility of wjood 2nd -the i,ntb;‘nvenience of tendirig to a 7 :i 
,‘ -- I,% ” 
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1~: ~~~oplc. Loriclrr~ct 

i 
must be provided in trougli5, too 50~1 

-. 
troughs hy cscI~v;lting do\vn ;~hot~t 

,_,, 
1hy1.y f~~~~~, ,jdd~t,g tllrpc> 01 

,‘/I ,.,, ( 

hold 111 the soil mi\ttrrtb tc; ;1 ctlrt‘lin ~~~tt~~lt bi~t’alsio 
worms Sncl othrxr soil organisms rt~latn,~:l\; frec~ access to the I- 

.i Foil. Other people 5lmplv dig out 2 prcdrtcrr:irlr~~~l ares and 
fill the hole with a soil ml It 15 Important to ;td$ ytillr 01 
soil riiis,:twtin if \‘ou art” hullding thtb grtqhoclse on lop 

.:----i . . . . ..- -..----L_- ..-.- \i?l:l if IF pot trj I 
dtlt)th (I:igurcb 10 3) l’roughs hpi7I clirctc.11 

. - fot~ntfdtioos cdii utilir.cs the! founddtlon ;I 
. ’ Using J trough nrC1r thca sbuih gj~lr~ng and ;t ralsrtcl hctl on 1 

the north sicic of the grqdhous’c is a good growing arr!;l (‘on+ 

bination (Figure 10.-l],, iall plants in the front trough won’t 3 t 
shade crops in the rear- planting bed. also,, the excavation ’ 
already done for the foundation w;fll wili I save some digging. r 

drill Iho Iidcs in PRESERV.ATIVE!? Wherrvrr-wood coinos in,.contact .wi& 
1 . c riioisturt; and rot-producing. soil orgi~nisms, it must ho prtl- .-’ ’ 

- s~~;vcd, and wood u~cd III planting hd< mCst 1~~8 (;“specidlly 
sail++20 plilllt~. 

,_ - 

^ . IOlll.' I.(',IV(' '/I " Nort \voori t)ysc~rvativcs arca toxic- to 1lIdnts bclcdusc~ thyy * 
\Vlli~ll \\‘I’( dlld IVlld to CIO$( III) tl$, sp;l(‘(‘L;. ) 

A rrough ‘jk ;I hcbtl that is tltig c’ljrc~ctly into Ihy floor of thtb 
grc~;~ihcxlsct (I 

c‘lL!rling oiLb,i\c paints irclc! of asphdlt, mc’rtrtlry and I~~arl; 
-igurc; ‘lO.“y. Unless ’ h(l cbnrth I,t>lC;\v the b)rt~e!+ 

hc~ks(~ is c~~ctll~tic)ii,illy ~~~11 drain d, som(~ sr)rt of cly,~~~~,~jic . 
: 

Vdr;lthanc; and ropppr nal)hth,in,i tel. Cq)l)t;r ri.1phthan;ito* 

” act~~;illy kill;; som(~ bc~noficial soil fungi Sncl bnctc~ria’wh<~rs it 
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. 1979 92 p;ages ^ $5.00 .‘$ Papers ra.nging from general overviews of the construction and operation 

. .“‘.’ -.’ .‘~IJ@, guidebook‘sammari’zes Ecotopc’s considertible expedience with sol’ar 
of several working sd.ar greenhouses through technical presentations o 
heat sforage in salts and wet sand and active versus-passive economics n-7 

reliagt growing structures .in the Northwes,t. Feasibility, siting. deiigning, _.-.. - 
foundations. framing, glazing, insulating, sheathjiig: thermal mass and 

and efficiencies are printed in this volume.Tbese proceedings offer a 

“.‘y...‘-” -finishing ,are’oiltIi’riGd in the text with generous charts and diagrams hc- , 
good summary bf divcr$e approiches to solar heating both large and 

companyiny. fhc “How to Put On a Workshop” c\hapt& will bc cspccially 
small growing structures 

I useful jo mar$ Pacific Northwest ins’ulbtidn ahd hea \loss data con-, 1 
‘i. ., 

: cl~~dcs ~hc boqk. Rrrommenclrcl lot both thr novic;?‘ancl th$c &prticncTc,d 
N& Englan’d Conference on Encrgin Agriklturc 

-. 

; 
-grecnhousc bdilclcr. 

May 3 an?4. 1976.,Durham, New Hamprhire 
.Editedby: .‘, _ . . _ _ 

” R.C;. Light 

Sun’ Angles for Dyign Sponsored by. ‘1 ,-- - 

’ Prepaiecl’by: 
Robert Bennett .‘: /’ 

Published by: 
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Robert Benn’ctf A 
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.6 ,.“* Av+lllablt~ irony 

‘C:c>t Lakes Solar Grecnhou~eTlonfercncc ~~qcerdings h\ld-Atl>ntZ Solar Enrryy Alsogiarlon b ,’ ‘\ 

, Orlober 6 and 7, 1’17tl. Mirjl,lnd, Michigan .-2736 Grays Fcr.rvAvrn~it~ , . ..I- ‘. 
l’rlit~d Iby: 

fh’il~(it~$h~a.‘PPnns\~l\,~ii~i~~l 19146. 

C: C. Currln i&Yin ‘. * 951 pages [,B-vojtmrs) 
Sl,“n’ort!tl,l,y, 

--’ ’ $2~1.00 
% 

Chiplxn\va Nnturcs Ccsnt(Jr As the &&G,statcc- thtlsea volumes rcl;re-sent the state-of-the-art through 

availably Iroln: Spring! oi ‘78 Cart> studios of pnrs~vc yrccnhouscs, direct gairi s+t&i, 
N;ltLlrcb C:onti!~ mass, walls, mas rooL,-pa3sive combinations, nncl ,hybrid rystrmF‘ arc -. - --- .: 

-100 S. IJadour Rtl RO~I)O #‘I .- prt~s~~ntctl in Vblilmc I Vol~lnir II covc’rs rimulation a$cl testing Of rY&,- 

Mi$l,rnd, Ml . “. poncnts \(olumc Ill reviews policy, rducation. and econinics. The set-~ 

-1978 
tion on greenhouses consists of seven semi-tcchnical,tcports on plnn”ned 

I. l-111 pagPs $7.00 “----* aiid alrcxly-built units emp1oying.a varieiy’of-passive heating tcchniqurr, ?---. 
, A worthwhile source book .:,-I,’ _. - ‘. _ .- 
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Available frbm: 
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and C,r,eeqhryp$Res~denlial Combinatims, ‘. ‘Environmental:Re>etich’la66;atory ‘.“: :~ ! .__ . 

_,,,. ..:ktay 2O..throGgh23;-7977; Clevc.land,‘Ohio Tucson Internation>l Airpprt 

‘Compiled by: 
Tucson, Arizona 85706 

i I 
Ted H. ShortY, ! 

Sponsored by: 
413 p,ag& 515.00 

Ohio Agricultural R a.D Center and Energy ReTearch and- ’ , Commercial greenhouk backgiound and situafion, ” 

DcyclZpmcnt Kdmin,istration ’ 

Avililable from: / * 

Departm‘hnt of A&ul.Qy,l Engineering -! 
I=--- -O.A:R-:&CT ~~~ n.-., 

. Wboster;OH 44691. 
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1977 ,-’ 344 pa?ees... ssz, . Proceedings of the 1978‘Annual Mee,ti+ . 

.This volume-summarizes primarily govern;n‘Pntrf&nded greenhouse and Prepared by: 
oiher’agri~ultural.solar heating projects and stu’die Qeports on active 

d 

‘I Karl W. Boer, Gregory E. Franta - 
solar systems and energy conservation’,in gr&enho ses are included in Sponsored by: ’ 
the papefs. The highly-technical discussions k+,f cbtting energy use in the American Section of thednternational Solar-Energy Society 
plant house will be of USC to’somc greenhouse dssigner$. Available from. 

‘( .- A.S. of I.S.ErS. 
n .’ ” 

proccrdings of the Conlcrcncr on Energy-ConscrtiinR 
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tht>phpc‘i5 nit~r~~lati\t.lg tc)c-hntc-,ll , ,,I; ,.,,, : ,‘, 

. . 
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Ianuar\-‘1’1 throltfil~l3;1’179.‘San Jose, Galifornk’, ii I ; \” ’ t , 
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LI 5. Department oi.Energ) 
International Solar Energy Society ..,, 
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, ’ ,*.T ’ ‘-- 
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dodeliqg, materials and products. Reports on sessions’on domestia.‘f.n,d ‘New M&icoSolai Energy Assbciation NetisletlGi:-em 

,,,:I__ ___,_: __,.-. &mmyzial scale greenhouses, and on greenhouse/dwelling, combi,,v,$on$ Published by: 
<.” ,. 
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*,are part,of the proceedings document. This is an essential deslgn..ald .N.M.S.E.A.: 
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Subscription Price: $lO/year. 

-~reenLou,ses and Greenhouse-Residence Combinations * .j , : Thi’s monthly ne&letter is one of:‘the better sources around for information . 
April 2 prough 5,1978; Foft Collins, C_olorado on.new developments in low-tech?qlogy solar in. general” and 
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Bi-monthly magazine focusing on the design, constructioti and manage- 
Prt+paI,ed by: 

. . . ’ 

B. Ca‘rlJjaynes, 1.W Simons 
ment of solar greenhouses of all sizes. , Published by-.\, _, ,:. 

ransitional Network for Appropyiate/Alternative Tech&j6gi& 
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Published by: 
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1974 .’ .’ 18 pages“\.., _ 8.45 

A quarterly, newsletter-dirdctbry of’people involved in appropriate tech- Describes concrete block wall construction &which blocks-are itacked - 
nology. A good solargreenhouse design/research project refereq,ce. dry;then trowelled. on both surfaces with a cen&nt-glass fiber mixture. , 

A stronger wall than a co?ventional mortar-jo‘int blo&.wall is the result, 
with a ,considerable time savings..This technique is &pec:lly useful I 
fo,r an inexperienced block-layer. j. 
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Prepared by: 
Eric Hoff, David lenkins, jim Van,Duyn 

Published by: 
,” ( 

‘An Attached Solar Greenhouse 
. ’ LJniveKty ofQre+n 

Prepared try: Department of Agriculture . 
Bill and Susan Yanda Eugene. OR 97403 

/” Publir;‘hed by: 
The ightnin$Tr&e ’ 
P.O. ox 1837 

k 
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‘,, $nta Fe, NM 87501 
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t (.‘I927 17 pages / 
and schematics revealing the back wall and gravel fjbor ‘heat storage; , 

$1.75 )” 
‘, i 

sod roof, gnci fram? construction arc presented, vcryic-lcarly. A. de’tailed 
.lnStructions tor the(design, construction akd management-of a solar green-..’ thermat analysis of the building’s perfcjrmance- in-alljseasons is prcse;ltcd 

‘.\ . house. Each step is presented in English and Spanisli. The tianual tells 
how t’o build a low-cost. unit in a simple, undersiandable s_tyle. 

)/I. 
Plastic Greenhouje Manual: Planning, Construction and Operation / . . I Prepared by: 

. Br$dwall System Window andI3reeniow.e Plans Raymond Sheldrake, Jr., Robert M Sayles 

Prepared and Published by: ‘p 

Published by: Department of Vegetable Crops . 

* Zomeworks Corporation. .- ‘. , New York State College of Agricultural and Life SFiences 
’ P.O.Box712 Cornell University 

Albuquerque, NM 87102 Ithaca, New York,14850 

l977, 1 
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,7 pages BIS on 1977 I , ‘21 pages : $2 00 

Coml)lct(? blueprints ;;ntl ihstructions‘foi a “ljcacl Wall” movable insu[a. This design guide details usc~ful tcchn’ique for use in commercial green- 
tion system and a grccnhousc~. A lironse to build a ,140 sq. ft Bead Wall housrs glazed with plastic films. Generjl data on plartlcs ancl ipccifir 
is incluclcd.‘Surh a movable iniulntion system typically costs about $8 , instructions on building the Cornell Exterior Plywood Cussctt: Design 
to %I0 per square foot to‘build~ (for 864 per sq ft of building floor area] make up 

While this design Isn’t for an energy efficient unit. some 
I’,. , . 
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procedures ale presented 
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‘Rtic;/cl&l industrial equipment hn,d surplus malcriil m;!rkctpr. Fly nrh (for 
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.? 

L---. 
C;rcenhou.ir; ‘kit cataloGA 5’1 50 Tliai~ yh~ss/prpc fr,.lmc grec,l,houscq ilre 

low cost ctzment) and-other iriddstrinl waste-flroclucts along,with all kinds availablr a$ attachrd houses--c*aqily sdlarl>t~d ~~lthough not spo(~ific,~lly 
of new arnrl usqd m.ar:hinery at considcrablc savings- usually,in hulk. dcsigncd as a rnl‘lr-rellhnt grt>clriho\rsl> “ ’ 
in to’uch with the ExchanAv for illforrnatio’n on a specific nrrd. chances 
are they’ll be able to fill it: 

/ ‘” Pacific Coast Grecnhousa,hifR:‘Cij:..’ -““““’ ; ’ 
.’ 
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Cotati, CA 9-19X’< - ;707).79SF2,b4 l)_i 

Rrattlebore,VT 053iN‘. .- 
Solar greenhouse kits Inrl$ding compost privy and Jquaculturr cc&- . ...,,;’ 

(802) 254-4208 

‘.’ GrcPnhousi? cnmpdth?nts. growing, and maihtcnancc ~upplie5 ask ior 
ponentsy;llso thertiallv m6cied window greenhouses and told Iramps. ‘,“‘:I. 
Nq.data.was availably on KC’5 rolar’grecnhousc kits-at this writing- II 

. thrir’rl~~siriptiv~ broc’hurc to b(s nvailnb]r by fall of ‘79 

‘( . 
thC5P 6vill be avallilblr by the> end of 1979 Conventional, rtylwoocl frame. 
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j,, I, 
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..“--..-.-- ..-_ --~-- .--._-, Solar Survival 
_ )&,I 
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’ fircciihousc~ dqsign to ci~slornrrl's hi ,.~ _ -_ -_ Chtsrrv IfIll Road ‘ 

I’0 f30\119 
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Har&ville, Nti 
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- 105 lRorkwood,Drivc 
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.J Kit> ior soTar “podb” ancl~Gi,~teri~~lr fnr a 

Crass Val~ley. CA’9.59.15 , I 
(91 b) 271’.2077 ‘. ~. 

?olar Sit<> Sl~ltbctnr” if ;I val~rabl~~,tobl for.cl~~t(~rn~ining if a j,oten,tjal 
..--~ ,. 

Iyjlclin~ silt, will havc~~c~llol~fih winter sunlight for 5 solar grcenhousc~‘~or 
othc>r 5o111r \y4tr~m. A curved,. Ir‘lngparclnt sun-chart mounted on h( mt’till 
b~lsc~-~~jat~Yl is,tlc5ignotl to Lx> nttaCIwcl to il tripod 
l~l~~tilCI~“;/~l~I~I~’ sourt-c5 on tht’ 5itc3, .Ically simlilifi(‘i 
prowss! ! 4 
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. . , (‘lbf S-19-9861 - :‘ 

Free greenhouse supplies catalo$. ;cleafer for Thermofor vent operators, 
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, Solar Technology f&oration ’ , 

1 . 
WGa!>er%nergy S;;fems L!. ,- -:: 

3 .n- 
.._ :.,.-2.1.60.Gl~yStrect 

/ 
$.a-: Rex 574 j’ 

Dcnvcr,‘CO IlO211’ 
I” 

_,-- 

(303]4’15-3309 ” 
“Solcr,a’: solar gretyd~otrsc Kits incluclr idivc nncl/or passivcd ,olnr \ptcin$ 

-L.L-_ 

:;, Thcsc: lean-Lo lyy!, kit< inclutl(~ t)rt’fahrir;~ld roof and w;ll mddulcs in 
-” - 

3 4 fool sections. I-rnming is rcclwoocl; gldririg is’hrrylilr! SOP. 3%: j~oly- 
styrcne foam insulalior~, aid a did core clodr ilr(' inclrrclcd in cad waI!s. 
A one year maj,crials and workmanship guaranlcr is proviclrcl. ,’ 

.~. n 

;I 13Q4SW Bobnes Fpuy RqaJ - 
,’ rtlallc,, QR 97249’: -.-!“ ’ (503) 24;~-llOO 

, 8, 

Frc:c grccnho:iti kit ~;ltalog. Reclwn&l framrcl glass and flberglasq ~la~td 
grernho’~lst!y’~ir\~l~~cl~~~:n$unils,.lh~l ilr(’ caasily mncl~: “:olar rpliilnt ” Sturyll- 1. VENi AND%wT\IDOW TR&AihiENTi . ;.-- 
lluilt also is-a ;lcnlbr for .I ly~rmo(%)r wfii[ ;Iclu.llor\: . ._ 

Appropriair Tccknologp Corporation _ _- 
.,/: 

. -7 . . . 5. 

‘Tuxas Grernl,ci,,s,t Eonl,lan; ” 

_ 
.“. .-‘-..-.,- . . - -.l_._-_l____ 

-, - :‘I‘ 0 Ilos ‘175 
_.... - ^__L -..-- ----1-.- . . --- .,..(, .., . .“,_.. _--.-.----” _.--- ‘-, -.-. .__, -^ 

“7.1 7 St. -1 !‘!Li!!!llt’ll”:\~! b5 ((11 i,__ (BO2J -“,7-I 77% 
h _,- .-..z..-- .._ ,._ _--______... .(. _ 

I.011 W<rrlll Ix’ 70’1 IO 
L . “W1n(lo\~ (jutIt” ~n~ul~ling p)l\c+\&t*r wllld~,w ~lr,~tl~~lm,~nllf,~, ti,r,!r Wh(+,l 

, ,.-“.- (1117)‘t?l,-5447 ._.... .c. -/- “” .- ..-- 1 ~--. -- “.. -._ .” ._.__ -. . . 
“l~c~lwc~~tl ,IIU/ K,‘IIV~III~/IYI jttlt+l ~1~1~ Gr11onh~,11\1% hltj 111, l~~(ltn):, ~i,,?‘;,l. 

r I~~~(YI, 1he \hdd~~ tirfZ?l III\% lhrcluglr .1 tlnJl,a gl,i/~yl wInrIow (0 

11~1 l011k “~oJ,lri/,ll~l~~ ” I ohll\ (:rt~11nh(1119(~ lll~o ( 
lhc* ulll~~~Lrl~tlc*d \.dlLll* (Ii rll\m Ii.>11 ll11fqt tJ~~ly~~5(~~r 

grc~lwh~uc~~ ~llt)~~llj”~s lln(l llol1i kit 
b\b t)l.lrf~c. trarh\ lh(* >KII~~ l~~~(i: I,y ~rr~~\~~,rr~ ,,p,~~rl+,l 

i~v,lil,~hlo frdb. film dllhlr dml holtom, b’rhr.1) IIo\Y~~ I h1~1~1~~~((~- I~~~IPII,I~ 1011~ 
.__ 

., ., ‘IIJ) III.?* 2 nl)rmitl &intlo%r \harl~-, \t hl*u ~01 lK,j;,*‘i $4 ?%/+(I I 
\llgg~.\lr~l r(‘l.111 Illi, L” 1c11 IY~nrlo\v @rlt 1 twc k wl’\h A I (‘nrlror,rllorl 

..” . .-__.I..__..-__. ----- _..-- 
1 

._“,. 
7 -. \ 0. 

, , I’ (‘II!,) 7.14 II I-l’, ‘, 
Bramrn Cump.~ny.ilnc. 

s(~~,I,~~(~~~(~,~I,~I,,~!-~ il,s,B -.-- ----- -- . . ..---.-.---‘-.--.---- ..-.- -. .-.-.-....-... .- .i,. ._. ,_- 
I’ 0 Hll\ 70 

((,I Z) 7-1577h5 

Vc~Clalh! larlory,.lnc. 
*’ . .-. .._-.----_.. 

, IO0 (:culrl Slrt9~l 
-.~---.--__-.--_- 

(1100) ?‘I-2550 
(5’16) tbl?-‘t 100 

--; -- -. . ,__ .._I. .“.__.. ^_-_. --.--_ : .!!~o!l~..~~~S!.~~‘~~ ‘. ; 
(;rPc.+illcnl+ kit+ ( a~l~~lo~--o~~~~ (II (1~ first Cclancsr Fibers hiarhcling Co. ’ 

. 

prnlni:rl~~ ~~l,c~r~y-c~fllr.i~.~~l 
‘- ’ 

t’~l11(:1” grc~c~iih~usr kit9 ~/lili/(~ lw~) fillc,r~l,ls~.~c~infr,r;,,tl *I( ryllc. 
-... ., _^ 
I?1 I .9\,1bnul> of lhc* Amcsric ‘15 

.._... -~ 

rigltl Iil~tlllirllllll,jl,lll),; . ~~IQ~I~,I~~oIIL, 0i th4 hll-hI Ntv Yorh NY 100 {O 

, 111O(l~‘t ~llld(‘h~Yl IO ;1 Im.I\h \vdll ,,r(l inclutlc~tl in \/~~~‘c~l,lbl~~ F.lc-(ory’s 
----.A--- .- __-__,_ ‘__- 

“t’c11.1r Cunrd” ilbdlll ’ 
irwc;llill(fg , , . *’ 

Fltkrh about a local sourer for Polar Guard 
. * . , . 
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-----------D61P~~.Producti, Inc. 

. 
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2O;1 Sherlakb Drive” L “: I ‘. ‘_ 
, KnoxvillG, .TN ‘37922 l.--.-___-“* (01 5) f,‘JO~OO’iO ‘_ 

aCLualc;l. vt!n-opclnc’r manuf;iP.ltlrc’r. 
I-----. _ ‘. -. - . . - I 

.Opc’ll~jcl : . 
nine (3ottnd vctlt ,7’/zi“(wiII lift up I0 L~ Iwonly pot~nd vcnnt will? thra ( otlnl(~r 

? 

“b,tlancc spFiny accesso+). SolarvcnL begins oprralion at,(;ll°F arid’ 15 ittll\c . ,, 

I .i 
*‘. I 

cxtcn’decl at 7S°F. Cost is lip.95 (postpaid) for lhc actuator and dn ad- 
i ‘,, 

ditiobl 53.25 for counter-balance springs. Ybil can order direct from ‘, , 
Dalen .a six-month, ~~oneYback‘“~ulralltce is offcrccl. ! 
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Duracote Corporation 
. , 

. 
- ,/.’ i 

250 b. Diamond Street 
. ’ 

‘I _ Ravenna. OH 44266 (216) 292-3186 .:...: :. 

“l’oylon” g[~cnliou>e sli~~clin‘y/i,ls~ll~Iii~fi Iiialprial from Durilcc~~~~in~~~- -’ ! 
.-_ 

-,. . 

of J thin shr(!l of aluminum fnil I~nncl~~d lb n varils(y of Indlurdl 
a 

synlhi~lic I;ll)ric rrinfor 
_ ;, -F . : 

’ /Y 
‘nlnll~riiIl wns showI to r( 

__ ” s. 

-. I’c’lln AVilil,ll)l~~ ft:l.~I11 
“_/---- 

_ :*.:. -J-l~~I:y~~glcl~! 
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* ( 1icBr,sr1: ft.) ~ILI:, shil)ljiril: for lyl~Q:l:!Z.-... : ___.... --.- . 
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Heal Molars, Inc. 
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03’1 W Gr,lntlvio\v Avt~nuc~ _c^I..-‘- 
Silsrr;l Qatlrc~, CA ‘JlO2.1 

! 
(.!II)i pl’r-(,O ,‘, “_“---” 

--~-- a..__--..-.- -,-If-/-” .- 
“I I(~rll~b\Olor” Ilic~rmally il(.lll,,lI~~(I v(snI oIl(~r,llor In,lnillat I~I~~I---IIII~ ,I 
5n~ltSi~nrl v~lll-‘l” fnl ~~~lril ‘lOoI” Ir~rnil~~r;\lbltfi~ rl~~~Ailh-?i;Ci,l~h iii Id,+11 

“’ \ 

-- - Mblor.*St;rrling I~~lllprrilltlrc~ cd11 Ilc' yJ!:.L.II--a~~~~l~~c~ 1)(~1\\‘01~n GO0 ,l!ul , 
W”1:; lOtill lift is (I”. Cost i~~8hh.:l-l)-~ilus shtpljing If you’rr Inf<~r~~<!c~tl 111 

,. ’ 

lifting the en~j~~~rao~-idF~~entil~~tion. a Mark I I-.lcai Moktr-ti;ltttttt ?:t%~ :- - - - 
..pouncls 13116 inch for cacli 10°lz IcmpcraluE rise:! Cost is 52.000 00 Con- 

tact IHeat Motors fdr a local deBlcr name 1 / 
/ :, 

/ 
.* 

.-Insulated shade company 
‘. ‘. ,, 

-_ : -- 
17 Water Street 
Cuilfcgd,CT 06437 ‘, e ’ 

1 

mI.,*,,,,-I ~-_ 
“I-l’igh R” insulating S.)lilCl~! mariuf;lcturcr. TIG I 5. Thaclc iz com‘posc~tl Oi 

,fivc Inycrs of rcf.lcctivo’Iil,lsl,~c film Llinl arc liclcl apart by pl.l<tic 3I);Ic(‘r\ 
wll(fll in the tlO\\ill poSili0n. I he ~hildc mi\lUriill (tliscounti;ii: air Infiltl,l- . 

lion-around its cdgc3) Eivcls ilncl RIS when in lhc down positi0n P\/C IKQI~\ : 

, 

(~1.2.5/l~Il. ft.) cdl1 br: b0tlgh1 fur Slli!d(’ i!ibLill,llion, or seal stril)s (‘iOcT!lln 
,- ..~ 

ft.) c;ln bc purchacd for’lr’sr witli sil&uill“ivgod iambs S heads HigIl-I; 

. 

sliilclc mnteriil costs 52 75 per sq fl.‘.nncl shipping.. 
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