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2
'.rcr€ i$u.$èiEated. fheir varlous shapes ,
slzcs, Cypes of covor, crops, ârid heating
tl4¡tem. €¡r. Labulated in Tabla l. From the
valur¡ ¡hosn ln Ehe table, the maJor component
of thr h.aè loss was fron ttre roof which erilc
'¡rn avarag. of 75 percent f,or ¿he glass
gReenhour.l and 80 percenÈ for the double
poly.tltyl.n. of the toÈal heatíng load of ihogEeenhou¡es. Íhergfore, increaslng the
thaEnr¡l roslsÈancc of Èhe roof offers tha
gr.atast iÞtential for reducing the heating
co.È i.f Lt can þe donc rrichout signlficantly
reduoing Èh. light crang¡niscion.

fhe glass coversd sÍngle sltan greeahouta, À iä
Table 2 and as shot^tn !n Figure t had onc lôltea
of polyeclrylenc attached underneattr thê glass.
For che Èyp" B an air-lnflac€d doubLe f¡y9l
polyothylenõ-was Lnstalted ovcr glass to ¡vofd
ihc- coñstauction barrier¡ of thc arernhousr.
Both systems in gylre A and B rere difÉicult to
ln¡tatl. The existence of PipË and ¡osts

In slnglr glaac greenhouse! (A and B in TabIê
I) an addicional layer ol polyetlrylene
signilicanÈlv reduccg thc heaÈ lo¡s ¿hfough
tho Ëoof bãcaugo ol t'he doubltng ol, the
thefnal registance and lowcred i.nflltrâtion

ycarly scving ln h.âtlng cost.r Ë,hlt €û€rgy
t¿ving gêollntquê lE Juútlfted. Éxtt.Ël¡nents
vËtr. undérÈtkËn Èo d¡cerrni,ne Lnlèial coEtrt,
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.ñd ¿h. 91435 '

dt lficulc co install Polyethylene for the rest
o! ch€ roof. For -covering the norttr Eoof,
¡ldc walls and both ends of an EagÈ-West

Bhq whole roof waE covered, a 50 pcrcent'
ravlng r¡ould b€ expected.

..1/

(
2a

FIG. 2 THE ÎYPE B GUTTER-CONNECTED GREENIIOUSE

For lvÞe B qreenhougs which waE shorrnr 1n
Ptgurã- 2, a-savlng oÊ, 29 p€rcent compared, Èo
thc wintar of 1981-82 wag found from "Oct'obert982 co April 1983 by adôing air¡:lhflated
double layei polyethylenã over ¿he west and
cagt unlt,ã' gt"sã which occupled 30 Percent of
èha enèire greenhouse roof. The Èest was
ra¡rcated ln 1983-84 wiÈh L/3 oE Èhe sLngle
glass roof covered with double layer of
Polyethylenc. The energy savinqs was found t'o
bc 27 - percent compared to the 'trinter of
l98l-82. The fuel 'savlng would be 60 Percentif the whole roof r/as covered.All the abovE
savtng values were obtained by ¿he analysis of
the gaa consurnptÍon bills €or èhe' past- - four
yeèrs. À1I lrre data arE showo ln Table 4'
Ngto that èhe averag€ global radl-åglon and
lfind veloctty arê eseãntlally equal for tlia
Èhlee years. '

THE ENERGY SAVINGS
fficuRTArN

and B rrerê labor intansLvê.
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fhc addlclonal sàvfng contrLbuted by che
curtatn¡ tn Èype A greenhousê t'as lt¡ûlted co 6
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út. rEa ENERCT SAVING OF TfÉ T¡IERI'IÀI, CT'RTÀTIÛ

I¡¡ T':TPE B GREENITOUSE

perccnt because of Che Àir clrculated througlr
Lh", unsealed eâqes cf the cur¡-ains whteh t'€rê
so dlfficult to' seal. Frcm Table 5, èhe
saving of the curtains in cype B grreenhouse
was f,óund to be L2 Percent 'becauee of the
intcrnal glass absorbed ètre long r¡tav9
radLation só that che radlation propertlec of
the insulation were not effective.

4 TITE TEUPERATURE GRADIENT OF THT GREENHOUg.E

fhe vcrtical air tenPerature variation of ghê
greenhouses t/rere also investigated. In all
test gr.enhouse6, the heating rras abovê ¿hê

- benchås and the average tenPerèÈure frcm Èhe
floor to Èh€ benches wa!¡ found eo ltave a
varlaÈion of 2 co 4 degree C and, from the
benches to the roof, €he difference was found
co bc aa high as 1l degree C. ftre highcr
ce¡ûÞerature at roof level significantly
increasec the indoor and outdoor temPeracure

- difference and hence che heat loss. Placing
ttie heaÈ distrlbuting elenrcnt at the floor ig
a low coat energy saving Èechnique to reduce
the haa¿ Ìo¡s due to tlre large temperature
gradient. AnoÈtrer method ls to uae ceilfng
fane at roof lcvel for more evenly haat
distributlon inside the grcenhouse. The gype
B greenhouse 'ras equfpped with ceillng fana
a¡rd-this decreased che cemPêraÈure dlfferencc
at çoof and kept warmer ce¡nPeratures at Ch€
plant level which .ùnplied a beÈter yield of
productg and less heat IoEs.

5 THE INFILTRATION
ÞERFORHANCE OF THE GREENHOUSES

The tnffltraÈl,on losseg of varlous greenlrouses
îrere in:vestlgated by applylng èhe gès decay
m€thod uslng nièrous oxide as che èracer 9a3.
Íhc cxperinental results wgrs used to
calculatã the Infiltra¿ion lossea Ín Tabl6 I
and are compared after ¡nodificatLon in Table
3. From the percentage of cotèl heat losses
in Table I, the averaga inflltration losscs
werc found to be about IO þercent which le
small compareä with chc roof heat loss ln Ehc
commercial greenhouses .

6. CONCLUSIONS

f) An effectlve means of reduclng
co.ts in slngle glass greenhouses
addition of polyethylene cover on roof,.

heating
ls the

2) For betÈer: llght cranEml-selon and croP
production, a grecnlrouss can be partly covered
ilttr singtc layer of polyethylene over glasc
on 'both endg ändthE nortfr sldc of the roof ln
ord.€r èo provldc good ltght lntênslty for
growlng whlle stlll savfng encrgy.

3 ) ln altcrnatl-v€ Èo applylng polyethylcnc
ovêr the €ntlra roof is Co cover Portion of
¿hc Ar€€nhouse ln rvhlch llght-èolerance Plânts
can Ée grot¡,n and qnlttLng lÈ l-n 

- 
gectiong 'rhcro

hlghcr llghting l¡vcl¡ arc requlred.
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