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Abstract

In this study, a comprehensive review on sustainable solutions for energy saving in greenhouse systems using renewable
energies technologies is presented. Afterward the brief and concise assessment and identify of existing greenhouse
systems and in order to notable reductions of energy consumption in greenhouses, topics such as total energy
consumption; cost-effective, energy-efficient as well as environmentally friendly technologies are analyzed in detail. The
technologies considered within the scope of this research are mainly renewable and sustainable based solutions such as
photovoltaic (PV) modules, solar thermal collectors, hybrid PV/T collectors and systems, phase change material (PCM)
and underground based heat storage techniques and energy-efficient heat pumps. The findings from the research reveal
that up to 80% energy saving can be achieved through utiliztion of renewable energies technologies.

Keywords: Renewable Energies, Greenhouses, Heating, Cooling, Energy storage.
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°Flat plate solar thermal collectors
*Phase change material

“Linear and spot Fresnel lenses
*dual-axis solar trackers

wWww.jrenew.ir........ I

... info@jrenew.ir

Gl LalS o oolaiul 8,50 iy olge jo U-value jlade ials
Goes b SCildgend and ¢ aily Cowal allS (o550 slola el
o)l G Ll (gladed gt b anglie 0 cand 4505 L ojlax 50
Al e Gals as s YA L) sedas 43905 (55,50 B pae wilgy oo Jolaie
25 b LB s ss b Wl o a5 cel ol gl Sl
JES ) canlaailils 6l LS 05 @il S g col 0SS 59,95 2
Gl Sldged ans S 1 IS8 b mels il ey Ol >
sty BB b a4 Wl o bl aes oo lid | el s ool
el o gy 055 irlayes S GialS il 5 ol ialS T, ialo S e
Eloel Gl 5l sedael idu 15 wod oo adud ;o U-value jlade _isl3dl
sledgile 55! o o3b (g, cpl 3 eslaiwl bl oo QUL il
Gl emlie o3b OBl bl go Gl38l (6Kt jeb 4y SCSlggid
Ailgi oo 5 Gale,S 5l wojlaz g0 Sillggnd sloasd U-value jlads
el 438 Bl des SSlggid slo Joile oIS job 4 .l ralS
sleanse 5 iyl Jlo Yo 5l i jee Job LT oxive baslxdS ol p
I 552l 5yl

|G y93 (5l GouiiS ez -Y-Y

L) oS 958 00 iy oy Olyie 4 G yox (il 0aiiS ez S
Ol IS 4 andje b (6551 WS o ez sy b i L)
(6Ls) inld 595 b (Vsb) 103 (ygole zoe ok 5 (omboliieg 2SI
£S5 <l sladsile olsie & sady55 (5> SlosS goxr ojg el o
00 gaz aiile il (slapl 4 gz ol b g so a5l (g0l 5>
T andy> loe slas,be LTsardys slogy Iohs (sape
O b b olgiee |y 69ed 95 (ol slaeasST gex gl oo ounsl
R G Y IR
Gk 5l iy U 55 (62 Sloazng (Slainsas 31 Ygorn 0SS poe
S5 4 Jate Graygh Sy g5lilely sl () Sl S Sl S
P eehyer (Sl oS gex K0 (Sgw ) S (e oslital
3 lod S job a5 g Lad b S sln )l 5 (SeSms slag LSl
IYY] 06,5 o )13 ooliiul o550 la 4l

o Ao (sl 195 ()l B0 g —)-Y-Y
Lals o e axio ol s Sl sbodsS gex I colatul
ol sl el K 4l b el sigleF bl ialS jslane 4 boes
Lol s i 5o olcpame ol > 033k b olsicoe |y Jas
Jie Glgie 4 g oo oolitul 0 )15 iz 50 oS anje oo 4l )
& by SlaoaisS pez Ve L L Al Sy )l 0 yShee liine
opd Glgie a4 (PCMY oo 5L 15 olgo 51 o] ;0 a5 mlas amio
s (Ve JS8) wisls 8 pw) iy 0590 wid oolaiwl Sl (65, eausS
ailie,y 5k S aoys YW B VA 5l wilgs so (golpiiin pina a5 ols LS
OileyS i b auslie o celo Y-F Coe 4 1) a8 o)1= (65
&5 5 eoliial ISl i (5,500 imgh o AVl WS Gl Jglaze

'Solar Thermal Collectors
'Solar Parabolic Troughs
Solar Towers

‘Solar Air Heaters
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(8) Fixing steel matrix
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°Earth-air heat exchangers

*Ground source heat pumps

YVertical ground source heat pump
*Horizontal ground source heat pump
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'Solar air heaters

"Solar water heaters

"backfilled

‘capillary buried heat exchanger
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"Heating, Ventilation and Air-Conditioning
‘defrost cycle

wWww.jrenew.ir........ I

... info@jrenew.ir

HGSHP
TN sogee 5 88l 55, Jowe b aslsls —¥Y JSis

VGSHP

5 oo Glr Ol L ses 5 soedn e b il slagy

oliie [A] o5 solinal caliee slopalsl L sblis ,o Lioloyw o
shad Gl 5l eI b1l s S a4 (Gl ceey laptecs
oy JEl sles a8 wisls (3155 LT L8] wis S oy oo (3500 5o
Shad 0,53 ISel 4 Slapias iz 1y Gldle COP g (5luo 53
Oliioee Cawl pSador jlon )0 0 (85 Bas b (el (35 3 (5551
S92 ey s SO L STy ()l (65 0 a3 oSns S
21 5T 5 5 50T 5 i3 eolil (ale)S sl 052 00d S
033b 5 5yl ooy COP a5 winsls yLas LsT IA] wisls alowl s !
iboe B (S5l 5] eaisS 0223l Jsb Rl L (65
O S G5l (29 ad e 9h o0 5)L0 (S 65 0B aSalin
Sl ey S (oS e &5 000 LS i 05 g0 Moy O 3]
Sl slie Gle)S sl 6908y95 () 0anS ez b (2be)S (e
20l goz b 2loS (o) ) e oSS Jae S pliime [A]
S5l 30 s S &y s (] 45 00,5 SBT3 >
wols olas bt culs s (S gl ol 5 obeS )b ol sl 550>
Gl 0,3 V7 i B oo (ol )8 sl 4Vl (5590 50 awgin o5
ot 18 5 solamdl L 3o ls cols sblie oS 5 it JA]l Wl o
S0 liima [F] 09 solitl Jglate slogitams > 4 il o g 009
L) oad o3 00isS goxr b S5 50 @lo ) ey (S caey s
25 pbnl LS e Glafad o gilo o3 L8] wisls @il Lad 053
o oolital Gzl 5l LS gl il (sl e S plge @ ey lals
@ S G Codyl ardyer Sl oS per (s 5o
SlesS 580 5 (o5 5 e by Gletlo 5 W)lo (51> slacy
0333 Oyl 5l as 0 YO o505l ey hawgi S 5l ool 2l 5l

*Solar and ground coupled heat pumps
"Solar aided heat pump
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