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Energy use in greenhouses in the EU: A review recommending energy
efficiency measures and renewable energy sources adoption

Main results / outcomes

Studies indicate that energy use in greenhouses in the EU varies considerably depending on the type of
greenhouse, geographical area and crop grown. In advanced greenhouse systems, heating is the dominant energy
requirement. Energy requirements for heating and cooling in these systems are so considerable that other energy
inputs, such as fertilizers, are extremely minor. In less energy intensive systems, overall energy requirements per
hectare are significantly less and spread amongst various uses including lighting, heating/cooling, irrigation,
machinery use, fertilizers and pesticides. Energy efficiency measures and renewable energy sources adoption are
available.
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Practical recommendations

A range of practical energy efficiency measures for greenhouses are recommended. These include the adoption of
better insulated transparent materials, the adoption of traditional control strategies combined with intelligent
algorithms - which have become a popular way to reduce the energy demand of greenhouses and can lead to
substantial energy savings - and improving and updating the design, operation and technology used in
greenhouses. However, it is important to note that implementing these systems can be expensive and, due to
variation in greenhouses, EEM interventions are often context-specific.

Recent studies indicate that adopting RES production in greenhouse systems can improve overall sustainability
and be economically advantageous to farmers. These include integrating solar technologies within greenhouse
production; biogas and bioenergy; and geothermal. Similar to EEM measures, RES interventions are likely
dependent on context and economics, while various factors need to be taken into account to support a
sustainable transition.

Further information

Energy and Water Related Parameters in Tomato and Cucumber Greenhouse Crops in Semiarid Mediterranean Regions. A
Review, Part I: Increasing Energy Efficiency.

Energy reduction measures in agricultural greenhouses heating: Envelope, systems and solar energy collection
Methodologies of control strategies for improving energy efficiency in agricultural greenhouses

A control method for agricultural greenhouses heating based on computational fluid dynamics and energy prediction model.
Photovoltaic Greenhouses: Comparison of Optical and Thermal Behaviour for Energy Savings

A review on opportunities for implementation of solar energy technologies in agricultural greenhouses

Heating requirements in greenhouse farming in southern Italy: evaluation of ground-source heat pump utilization compared to
traditional heating systems

Geothermal source heat pump performance for a greenhouse heating system: An experimental study

Experimental evaluation of using various renewable energy sources for heating a greenhouse

A review on opportunities for implementation of solar energy technologies in agricultural greenhouses
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AgroFossilFree is a H2020 multi-actor project that will evaluate the current status in EU agriculture regarding energy use and
assess existing needs, allowing farmers to optimize agricultural production through more efficient energy use and reduced
GHG emissions, resulting in economic, agronomic and environmental benefits. AgroFossilFree will create a framework under
which critical stakeholders will cooperate to evaluate and promote the currently available Fossil-Energy-Free Technologies and
Strategies (FEFTS) in EU agriculture. The project is running from October 2020 to September 2023.

Website: www.agrofossilfree.eu

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement 1D 101000496
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Xpnon Evépyelag ota Oegppoknmia otnv EE: Mwa avaokonmnon pe
TIPOTELVOUEVOL METPA  EVEPYELOKNG amodoong Kal uloBEtnong
OQVAVEWOCLUWYV TINYWV EVEPYELAG

Kupla AltoteAéopata

O pehétec Seixvouv OTL N xprion evépyelog ota Beppoknmia otnv EE motkiAAel onpavtikd avaioya pe Tov TUo Tou
BeppoknTtiou, TN yewypadikn mepLoxn Kat tnv KOAALEPYELD. ITa Mponypéva cuothuata Beppoknmiou, n O¢ppavon
eival n kuplapyxn evepyslakn amaitnon. OL EVEPYELOKEC ATIALTAOELC yia Béppavaon kot PUuEn og auTd Ta cuoTHUATO
glval 000 ONUOVTIKEG TIOU GAAEC ELOPOEC EVEPYELAG, OTWE TO AUTAOHATA, €ival £€ALPETIKA OCAUOAVTEC. J€
CUOTHUOTA ULKPOTEPNG EVEPYELOKAG KATAVAAWGONG, OL OUVOALKEC EVEPYELOKEG QTOLTACELS OVA EKTAPLO £ivoi
ONUOVTLKA UKPOTEPEG KAl KOTAVEHOVTAL O SLAPOpPEC XPAOELS, OMWE PwWTLoUOC, O¢ppavon/Ppun, dpdeuaon, xpron
punxavnuatwy, Autdopota Kot putopapuoKa.
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MNPOKTIKEG ZUOTAOELG

MpotelveTal Ylot OELPA TIPAKTIKWY UETPWVY evepyeLOKNG amddoong yla Bepuoknmia. Autd mepl\apfdavouv tnv
UL0B£TNON KOAUTEPWV UAKWY KAl TApaSOCLOKWY OTPATNYIKWY EAEYXOU o€ cuVOUOOUO Pe £Eumtvoug adyoplOpoug
- Tou &ival SnUodAng TPOMOg UElWONG TWV EVEPYELOKWY ATIOLTACEWY TwV Begppoknmiwv kot cupBarlouv oe
onpavtikn e€olkovopnon evépyelag - KaOwg Kot PeAtiwon Kal evnuépwaon tou oxedlaopol, Tng Asttoupyiag Kot
texvoloylag mou xpnotdomoleital oto Beppoknmia. Qotdoo, afilel va onUelwBel OTL N edapuoyn AUTWV TWV
cuoTnUATwWY propei va elvat Samavnpn kat Adyw tne dtadopormnoinong twv Beppoknmiwy, oL MopeUPACELS AUTEC
elval otoxevpévec. Npododarteg peAéteg deiyvouv OtL n uoBétnon AME oe cuotiuota Osppoknmiou pmopst va
BeATlwoel TN OUVOAKA BlwoloTnTA KoL va €ival OLKOVOULKA CURGEPOUCA Yla TOUC QypPOTEC. XE QUTA
niepthapBavovtal: EVoOWHATWoN NALOKWY TEXVOAOYLWwY oTto Beppoknmio, Bloagplo, Plosvépyela Kol yewbeppio.
Mapopota pe ta petpa EEM, ot mapeppdoeig AME eaptwvtat amd To MAALOLO KoL TV olKovoia, evw Stddopot
Tiapayovteg mpenel va AndBolv undPn yla pla Blwotpn petdBaon.

Neplwoootepeg MAnpodopieg

Energy and Water Related Parameters in Tomato and Cucumber Greenhouse Crops in Semiarid Mediterranean Regions. A
Review, Part | Increasing Energy Efficiency.

Energy reduction measures in agricultural greenhouses heating: Envelope, systems and solar energy collection
Methodologies of control strategies for improving energy efficiency in agricultural greenhouses

A control method for agricultural greenhouses heating based on computational fluid dynamics and energy prediction model.
Photovoltaic Greenhouses: Comparison of Optical and Thermal Behaviour for Energy Savings

A review on opportunities for implementation of solar energy technologies in agricultural greenhouses

Heating requirements in greenhouse farming in southern Italy: evaluation of ground-source heat pump utilization compared to
traditional heating systems

Geothermal source heat pump performance for a greenhouse heating system: An experimental study

Experimental evaluation of using various renewable energy sources for heating a greenhouse

A review on opportunities for implementation of solar energy technologies in agricultural greenhouses
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George Kyriakarakos (CERTH), Dimitris Manolakos (AUA), George Papadakis (AUA)
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AgroFossilFree sival éva moAuouppetoxiké H2020 npdypappa, to omoio Ba aflohoynosl TNV mapoloa KATACTACN Kol TLG
UTIAPXOUOEC QVAYKEG 0oV adopd OTn XPron EVEPYELOG OTNV EUPWTAIKN YEWPYLA, EMITPEMOVING OTOUC YEWPEYOUC va
BeAtioTOMOLiCOUV TNV TAPAYWYH TOUG MECW TILO ONMOSOTIKAC XPNONG EVEPYELAC KOl HELWHUEVWV EKTIOUTIWV aepiwv Tou
Oepuoknmiou, €XOViag WC OTOTEAECUA OLKOVOWULKA, OYPOVOULIKA Kot TeptBaAdovtikd odéAn. To AgroFossilFree Ba
Snuloupynoet éva TAALoLo KATw ard To omolo onuavtikol epmAskopevol dpopeic Ba ouvepyaotolyv yla Thv afloAdynon Kot thv
npowbnon twv Slabécipwy otnv mapovoa GAacn TEXVOAOYLWY KoL OTPATNYLKWY VLo EVEPYEL TIOU SEV TIPOEPXETAL ATIO OPUKTA
kavowpa (FEFTS) otn yewpyla tg EE. To £€pyo €xet Stapketla amo tov OktwRpLo tou 2020 £wg Tov ZemtépPplo tou 2023.
lotooeAida: www.agrofossilfree.eu
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research and innovation programme under grant agreement 1D 101000496



https://www.mdpi.com/2311-7524/7/12/521
https://www.sciencedirect.com/science/article/abs/pii/S0378778812003155?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0959652620327426?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0306261914012835?via=ihub
https://www.hindawi.com/journals/mpe/2012/743764/
https://www.sciencedirect.com/science/article/abs/pii/S0959652620348514?via=ihub
https://link.springer.com/article/10.1007/s12053-015-9410-y
https://www.agroengineering.org/index.php/jae/article/view/544
https://www.sciencedirect.com/science/article/abs/pii/S0378778813003563?via=ihub
https://www.sciencedirect.com/science/article/abs/pii/S0959652620348514?via=ihub
http://www.agrofossilfree.eu/



