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Production under glass in Germany 

Year    Number of companies 

Vegetables Ornamentals 

2003 2118  8240 

2007 2021  7133 

2010 1008  4074 

http://www.bmelv-statistik.de 

Approx. const.           1300          1800         

protected surface 

(in ha) 
 

ha/company             1,2                          0,4                       



Greenhouse production in Germany: 

 many out-dated greenhouses 

 high demand for investments  

 increasing acreage per company 

 increasing specialisation on crops 

 increasing cost pressure combined with constant or    

    decreasing prices 

 



• Reducing consumption and/or costs of 
heat energy 
– real energy saving measures 

– temperature control  

– … 
 

• Rising own production 
– higher productivity 

– higher prices 

– … 

Saving energy… 

… or rising the efficiency 



Heise, Technik im Gartenbau 
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1. Drittel 3. Drittel Heizölpreis 
in €/Liter 

Heizölverbrauch 
• • 

Source: hortigate, energieportal 

Consumption of oil in pot plant companies Price of oil 

€/liter 

Consumption 

 liter/m² 

year 

Price of oil 

€/liter 

First third of 

companies 
Last third of 

companies 
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What have german growers done to reduce 

energy consumption or  energy costs? 

1. Changing the heat source!! 

 

  



• Coal 

(blue coal) 

 

 
 



 

Ahlemer Betriebsleitertage 18.01.2006    bjoern.wenzel@lwk.nrw.de  

    

10 

wood chips: 

 
wood pellets: 
 

Wood 



Waste heat from biogas plants 

Price strongly depends on 

contract details (quantity of 

heat, price for alternatives, 

investments, …) 



More than 1500 biogas 

plants in Lower Saxony 



What have german growers done to reduce 

energy consumption or  energy costs? 

1. Changing the heat source 

 - coal 

 - wood (chips or pellets) 

 - waste heat from biogas plants 

 - CHPs with plant oil (palm oil) 

 - … 

  

 

2. Installing heat buffers (and heat pumps) 



heat buffer 



What have german growers done to reduce 

energy consumption or  energy costs? 

1. Changing the heat source 

 

2. Installing heat buffers and heat pumps 

 

3. New covering materials 

 

 - double-layer plastic/glas 

 - anti-reflex coating 

 - … 



Kultursysteme: Gewächshaus / Freiland 

Inflatable double film 

covering systems 



What have german growers done to reduce 

energy consumption or  energy costs? 

1. Changing the heat source 

 

2. Installing heat buffers and heat pumps 

 

3. New covering materials 

 

4. Multiple energy screens!! 

 

  



double layer energy screens 

daylight screen 

thermal/shading screen 

daylight screen 

blackout screen 



Savings with the use of a 

daylight screen 

Energy screen 
daylight screen 

night         day 

Total (day and 

night) 

Domke, 2012 



What have german growers done to reduce 

energy consumption or  energy costs? 

1. Changing the heat source 

 

2. Installing heat buffers and heat pumps 

 

3. New covering materials 

 

4. Multiple energy screens 

 

5. Optimising greenhouse climate (fans, daily temperature sum, …)   

 

  



Movable heating 

systems close to the 

plants 

Rolling 

screens 

Lighting 

systems Fans 

Double layer 

screens 

High side walls 

Typical equipement of  

new (glass) greenhouses 



What have german growers done to reduce 

energy consumption or  energy costs? 

1. Changing the heat source 

 

2. Installing heat buffers and heat pumps 

 

3. New covering materials 

 

4. Multiple energy screens 

 

5. Optimising greenhouse climate (fans, daily temperature sum, …)  

 

6. Expansion for low energy/outdoor crops/varieties   
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1 Heating strategy 

 

2 Storage sytem 

 

3 Greenhouse cover 



dynamic heating strategies =  

adaption of setpoints (heating temperature, ventilation, …) 

according to other climatic factors (light, outside 

temperature, wind speed), or other control variables 

Energy saving with adapted temperature control 



dynamic adaption to outside temperature 

For example: 

Adaptation of setpoints to the difference between the actual 

outside temperature and the longterm mean temperature at the 

specific location 

http://www.landwirtschaft.sachsen.de/landwirtschaft/download/0602_AktuellesEnergie_Feb06_StW.pdf 

 

http://www.landwirtschaft.sachsen.de/landwirtschaft/download/0602_AktuellesEnergie_Feb06_StW.pdf
http://www.landwirtschaft.sachsen.de/landwirtschaft/download/0602_AktuellesEnergie_Feb06_StW.pdf


Energy saving potential: 5 to 20 % 

https://publikationen.sachsen.de/bdb/artikel/13220 

 

https://publikationen.sachsen.de/bdb/artikel/13220
https://publikationen.sachsen.de/bdb/artikel/13220


Phase-change material (PCM) 
 

Heat is absorbed or released when the material 

changes from solid to liquid and vice versa at a 

certain temperature.  

 

Latent heat storage system 

Paraffin 18 HC in  

Folienkissen (Ketten) 

zu je 25 g 

Tp: temperature of phase change 

 

Grafik: BINE Informationsdienst 

PCM (latent storage) 



http://www.fh-

erfurt.de/lgf/fileadmin/GB/Lehrende/Bredenbeck/Forschung/Abschlussbericht_Latentspeicher_zum_Veroeffentlichen.pdf 

 

For short time 

storage in 

spring and 

autumn;  

pay back 

period 

> 10 years  

Latent heat storage system 

http://www.fh-erfurt.de/lgf/fileadmin/GB/Lehrende/Bredenbeck/Forschung/Abschlussbericht_Latentspeicher_zum_Veroeffentlichen.pdf
http://www.fh-erfurt.de/lgf/fileadmin/GB/Lehrende/Bredenbeck/Forschung/Abschlussbericht_Latentspeicher_zum_Veroeffentlichen.pdf
http://www.fh-erfurt.de/lgf/fileadmin/GB/Lehrende/Bredenbeck/Forschung/Abschlussbericht_Latentspeicher_zum_Veroeffentlichen.pdf
http://www.fh-erfurt.de/lgf/fileadmin/GB/Lehrende/Bredenbeck/Forschung/Abschlussbericht_Latentspeicher_zum_Veroeffentlichen.pdf


Geothermal energy (storage system) 

http://www.landwirtschaft.sachsen.de/landwirtschaft/download/Al

bers.pdf 

 

82 % CO2 reduction/year 

Project LVG Heidelberg:  Near surface geothermie for the heating of 

   greenhouses 

LVG Heidelberg,  

Diebsweg 2, 

69123 Heidelberg 

www.lvg-heidelberg.de 

http://www.landwirtschaft.sachsen.de/landwirtschaft/download/Albers.pdf
http://www.landwirtschaft.sachsen.de/landwirtschaft/download/Albers.pdf
http://www.landwirtschaft.sachsen.de/landwirtschaft/download/Albers.pdf


New covering materials 

Double layer systems, for example: 

 
- low-e-glass (low thermal emissivity) 

- double ETFE-film, or 

- Glass-film-combination, inflatable: 

Double: glass-film 

Triple: film-glass-film 

• high PAR-transmissivity 

• high thermal insultion 

• high stability + durability 

• inflation on demand! 

• problem: price! 



ZINEG:  Future initiative low energy greenhouse 

Joint research project  (May 2009 – December 2014) 

Main objective: reducing the consumption of fossil energy and CO2 emissions by 90% 
    → combination of horticultural arrangements and technical innovations 



Berlin Hanover Osnabrück 
Munich/ 

Schifferstadt 

crops tomato pot plants pot plants vegetables (bio) 

roof covering single-glass 
double-glass, 

Ar-coated 

low-
emissivity- 

glass 

double-film  
PE, ETFE (F-Clean) 

energy screen 1 screen 3 screens 1 screen 1-2 screens 

mode of 
operation (CO2) 

semi-closed semi-closed ventilation ventilation 

storage solar 
energy 

rain water 
tank 

warm / cold 
water buffer 

passive passive 

alternative 
energy 

 solar solar    
wood pellet heater 

with buffer 



Berlin 

www.zineg.de 
http://www.actahort.org/books/1037/1037_20.htm 

 

Up to 81 % energy savings 

possible in spring and autum 

http://www.actahort.org/books/1037/1037_20.htm
http://www.actahort.org/books/1037/1037_20.htm


Berlin Hanover Osnabrück 
Munich/ 

Schifferstadt 

crops tomato pot plants pot plants vegetables (bio) 

roof covering single-glass 
double-glass, 

Ar-coated 

low-
emissivity- 

glass 

double-film  
PE, ETFE (F-Clean) 

energy screen 1 screen 3 screens 1 screen 1-2 screens 

mode of 
operation (CO2) 

semi-closed semi-closed ventilation ventilation 

storage solar 
energy 

rain water tank 
warm / cold 
water buffer 

passive passive 

alternative 
energy 

 solar solar    
wood pellet heater 

with buffer 



Hanover 

www.zineg.de 



Berlin Hanover Osnabrück 
Munich/ 

Schifferstadt 

crops tomato pot plants pot plants vegetables (bio) 

roof covering single-glass 
double-glass, 

Ar-coated 

low-
emissivity- 

glass 

double-film  
PE, ETFE (F-Clean) 

energy screen 1 screen 3 screens 1 screen 1-2 screens 

mode of 
operation (CO2) 

semi-closed semi-closed ventilation ventilation 

storage solar 
energy 

rain water tank 
warm / cold 
water buffer 

passive passive 

alternative 
energy 

 solar solar    
wood pellet heater 

with buffer 





Insulation 

measured Energy  savings 

Ucs-value 
Float glass + Energy 

screen 
Ucs = 4,6 

W/(m2 K) % 

Insulation glass* + 1 screen 3,0 38 

Insulation glass + 2 screens 2,1 54 

Insulation glass + 3 screens 1,2 74 

Low-e glass + 1 screen 1,4 70 

after Tantau, Wilms, 2014 

Potential energy savings in Hanover and Osnabrück 

Price screen: ca.  € 15,-/m² 

Extra costs Greenhouse low-e glass: ca. € 50,-/m² 

*Insulation glass: Price unknown 



Berlin Hanover Osnabrück 
Munich/ 
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crops tomato pot plants pot plants vegetables (bio) 

roof covering single-glass 
double-glass, 

Ar-coated 

low-
emissivity- 

glass 

double-film  
PE, ETFE (F-Clean) 

energy screen 1 screen 3 screens 1 screen 1-2 screens 
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operation (CO2) 

semi-closed semi-closed ventilation ventilation 

storage solar 
energy 

rain water tank 
warm / cold 
water buffer 

passive passive 

alternative 
energy 

 solar solar    
wood pellet 
heater with 

buffer 



Energy 

consumption 

Energy/yield 

      Yield 

Munich/ 
Schifferstadt 

www.zineg.de 

87 % PAR 



 
 

Thermal insulation 

- very good (Ucs < 2) 

in Schifferstadt, Hanover and 
Osnabrück 

 

   

 

 

 

 

plant quality 
 
- No differences to  a conven- 
  tional greenhouses 
 

- higher air humidity but no 

  increase in plant diseases 
 

- low CO2 concentration 

  (< 200 vpm) 
 

- modification in cultivation  

using solar energy 
 

- 4 - 6 weeks in spring and 

  autumn 
 

- 30 – 100% substitution of 

  fossile heating energy 
 

- 5 - 25% electric energy 

  for solar heat storage 

50 – 95% energy savings in ornamental crop production 

It is well worth thinking about a higher insulation despite a light reduction 





Andreas Bettin 

a.bettin@hs-osnabrueck.de 

 

 

 

 

Special thanks to Dirk Ludolph, LVG Hannover-Ahlem! 

 

 

 Any questions? 

mailto:a.bettin@hs-osnabrueck.de
mailto:a.bettin@hs-osnabrueck.de
mailto:a.bettin@hs-osnabrueck.de

