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Abstract 

The advantages of Infra-Red (IR) heating have been verified and demonstrated in a full scale 
production greenhouse for vegetable seedlings, heated by gas fired IR radiators. Data 
collected have showed that the seedlings could be kept at the optimum thermal conditions 
while the greenhouse air was maintained at a 2-3°C lower temperature, indicating a 
significant reduction in energy requirements by 40–50%. These results were also supported 
by Liquefied Petroleum Gas (LPG) consumption data collected over a period of two 
consecutive years. The aim of the authors is to develop a tool which will calculate energy 
needs for greenhouses equipped with infrared heating systems and to construct an IR 
system to be tested in an experimental greenhouse. Following steps include implementation 
of the necessary changes to improve the system's performance and testing in a production 
greenhouse. 
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1. Introduction 

Greenhouse heating is one of the most energy-consuming operational requirements during 
winter periods, having a significant impact on production cost (De Pascale and Maggio, 
2004). Infrared radiation heating systems possess the advantage of high directional control 
and focused compensation of energy losses, appropriate for creating local temperature 
conditions in open or thermally unprotected spaces, like greenhouses. Thus, the inside air in 
an IR heated greenhouse can be maintained at an average temperature significantly lower 
than that required by the plants, as illustrated in Figure 1, resulting in an overall reduction of 
heat losses and consequently heating energy needs. The authors' research experience 
through studies and investigations with experimental greenhouses indicate: a) Reduction of 
energy needs and environmental footprint by 40–50%, due to direct compensation of the 
heat losses of the canopy, without further need of heating the interior (cold greenhouse). b) 
Maintenance of favourable environmental conditions, which promote the quantitative and 
qualitative growth of plants and suppress pestiferous agents (Teitel et al., 2000). 
The advantages of greenhouse heating by infrared (IR) radiation, instead of forced hot air, 
have been investigated experimentally using two identical small-scale greenhouses, 
operated in parallel with IR and forced air heating systems.  Real-time measurements of 
energy consumption under identical weather conditions indicated savings in the range 38-
50% for the IR heated greenhouse, averaging to 43% during the heating period (Kavga et al, 
2009, 2012). In a recent study (Kavga et al. 2013), experimental results were obtained in a 
full scale greenhouse for vegetable seedlings equipped with gas fired IR radiators. Energy 
saving in comparison to forced air heating was estimated between 30 and 40%, depending 
on the outside temperature, averaging at 35% for the heating period. 
IR heating systems are not presently widely used in Greece or Europe. As a result, 
equipment and installation cost is more than double in comparison with under floor heating 
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with central hot water boiler and a closed piping system, or with forced air heating using gas 
or oil as fuel. Even now, thanks to the energy savings of about 40% of the IR heating, the 
operational cost is quite low and the installation cost difference is fully recovered after one or 
two years, with current gas fuel prices. In combination with the advantages of improved plant 
growth and health, replacing conventional heating with gas fired IR radiators is an 
advantageous alternative solution for greenhouse heating. The principal objective of the 
present work is to design and manufacture an innovative IR radiation system for 
greenhouses that will reduce the operation, as well as the installation cost.  
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 Figure 1: IR heating (a) maintains a lower mean temperature within the greenhouse in comparison to 
hot air heating (b). 
 

2. Materials and methods 

The production greenhouse is used for the development of vegetable seedlings. It is a multi-
span design with dimensions: width 12.80, span width 6.40m, length 66m, gutter height 
3.00m and ridge height 4.30m. The total floor area (Ap) is 845m2, cover area (Ac) 1401m2 
and volume (V) 3085m3. The framework is made of steel constructional elements, according 
to European standards. Double inflatable PE film, of 180μm thickness is used as roof 
covering, while the sides of the greenhouse up to 1.20 m height are covered with hard plastic 
(PVC). Seedlings grow on cultivation benches 1.0 m above the greenhouse ground level 
(Figure 2). 

  
Figure 2: The productive greenhouse 

Based on the maximum thermal requirements estimated for the greenhouse, a system of gas 
fired IR radiators designed and manufactured by SYSTEMA S.R.l. (www.Natural-gas.gr) has 
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been implemented comprising of six radiant tubes, of 18 m length and of 45KW thermal 
power each, placed at a height of 3.0 m above the plant canopy (Figure 3). For the present 
vegetable seedlings cultivations, the reference temperature is set to the value Tp= 16±1°C, 
and the heating system operation is controlled by region thermostats. 

 
Figure 3: The burner system and the exhaust fan and tube at the two ends of the radiator tube. 

The interior microclimatic parameters were monitored by appropriate sensors in the 
productive greenhouse as follows:  
• Two thermocouples at the plant canopy (on the cultivation bench) to measure the plant 

temperature (Tpl) 
• Two thermocouples into the cultivation soil to measure the cultivation soil temperature 

(Tsoil) 
• One thermocouple hanging in the air over the center of the cultivation bench and in the 

middle of the distance between the plant canopy and the heating system, to measure the 
air temperature (Tover) 

• One thermocouple at the same position but under the cultivation bench, over the ground, 
to measure the ground temperature (Tunder) 

• Two thermocouples on the inside and outside surface of the side cover respectively, to 
measure the temperature of the PVC cover (TPVC) 

• Two thermocouples on the inside and outside surface of the roof cover respectively, to 
measure the temperature of the PE film (TPE) 

The outdoor environmental conditions including temperature and relative humidity (probe 
MP101A), wind speed (Anemometer A100K), sky temperature (Pyrgeometer CGR3), solar 
radiation (SP-Lite) and rain (Rain gauge 52203) were monitored at a height of 2.50 m above 
the ground, on a meteorological mast close to the greenhouse (Figure. 4). The 
characteristics of the instrumentation used are presented in table 1. 
 

Table 1: Instrumentation and Sensors 

Greenhouse 
SR Silicon-type pyranometer (model SP-LITE, range 400-1100 nm, accuracy ±5%, Kipp & 

Zonen) 
IR Thermopile-type pyranometer (model CMP3, range 300-3000 nm, accuracy ±5%, Kipp 

& Zonen) 
PAR Photo-synthetically active radiometer (model PAR-LITE, 400-700 nm, accuracy ±5%, 

Kipp & Zonen) 
RH-Tα Temperature and relative humidity probe (model S3CO3, accuracy ±1% RH, ±0.3 K, 

Rotronic) 
Tover, Tpl Thermocouples (type Τ, copper-constantan, 0.5 mm diameter, accuracy 0.5°C)  
Tsoil, Tground 

Tpe, Tpvc 
 
Thermocouples (type Τ, copper-constantan, 0.2 mm diameter, accuracy 0.5°C) 

Meteorological mast 
Data 
logger 

Data logger with two relay analog multiplexer units, (CR1000X, Measurement and 
control module, Campell Scientific). 
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SR Silicon-type pyranometer (model SP-LITE, range 400-1100 nm, accuracy ±10%, Kipp 
& Zonen) 

RH-Tout Temperature and relative humidity probe (model MP101A, accuracy ±1% RH, ±0.2°C, 
Rotronic) 

Rain Rain gauge (model 52203, accuracy 2%, R.M. Young, Traverse City, Mich.) 
WS Anemometer (model A100K, accuracy 1%, threshold sensitivity 0.15 m s-1, Windspeed 

Ltd)  
Tsky Pyrgeometer (model CGR3,  spectral range 4500 - 42000 nm, accuracy ±10%, Kipp & 

Zonen) 

All instruments and sensors were calibrated either using corresponding certified 
instruments as reference or using standard samples traceable to European or 
International standards. 

 
Figure 4: The meteorological station  

 
3. Results/Conclusions 

Experimental results were collected during the thermal period in winter 2011-2012. The study 
was focused on greenhouse performance during the night, when the heating system was 
automatically controlled. All data were scanned every minute, and 10 min averages were 
stored on a data logger. Overall night-time mean values were also computed from the 
respective time series, based on the interval between the steep outside temperature changes 
at sunrise and sunset. 
A striking feature of all the temperature measurements is their fluctuating character, with a 
period of about 30 minutes, which is attributed to the operational mode of the infrared 
combustors and the control system. Combustors are burning continuously at the same 
conditions during system’s operation, resulting in steep increase of the temperatures 
especially at locations corresponding to the entrance section of the radiating tube, where flue 
temperature is higher. These results indicate that the efficiency and uniformity of heating of 
the presently installed IR heating system may be further improved by the use of more 
sophisticated burners and control systems. 
Heating losses from a greenhouse can in general be estimated by the product of an overall 
heat transfer coefficient and the temperature difference between outside and inside air. This 
overall heat transfer coefficient is usually rather high, reflecting the low heat resistance of 
greenhouse constructions. To accomplish their mission conventional heating systems 
maintain the greenhouse air at a temperature a little higher than the optimum temperature for 
the cultivation in order to compensate heat losses, taking into account temperature 
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stratification. Given the covering materials used in the presently studied IR heated 
greenhouse a reasonable average inside air temperature, Tin, may be represented by the 
mean value between the temperatures measured under and over the cultivation bench at 
both stations. Assuming the same overall heat transfer coefficient, a comparison between the 
heating requirements of a conventional and an IR heated greenhouse may be accomplished 
by comparing the corresponding inside-outside air temperature differences, where the 
temperature targeted for the plants, Tpl_t (16°C in the present case) may be used as an 
optimistic estimate of the inside air temperature for a conventionally heated greenhouse. In 
figure 5 the probability distribution of all measured ten minute averaged pairs [(Tpl_t-Tout), 
(Tin – Tout)] is presented, where the straight line along the distribution represents the linear 
fit to all the data. An almost constant difference between the two temperature differences, a 
little over 3°C, is observed, indicating the heating requirements reduction in an IR heated 
greenhouse. 
 

 
Figure 5: PDF of all measured ten-minute averaged pairs [(Tpl_t-Tout), (Tin – Tout)] 

Based on these data, the accumulated night time heating degree hours required for an IR 
and a conventionally heated greenhouse during the 62 days period are correspondingly 
5,830 and 9,050 °Chr. That is IR heating requires 35% less degree hours, indicating a similar 
reduction of energy consumption 
As we have already mentioned, IR heating systems are not at present widely used in Greece 
or Europe. As a result, equipment and installation cost is more than double in comparison 
with under floor heating with central hot water boiler and a closed piping system, or with 
forced air heating using gas or oil as fuel. This makes it even harder for the aforementioned 
systems to get a share market proportional to their benefits.  The principal objective of the 
present work is to design and manufacture an innovative IR radiation system for 
greenhouses, estimated to reduce the operating cost of a greenhouse, compared to 
conventional heating systems, by 45% and the installation cost, compared to existing IR 
systems, by 20%. This system is estimated to have a period of leasing of about four to five 
years. This IR system will intrude the market and get a significant share. 
The current work consists of the numerical simulations and the implementation of the infrared 
heating system in a greenhouse. 
The aim of the authors is to develop a tool which will simulate the environment of a 
greenhouse and calculate energy needs for greenhouses equipped with infrared heating 
systems. After that, an IR system will be constructed and tested in an experimental 
greenhouse. Following steps include implementation of the necessary changes to improve 
the system's performance and testing in a production greenhouse. Moreover, suitable tools 
for the reliable selection, operation and control of the system will be created, ensuring 
smooth operation and market approval. Special efforts will focus on creating a competitive 
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industrial product, based on the aforementioned results and promoting the equipment 
through publications and exhibition presentations. 
After creating and validating a model for the behaviour of the IR system in the greenhouse, 
numerical simulations will be performed with computational fluid dynamics (CFD) methods, 
using open source code OpenFoam and the program Fluent. This will help us simulate and 
compare the behaviour of different heating body and reflector materials and dimensions , as 
well as lead the process of optimization for both the combustion system and the overall 
efficiency of the IR system . The experimental results obtained at previous studies and 
investigations of the authors will be used for the process of validation. 
The tool to be developed will use state of the art numerical methods to solve the heat 
transfer problem inside the computational domain and will be further developed to assist the 
design of the second generation of our IR system. It will also be used for the selection of the 
proper system for each greenhouse to be equipped with it, after it enters the market. 
The final step will be to build a prototype, based on the results of the optimization. This will 
be tested against an existing system using an experimental greenhouse. This will be a single 
span greenhouse (span width 9.60m, length 12m, gutter height 4.00m and ridge height 
6.50m) and will be divided in two equal parts for the systems to be compared (Figure 3).  
This procedure will demonstrate the reduction of operating costs compared to the existing IR 
heating systems. After that, necessary changes for performance improvement will take place 
and the improved system will be installed in the aforementioned  production greenhouse 
(Figure 2).  
After testing our system against another system in both an experimental and a productive 
greenhouse the results will lead the process of further optimizing the system and creating a 
competitive industrial product which will exhibit the advantages of higher performance and 
lower installation cost, compared to the existing ones. 
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