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Abstract. The number of greenhouses for the year-round production of vegetables, fruits, flowers is increasing 

in many countries worldwide. Currently, the technology of production in greenhouses is quite developed. Some 

difference in technology takes place due to the climatic conditions of the country and types of products 

produced. The cost of production depends on the technology used and energy costs. The purpose of the research 

is as follows: to determine the effectiveness of existing technologies, their impact on the cost of production, 

development of new technologies and mechanisms to reduce the cost of products and increase competitiveness. 

As a result of the research, it was established that the curtain mechanisms, as well as vent sash windows opening, 

fog and ventilation formation, consume not more than 7-9 % of electrical energy. The most part of electrical 

energy is used for artificial lighting system, soil moistening mechanisms, supplying of nutrient solution and for 

electric circulation pump of hot water in the heating system. According to the results of the research, an electric 

activator of aqueous solutions for disinfection and plant protection has been developed to increase the efficiency 

of growing products in greenhouses. The design of the system of mirrors for the equal distribution of the light 

flux from additional illumination throughout the entire volume of plants is substantiated. All technologies and 

mechanisms get power from a gas turbogenerator with an asynchronous generator. Main conclusions: the 

practical implementation of the developed technologies and mechanisms allows to reduce a consumption of 

electrical energy up to 17-19 %, depending on the geographical location of a greenhouse; the proposed 

development are new and it received 3 patents of the Russian Federation.  
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Introduction  

The daily quantity of photosynthetic active radiation (PAR) penetrating inside greenhouses for 

year-round production should be taken into consideration. There are many cases, when an additional 

artificial radiation shall be used. The type and capacity of artificial radiation systems should be chosen 

depending on a technology for vegetable and transplant seedlings production as well as in accordance 

with climate patterns of a construction district [1-13]. 

There should be minimal summed radiation (natural + artificial) not less than 25 W·m
-2

 PAR in 

vegetable transplant seedlings compartments of greenhouses. Daily quantity of PAR should be 

250 W·h·m
-2

. The radiation level in vegetable greenhouses shall be not less than 70 W·m
-2

 PAR, daily 

quantity of PAR for green crop during the fruiting time is not less than 900 W·h·m
-2

 PAR. It is 

recommended to give radiation of 80 W·m
-2

 during the process of plants growing under the conditions 

of artificial radiation for plantlets and transplant seedling, as for green crop – 80-160 W·m
-2

 

PAR [3;5]. 

Sustainable growth of plants in greenhouses and support of vital activity under conditions of 

changing environmental conditions are reached with a set of devices, which usually characterize 

stability of the development. Light conditions together with other environmental factors affect plant 

performance, as well as stability of its growth and development. The matter of light conditions effect 

can be checked with a content of chlorophyll in leaves of plants and their size. It is possible to 

cultivate plants effectively in the artificial environment only with using light technology with an 

additional source of light [4;7;8].  

The research [9;10] explains how different types of irradiators have an effect on the energy 

efficiency ratio coefficient in lettuce photoculture. The authors used irradiators with sodium-vapor 

lamp ДНаЗ-400-Супер and a LED irradiator as a light source with a percentage ratio of colors in the 

subrange: 30 % – in blue; 20 % – in green and 50 % – in red. The level of effectiveness from using 

sodium-vapor lamp is 32.4 % higher in comparison with using LED irradiator according to high yields 

of lettuce.  

LEDs with unspecified ranges has found wide application in photoculture as sources of radiation. 

The cost of irradiation devices based on LEDs is quite expensive. A cheaper source is luminescent 

lamp, however, there is no radiation with a proper for plants wave length in its range. They use 

combined irradiators with different source types for solving the problem [6;10-12]. 
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There are devices with sources located on leaves upper layer and a side supplementary lighting 

with additional artificial light sources to support physiological activity of leaves middle and lower 

layers and to enhance the effectiveness [12-16]. 

There are different types of pesticide used to protect plants in greenhouses. The main method of 

spreading different types of pesticide is spraying. The effectiveness of spraying depends on the 

amount, quantity and spreading drops of liquid on a surface. The most popular way of spraying is the 

fine-droplet spraying (droplet diameter 51-151 µm). It is recommended to use activated water to reach 

such parameters; electrons in activated water are overactive, also, activated water has evident 

properties of reducing agent [17-19]. 

Due to researches, it is established that the value of pH index affects differently on the speed of 

disintegration rate of pesticide. Some herbicides disintegrate faster in alkaline medium and some of 

them – in acid medium. According to recent researches, the effectiveness of some herbicides and pest 

control chemicals reaches a higher level, if they dissolve in water with pH equal to 4 units. For 

example, glyphosate herbicide is more effective with pH 6-7. Each product has its specific 

characteristics of efficiency and there is pH index among them. Activated water has a high dissolving 

ability of action spectrum due to high (heavy) electric charges [17-19]. 

Results and discussion  

We developed a device for inter-lighting of greenhouse plants with the help of local lighting of 

plants on the background of general lighting (fig. 1) [20].  

 

Fig. 1. The device for inter-lighting of greenhouse plants: 1 – upper layers of plants; 2 – middle 

layers of plants; 3 – lower layers of plants; 4 – a source of artificial light; 5 – direct rays of a source of 

light; 6 – two mirrors with changing curvature; 7 – reflected rays from inter-lighting; 8 – rotary joints; 

9 – a mirror controlling device; 10 – moving length-adjustable bars; 11 – a mirror riser 

There is one of high-pressure sodium-vapor lamps, reflector lamp ДНаЗ or lamps with LEDs of 

high capacity used as a source of artificial light 4. The mirror controlling device 9, 6 includes moving 

length-adjustable bars 10, which are fixed between rotary joints 8. The mirror riser 11 is produced as a 

reversible gear motor (motor-reducer). Two mirrors with changing curvature 6 are made of materials 

with high light reflection coefficient, and, with the help of rotary joints 8, the mirror controlling device 

9 changes an angle from 10 (up) to 80 (down) degrees relative to the vertical [20]. 

There should be used large amount of electrical energy to make water electrically initiated [17-

19]. There is a electrolytic process of aqueous salt solutions device, which was developed to increase 

efficiency (Fig. 2,3) [21]. 
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Fig. 2. The electrolytic process of aqueous salt solutions device:  at the left – sectional view of the 

device; at the right – sectional view of the device А-А. 

 

Fig. 3. Functional diagram of device operation 

The electrolytic process of aqueous salt solutions device has flat cylindrical housing 1, 

membraneous electrochemical reactor 2 is made as two flat wrap springs 3, which are separated with 

rounded fine-porous membrane 4, which has inlet 5 and outlet fittings (nozzles) 6, rounded anolyte 7 

catholyte 8, gaskets 9 are used to press flat or lateral (bank) concentric windings to electrodes 10 with 

outlets 11 and 12, the pН controlling system 13, which includes a controlled power source 14, photon-

coupled pair (PCP) 15, an amplifier 16, a potentiometer 17, a conductivity probe 18 [21]. 

Flat concentric windings 10 with outlets 11 for connecting to the power source, and outlets 12 for 

connecting to the reactor with metal outlet fittings 6. They are made of winding wire (bus), section of 

which is defined with reactor current 2. To make their structure more hard they are cast with 

compound and sintered. One winding is wrapped in a clockwise direction, the second one – counter 

clockwise. It is made so that with a serial connection, according to a construction, their magnetic fields 

would be summarized. See [21] for a detailed information. 

Advantages of the device.  

• Liquid (fluid) runs through annular channel, it is cycling there. There is a vortex motion under 

the action of centrifugal forces, which provides a better contact with electrodes.  

• Ion transfer process in moving solution differs from neutral dissolved particles transfer 

process. Electrical and magnetic field have impact on motion of ion. Thus, ion transfer in the 

solution is made with convection, diffusion of ions to electrode in electrical and magnetic 

fields.  
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• Flat concentric windings have small active resistance in comparison with water solution. That 

is why the losses are negligible, however, due to created electromagnetic field, the electrolysis 

process is increased sharply and efficiency coefficient of the device is increased as well.  

Nowadays some of greenhouse complexes use gas reciprocating power plants with synchronous 

generators for matters of heating and electric power supply. Advantages of such decisions is obvious.  

We offer to use asynchronous generators (AG) instead of synchronous generators in gas 

reciprocating power plants, asynchronous generators (AG) should be based on energy-efficient 

asynchronous engines with a square-cage rotor and condensing feeding. The main weak point of 

asynchronous generators is a steeply-deepening external characteristics [22-24], which is solved in our 

patent [25] (Fig. 4). operation of the device is in [25]. 

  

Fig. 4. Functional diagram of the device for regulation and stabilization of voltage of a self-
supporting asynchronous generator: AG – asynchronous generator; DD1-DD3 – three-phase solid 

relay (switch) with voltage phasing control via “zero”; GF1 – automatic circuit-breaker; DA/DD – 

control unit; С1-С3 – feeding condensers; С4-С12 – switching capacitors; VD1-VD6 – reverse circuit 

diodes; DA1-DA6 – comparators; R1-R5, R6 – controlled standard-voltage divider; C1 – filter 

capacitor; VD7-VD13 – decoding device; VS1-VS3 – optic couplers of solid state relays DD1-DD3 

Calculation example for asynchronous motor (AG) on base of motor series RA355MLB4 with the 

capacity of 400 kW; capacity coefficient 0.88; efficiency coefficient = 96.4; mass = 2015 kg. 

Capacity of condensers, providing self-feeding of AG no-load (at idle) and reactive load power 

compensation are calculated according to the formula:  

 
( ) 6

2∑ 10
2 c

HAGN

πfmU

tgφ+tgφP
=С , µF 

where PN – capacity from a generator, W;  

 Uc – voltage of a condenser, V; 

 f – current frequency, Hz;  

m – number of phases, cosφAG = 0.88, (φAG = 31.5º) and cosφN = 0.8, (φAG = 41º) – 

generator capacity coefficient and loading factor. 

For rated load: 
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An additional voltage-controlled capacitance is defined as a difference in total capacity for 

operation with rated load capacity and capacity of feeding. 

 .СС=С VD −∑  

 µF.==СD 220815883796 −  

In accordance with a diagram of AG power circuit, an additional capacity of bank of capacitors 

shall be divided on three parts: 

 µF,=СµF,=СµF,=С DDD 1104736368 321  

While control unit works, capacity is switched according to algorithm: 

 µF.2208⇒1840⇒1472⇒1104⇒736⇒368  

AG external characteristics with capacity of 400 kW are shown on Fig. 5. 

 

Fig. 5. AG external characteristics with capacity of 400 kW  

Conclusions 

Introduction of innovative researches and projects for year-round production greenhouses will 

help to reduce productive costs and to lower production costs. 

1. Devices for inter-lighting of greenhouse plants without additional sources of electrical energy 

allows to increase the efficiency of using artificial lighting to light when cultivating plants. The 

reflected rays of light from the mirrors support the physiological activity of the leaves of the 

middle and lower tiers of plants, providing intensive formation of fruits. 

2. A new construction of the device for the electrolysis of aqueous salt solutions reduces the specific 

energy consumption from q = 5.7·10
-3

 to 2.9·10
-3

 kW·h·l
-1

 with the same performance and 

hydrogen indicator. 

3. Devices for regulating and stabilizing the voltage of an autonomous asynchronous generator 

applicable to generators with a capacity of from units to hundreds of kilowatts. The advantage is 

that the switching of capacitors occurs when the voltage passes through zero. Therefore, there are 

no harmonic components in the output voltage. 
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