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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecriybriukacbl ¥nmmolk fbinibiM akademusicel "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miq xaHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeriyze KabbindaHraHbiH xabapnaldsl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicbl xypHanObl o0aH opi the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke Kabbinday MaceneciH
kapacmeipyda. Webof Science 3epmmeywinep, asmoprap, 6acrnawsbinap MEH MeKeMmesiepae KOHMeHm
mepeHODiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapbl. XuMusi XXeHe mexHosioausi cepusicbl Emerging
Sources Citation Index-ke eryi 6i30iH KoFamdacmbiK yWiH eH 63eKkmi xoHe 6edendi XUuMUsibIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobiFbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo HayuyHbIl XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosoauiy 6bin
npuHam Ons uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amom UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komrnaHuel Clarivate
Analytics 0nsi danbHeliweao npuHamus xypHana 8 the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednasaem ka4yecmeo u
enybuHy KoHmeHma 0151 uccriedosameriel, asmopos, usdamernel u yupexdeHul. BknovyeHue Nssecmus
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawly MpueepXeHHoCmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam 01 Hauleeo coobujecmea.
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HOTHOUSES OF NEW GENERATION

Abstract.The principle of thehothouse of thenew generation was first mined-out for the terms of continental
climate of Kazakhstan. It is set that for the continental climate of Kazakhstan traditional hothouses as the protected
area of soil with a glass or pellicle protection do not provide the required efficiency. Traditional hothouses allow to
increase a production of fruit and vegetable goods volume due to a few cycles of growing (in spring are up to 2
cycles, in winter are up to 3-4 cycles). Additional costs on theconstruction of thebuilding, on heating and
supplementary lighting increase expenses, that at modern market prices on vegetable products results in the height of
fruit and vegetable unit cost, and also to that the term of recoupment of hothouse makes 6 and more. Fundamental
technical solutions are offered for the hothouse of the newgeneration, that allow to produce fruit and vegetable
products in any region of thecountry during the whole year round. It will provide substituting for an importin the
vegetable sector of theeconomy, assists strengthening of food safety. The hothouse executed as a trench with the use
of local and cheap building materials having small losses of thermal energy in that technology of growing is based
on full application of artificial terms and many-tier shelving will provide high technique-economic indexes and small
term of recoupment of expenses on thebuilding.

Keywords: hothouses, sun, wind, steady development, proceeded in energy sources, energy-savings.

In the world, there is an extensive experience of year-round production of vegetables thanks to the
use of greenhouses. Thus, in Spain, Japan, and Turkey, total greenhouse area reach 40000-50000 hectares
or more, and a specific area of the protected ground has values from 1.177 to 0.576 ha per 1000 people.

The Republic of Kazakhstan has taken a number of measures on development of greenhouse
technologies. Greenhouse Association of Kazakhstan was established. In Shymkent, a factory for the
production of greenhouse components was launched. The Programme for the Development of Agro-
Industrial Complex (AIC) of the Republic of Kazakhstan for 2010-2014 plans an annual input of at least
10 ha of greenhouse space. In the follow-up Programme for the development AIC RK for 2014-2020
"Agribusiness-2020", the necessary area of greenhouses in the period from 2014 to 2017 should increase
from 364 to 461 hectares and stabilize at this level until 2020, as providing the market demands in early
winter and vegetables [1].

The typical greenhouses have several disadvantages. Thin films of glass fencing or plastic is a poor
thermal insulation, that in the cold period of the year leads to great losses of heat. So, the heating system
of various designs used in the greenhouses. This leads to increased cost of funds. E.g., in the continental
climate, for heating 1-hectare plot in winter one needs to spend up to 200 t of fuel equivalent per year.
The fuel component in the cost of products reaches 40 to 80% depending on the region and type of
greenhouses. In fact, the rate of energy consumption of greenhouses is the most critical in terms of the
commercial viability of production of greenhouse products. This is why increasing energy conservation is
often the primary goal of all greenhouse complexes [2].

Among the options to reduce the cost of energy consumed for heating and lighting modern
greenhouses, the most popular is the use of alternative heat sources [3-10].
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The cost of alternative energy sources is quite high, and these sources have a number of significant
disadvantages: occupy large areas depending on weather conditions, time of day, season. Despite rapid
growth in recent years, the use of wind and solar energy remains an exotic and expensive experiment.
Some energy specialists claim that the total share of alternative energy by 2020 will not rise significantly
above 1% of world energy consumption.

To ensure the efficient use of renewable resources and energy as a factor of sustainable development
of economy of the Republic of Kazakhstan, the Ministry of Environmental Protection, in accordance with
the Concept of Transition of the Republic of Kazakhstan to Sustainable Development for 2007-2024,
approved by the Presidential Decree Ne 216 dated November 14, 2006, developed the strategy “Efficient
Use of Energy and Renewable Resources of the Republic of Kazakhstan for Sustainable Development
until 2024”.

A year-round production of vegetables requires greenhouses with suitable microclimate both in
winter and summer.

In 2011-2014, under the auspices of the Ministry of Education and Science, the work was carried out
under the Programme «Scientific and Technological Support of the Energy Sector of Economy of the
Republic of Kazakhstan (renewable energy sources, energy saving)". Within the Programme, a project has
been accomplished "Development and Testing of Combined Technologies of Renewable Energy)".

In the process of work, for a real study, the combined system/greenhouse using renewable energy
(solar, wind) and commercial energy (gas, electricity) as a consumer of energy was built - area 75 m >
equipped with vacuum solar heaters, PV panels, wind generators, battery and automatic control unit.
Characteristics were obtained for the combined power system [11-20].

Photo 1 - Elements of using solar and wind energy in the experimental greenhouse

It has been established that in the continental climate of Kazakhstan conventional greenhouses as a
protected plot of ground with glass or plastic fencing do not provide the required efficiency. Based on
that, the principle of greenhouses of a new generation for continental climate conditions of Kazakhstan
has been formulated. The table below shows the principal technical solutions for the new generation
greenhouses.
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Table - Principal features of new generation

Conventionalgreenhouse

Newgenerationgreenhouse

The "greenhouse" term - hothouse
construction for growing seedlings, vegetable, fruit
and ornamental crops, as well as for breeding and
preservation of tropical and subtropical plants,
conducting biological studies, etc.; room of coated
glass or transparent foils and plastic. Heating
greenhouses - solar, biological (biofuels), technical
(water, steam, electric). Winter greenhouses to
operate year-round, spring - in spring, summer, and
autumn.

The notion of the term 'greenhouse of
the new  generation”-  agro-industrial
production facility for all season mass
production of fruit and forage crops in
conditions of artificial microclimate and
application of special energy and agricultural
greenhouse production technology.

Production building of greenhouse is made in
the form of a carcass from light elements with
transparent fence walls and roofs made of glass,
special transparent film or cellular polycarbonate.

Production building of greenhouse is
made in the form of the industrial type
construction element, including multilevel and
multilayered ones with the walls of construction
materials (bricks, hollow blocks, foam concrete,
aerated concrete, special sandwiches, etc.) and
the roof with low thermal conductivity. To
reduce costs, in frame/carcass structure it is
preferable to use local building materials: raw
brick, adobe, straw plaster panels, blocks of
pressed straw, etc.

Planting area. Natural soil is used. Feature -
during the cultivation season, in the soil without
natural winter freezing nematode (special kind of
worms that can irreparably damage the root system
of the plants) grows in number. Soil regeneration is
performed by replacing the topsoil that is labor-
intensive operation.

The planting area. Planting is done on
multi-tiered shelves that allow you to have a
planting area several times larger than the
territory occupied by the greenhouse.

Substrate for plant root system. Soil layer
with organic and mineral fertilizers.

Substrate for planting. The artificial soil
in trays (regeneration of soil by replacing trays),
hydroponic version applies a substitute soil
(gravel, etc) or the substrate for the root system
is not used in the aeroponic version.

Heating system. Combined heating, solar
radiation, penetrating through the transparent
barrier, as well as (in winter) artificial heating
systems: gas, liquid or solid fuel. The peculiarity of
the heating system when growing on soil - growing
area is determined by the greenhouse area, whereas
the entire volume of greenhouse air needs to be
heated under large square wall covering with low
heat-insulating properties.

Heating system. Entirely based on
industrial heating systems. To reduce the cost,
cheap energy is used such as power plants’
exhausted steam, excess gas from oil
companies, coal from local collieries,
substandard wood sanitary clearing of forests. It
is preferable to use renewable sources of
energy, thermal water, the Sun. The energy of
sunlight is used by special systems, including
vacuum solar collectors, seasonal and daily
water heat accumulators as part of the main
circulating heating systems.
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Ventilation system and creating the desired
gas composition of air.
Ventilationiscarriedoutbymeansofopenabletransoms.

Ventilation and averaging the
temperature and gas composition s
implementedvia ventilation system with forced
convection. Air carbon dioxide enrichment
through special systems (running CO, through
cylinders, hydrocarbon fuel combustion, etc.).

Power supply source. Power supply for
electricity consumers (lamps, lighting, pumps,
irrigation systems, etc.) is carried out from
centralized sources of electricity - electricity

networks with a fixed tariff.

Power supply source. Power supply for
electricity consumers is carried out from
centralized sources of electricity or from
autonomous sources of electricity on gas or
solid fuels. Having obtained economic
justification,  generating electricity = from
renewable energy sources (solar PVs, wind
generators, micro-hydropower plants) using
chemical batteries wunit is feasible. The
electronic automatic control system is applied to
coordinate the use of different energy sources
and to use optimal mode.

Lighting conditions. Use of sunlight entering
through the transparent barrier. This light can
influence only plants, located at the same level, i.e.
on greenhouse soil, in addition, transparent glass,
fence or polymer barrier, especially in the context of
a dusty fence conduct not the whole stream of
sunlight, distorting the natural spectrum of sunlight.

Lighting conditions. Artificial light
sources are used for each tier shelving, special
lamps for greenhouses or energy luminescent
bulbs, as well as particularly efficient LED light
sources with a special biological range. The
lighting period and intensity and duration of
"artificial night" is regulated for plants of
different kinds by a special automatic system.
Prospectiveloweradditionallightingofplants.

Summer mode. In the midst of the summer
season greenhouses with transparent fence are
usually exposed to excessive overheating. To
prevent this, the screening system is applied with
special reflective coatings. Screening large areas of
greenhouses is a tedious operation. The excess solar
energy just dissipates in the environment.

Summer mode. Conditions for maintaining
the microclimate is unified for winter and
summer mode. Lighting conditions of plants
using artificial light sources on the multi-tiered
shelves inside greenhouses are the same for
summer and winter modes, as they are regulated
by the special lighting system.

Watering and fertilizing. To create the
required humidity of soil, sprinklers are applied,
fertilizers introduced via usual method when
preparing the soil for planting and during the growth
period in the form of inter-seasonal feeding by types
of cultivation in the open ground.

Watering and fertilizing. Drip irrigation is
used when applying special drip systems. With
hydroponics, they are an integral part of the
technology. Additives in water solutions are
used during irrigation. In the aeroponic system,
a similar system with nozzles to create an
aerosol and irrigate the root systems is used.

Mechanization of production. Mechanization
tools in line with cultivation technology in the open
soil (low power tractors, electric cars, etc.) are used.

Mechanization of production.
Mechanization tools: from the usual small-scale
mechanization  equipment (electric  cars,
elevators to service the upper tiers of shelves) to
vertical or horizontal mechanized conveyor

systems with a full cycle of cultivation
mechanization  when  planting, growing,
harvesting, regeneration planting substrate

operations, etc.
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Conventional greenhouses allowto increase production of fruits and vegetables through a few cycles
of cultivation (in spring - up to 2 cycles, in winter-up to 3-4 cycles). Additional costs for construction of a
heating facility and for additional lighting increase the expenses, which in the current market prices of the
vegetable products leads to an increase in the cost of fruits and vegetables, and the greenhouse payback
period becomes 6 years and more.

The new generation of greenhouses allowsto produce horticultural products in all regions of the
country all year round. This ensures the import substitution in the vegetable sector of the economy,
promotes food security. Feed direction in greenhouse technologies allows developing cattle breeding in
the desert regions of the country.

Set out principles were tested on a single module greenhouse shelve.

The shelved greenhouse is a construction from the bent corner profile with perforation collected on
bolted connections into a single spatial frame in dimensions (length, width, height)-3000 x 3000 x 1000
mm.

On the shelves, as on one pilot module, the necessary technologic requirements for a new generation
of greenhouses were reproduced.

1000 1000 1000

3000 L

600

150

3000
600 600 600 600 600

1000

|

|
; J

o4

Figure 1 - Scheme of a greenhouse shelve frame and its dimensions:
1 -corner racks; 2 -central racks; 3 -frame shelves; 4 -grids of shelves

Greenhouse shelve equipment is shown in the photo below.
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Photo 3 - Gas regulation fan (photo on the left). "Cold steam" and air ionization device and (right)
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Photo 4 - Shelve for growing plants

Left - case for regulating gas lifted for servicing, right - cover protects shelving, creating an optimum microclimate for plants.
Photo 5 - Hothouse shelve during in vitro cultivation experiments

Experiments with greenhouse shelving fully confirmed the reality of technology of cultivation of
vegetative production totally in artificial conditions.

On the basis of such technical solutions, we have developed several options, both for businessmen
and for large greenhouse facilities, for the production of hydroponic green fodder.
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Figure 2 - Scheme of trench greenhouse (left): the operating room; 2-strip foundation; 3-metal racks; 4-wall-covering; 5-filling
of the insulating material; 6-ceiling overlap; 7-thermal insulation of the roof with waterproofing; 8-laminated window glazing;
9-wall slopes; 10-slope waterproofing; 11-waterproof chute
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Figure 3 - Scheme of arrangement of trench greenhouses (right): 1-soil level; 2-wall; 3-heating system radiators; 4-roof; 5-multi-
layered hothouse rack; 6-sources of artificial lighting; 7-trays for cultivation; 8-security lighting lamp; 9-process passage; 10-fans;
11-double-glazed light aperture
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For the industrial mass production of vegetables, optimized trench greenhouses were designed. Due
to the trench profile, cost of construction walls is reduced. Besides, cultivation area increased due to two
rows of shelves with a width of 2 m each with the possibility of two-way servicing of shelves
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Figure 4 - Optimizing construction of trench greenhouses

Such technological elements, as a source of thermal energy in the form of the heat source with
coolant circulation system, motor generator when applying autonomous power supply run in a separate
compartment of the greenhouses. Greenhouse power supply is possible from commercial energy (solid,
liquid or gas) and renewable energy (solar, wind, micro-hydropower plant, etc.).

The principle of fully insulated greenhouses has been tested during an industrial experiment. The
experiment was carried out in the experimental greenhouse, executed according to the scheme of gelio-
greenhouse, i.e. with three walls heat insulated and transparent fence for south wall. The transparent fence
was made of insulating cellular polycarbonate. To create an environment completely isolated, the
transparent fence was closed both outside and inside, which prevented the flow of sunlight, as well as
provide additional thermal insulation. Lighting in the industrial experiment was provided by sodium
lamps.

Photo 6 - Transparent fencing insulation of the experimental greenhouse from outside
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Photo 7 - Transparent fencing insulation of the experimental greenhouse from inside
(on the photo, artificial lighting bulbs visible)

The experiment consisted of two cycles of growing cucumbers, from September to December 2014,
and from January to April 2015. The experiments fully confirmed the correctness of the choice of a new
design of greenhouses.

g
—
L, i

s S

-
i =

Photo 8 - Plant parameters were monitored in the process of growth, development, and fructification

Overall, the greenhouse made in the form of a trench with the use of local and low-cost building
materials, with small loss of thermal energy, which is based on the application of the artificial cultivation
technology and multi-tiered shelving, will yield high technical and economic results and will have a small
payback of the construction costs.
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H.K. Haaupos, B.I'. Hekpacos, E.B. Conon0Ba, T. Cpbivos, JI.T. Cyxan6epaueBa, M.A. Kyarope
’KAHA BYbIH KbLJIBIJKAWDI

Annarna. Ka3zakCTaHHBIH KOHTHHEHTAIBIBl KIMMAT JKaFlailbl YIIIH anfanl peT jkaHa OYBIHIBI
MAPHUKTIK IPHHIUIITI )KbUTBDKAN JKacallIbl.

Kazakcran KOHTHHEHTaNAbl KIMMAThl YIIiH LIBIHBI HeMece KaObIpIIaKThl KOpIIayMeH KOprajiFaH
JIOCTYPITi )KBUTBDKANIAp KAKETTI THIMIIITIKTI KAMTaMachl3 €TIIeHTIHAITT aHBIKTaJIBL.

JocTypai KeUTbDKalmap ecipymiH OipHemie IUKIARI (KOKTeMAe - 2 MHUKITe, KpIcTa - 3-4 IHKITe
JIeiiH) ecipycangapblHaH, KeMiC-KOKOHIC OHIMICPIHIH KOJIEMIH apTThIpyFa MYMKIHAIK Oepeni. KbUTbITY
JKOHE JKapBIKTaHABIPY YIIiH FHMapaTThl CAIyIblH KOCBIMINA INBIFBIHAAPHI, KOKOHIC ©HIMICPiHIH
arpIM/IaFbl HAPBIKTHIK Oaranapbl >KeMic-KOKOHIC KYHBIHBIH ©CyiHe, COHIai-aK >KbUIBDKAIIBIH eTely
Mep3iMi 6 )KBUT HeMece OJIaH JIa KON YaKbITKA CO3bLIATHIH IIBIFBIHAAPEIH aPTTHIPAIBI.

XKein Ooiibl emiMi3ziH Ke3-KeJNreH OHIpJIEpiHAe >KeMic-KOKOHIC ©HIMIEpiH MIBIFapyFa MYMKIHAIK
OepeTiH jKaHAa YpPHAKThl JKbUIbDKaiFa apHaJFaH HEri3ri TEXHUKAJIBIK MICHIIMAEP YCHIHBLIAIBL. by
HKOHOMHKAHBIH KOKOHIC CEKTOPBIHIA HMIIOPT AaJIMAacCTHIPyAbl KaMTaMachl3 €Tedi JKOHE a3bIK-TYIIK
KayIMCI3/iTiH HbIFATa bl

XKeprimikri koHe ap3aH KYpbUIBIC MaTepHajapblH NalIaidaHbIl, MIYHKBIP TYPIHIAE >KacajfaH
KBUIBDKAlIa ©cipy TEXHOJOTHACHI TOJIBIKTAl >KacaHbl JKaFlaiiap/bl jKOHE JKMHAKTAJIFaH TipeKTepi
naianaHyFa Heri3IereH )KbUTy SHEPTHSICHIH a3 XKOFaITalbl, )KOFaphl TEXHUKAIBIK )KOHE DIKOHOMUKAIBIK
KOPCETKIIITEP/i ’KoHE KYPBUIBIC IIBIFBIHAAPHIH KbICKa MEp3iMIe OTEY i KaMTaMachl3 eTei.
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