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ALTERNATIVE TECHNOLOGIES
FOR AUTONOMOUS POWER SUPPLY

The article considers the relevance of the use of autonomous power
systems powered by renewable energy sources for use in the agricultural
sector in the conditions of the Kostanay region. The main features of energy
supply systems from the point of view of the rationality of their construction
with a low population density and developed agriculture are considered.
The share of the component in the structure of the cost price and tariffs for
electricity associated with the generation of electric power is given. The
share of electric energy costs in the production of agricultural products
is determined and ways to reduce them are outlined. The possibility of
using hybrid autonomous power plants for water supply for agricultural
needs is considered. The article presents the device and the principle of
operation of alternative technologies for obtaining thermal, mechanical
and electrical energy using a solar water jet and a greenhouse generator.
A comparative analysis of the advantages and disadvantages of the
considered alternative technologies is carried out, on the basis of which
design changes and improvements to existing structures are proposed.
It is proposed to use a Stirling engine to generate mechanical energy in
conjunction with a greenhouse generator, allowing the wind generator
to generate electrical energy. The main advantages and versatility of the
hybrid design, in comparison with the original ones, allowing the use of
renewable energy, are noted.

Keywords: energy of sun; wind energy, heliojet; greenhouse
generator, power supply systems.
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Introduction

Prospects of the use of renewable energy sources is dictated by the
diversification of energy sources, energy security of the country, the use of the
requirements of international agreements in the field of ecology, the development of
new technologies in the field of energy supply and energy efficiency characterizing
the relevance of developed ideas [1, 2].

The strategic potential for the use of renewable energy resources in the world
is huge. According to experts, they are many times higher than the most optimistic
estimates of traditional hydrocarbon fuels, which make the prospect of their use
very attractive [3,4]. The share of renewable energy usage in the world continues
to grow every year. The feasibility and scale of the use of renewable energy sources
are determined primarily by their economic efficiency and competitiveness with
traditional energy technologies [5,6].

Renewable energy has a number of advantages over traditional energy
sources:

- independence from traditional energy related to the use of fossil fuels, in
conditions of its limited and uneven distribution among countries;

- independence from price volatility in the global fossil energy market;

- inexhaustibility of renewable energy sources;

- eco-friendly use in the absence of waste and the release of pollutants;

- adaptability to the usage [7].

One of the priorities for the development of the electric power industry and
the solution of environmental problems in Kazakhstan is the use of renewable
energy resources. According to expert estimates, the potential of renewable energy
resources (hydropower, wind and solar energy) in Kazakhstan is very significant.
The share of renewable energy sources in the total volume of electricity production
in the Republic is 0.5 % [8].

The following types of renewable energy sources are most promising for
the territory of Kostanay region: wind power; small hydroelectric power plants;
solar installations for the production of heat and electricity. Near Tobyl town the
construction of the Ybray wind power station is going on, the first stage of which
is already in operation.

Since the area is dominated by agriculture, the use of biomass energy is
obvious. Also, we should not forget about the use of solid household waste and
wastewater for energy production, solving the problem of waste accumulation
and energy production at the same time [9].

Materials and methods

A characteristic feature of Kostanay region is a relatively low population
density and developed agriculture. In this regard, it is important to use autonomous
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power plants from renewable energy, which allow you to provide electricity and
heat to stand-alone social facilities, residential buildings and production facilities [ 10].

This article is devoted to the use of alternative technologies for processing
renewable energy in autonomous power plants to provide water supply, mechanical,
thermal and electrical energy to consumers [11].

The tasks that make it possible to achieve this goal are:

- consider existing alternative technologies for generating energy from
renewable sources, their advantages and disadvantages;

- improve the efficiency of autonomous systems.

To achieve this goal, various scientific methods were used, such as the
analysis of the literature on the problem under study, generalization, comparison
and systematization of theoretical and empirical data.

As it is known, the main disadvantage of renewable energy is the frequency
of energy flows. Solar energy can be consumed in the daytime, while wind energy
in nature exists regardless of the time of day. If we consider the potential energy
flows by season, we can note the following, that the potential of solar energy
prevails in the summer, and wind energy in the winter. Thus, the combination of
different types of renewable energy in a single system eliminates the problem of
instability of energy flows. Autonomous stations combine several different energy
sources that complement each other and stabilize energy flows. Renewable energy
extraction technologies are diverse and have a number of specific features [12].

It is known that in the process of extraction, production, transportation,
storage, consumption of organic energy resources (fuels), at all the listed successive
stages of the promotion of energy from primary sources and at all stages of energy
use in material production and the service sector as a whole, about 90 % of energy
is lost compared to the initial level [13,14].

In the structure of the cost price and electricity tariffs 27 % is generated
by basic power plants. The rest of the components are related to transportation,
distribution, and energy losses. Therefore, the power supply of remote settlements
from centralized systems is not economically profitable, since it requires large
capital investments for the construction of power transmission lines and transformer
substations. At the same time, the share of electric energy costs associated with
the processing and production of agricultural products is 34 %. Thus, the use of
autonomous power plants is economically feasible [15].

One of the ways to solve the problem of consumption and production is to
generate the necessary types of energy in remote areas through the use of renewable
energy sources directly near the consumer.

In electronic publications, numerous systems and installations of renewable
energy are widely presented under various names, each of them has its own
advantages and disadvantages, depending on the geographical location of the
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energy consumer, the operating mode, and the temporary needs for certain types
of energy. In addition to traditional methods of energy utilization of renewable
resources, alternative technologies for using the heat of solar radiation are being
developed [16-19].

Taking into account the specifics of agriculture, watering and irrigation during
the growing season of crops, water for livestock, it should be noted that almost 80 %
of the cost of water supply is electric energy. Russian scientists have proposed the
use of solar water jets for these purposes. To solve the problem of reliable and
inexpensive water supply, solar energy can be used; after all, for irrigation, for
example, fields need an average of about 0.5 kW of installed capacity per 1 ha
(0.05 MW/km?) [13].

The solar water jet is powered by a solar concentrator and solar heat stored by
a salt pond. The heat from the pond is fed through a heat pipe (thermosiphon) to
the water jet, which is a Stirling engine with a water pump, where it is converted
into the energy of the water flow (liquid) in the thermodynamic cycle. The heat not
used in the thermodynamic cycle of the water jet is diverted through the heat pipe:
either through the cooled part of it into the pit filled with ice, causing it to melt, or
it is dispersed into the environment through its air-cooled part. Thermosyphons
are vacuum tubes in which heat is transferred by boiling the working fluid (for
example, water) in one place (lower) and condensing in another —upper (Figure 1).

Figure 1 — Design of the solar water jet
1 — solar radiation; 2 — solar radiation concentrator; 3 — thermal insulation
coating; 4 — pit filled with ice; 5, 8 — thermal gravity pipe (thermosiphon);
6 — air duct; 7 — water jet (Stirling engine with water pump); 9 — solar
salt pond; 10 — water supply; 11 — ground; 12 — cooled part of the thermal
gravity pipe 5, placed in the air — the perimeter fence of pit 4;
13 — cooled part of the heat pipe 5, located in the ice/water of pit 4

97



TopaiireipoB yHuBepcuTeTiHiH Xabapubickl. ISSN 2710-3420. Onepeemuranvik cepuscul. No 2. 2023

The disadvantage of such a device is the large area and volume of the pond
and the pit with ice, the presence of a large solar energy concentrator. For efficient
operation of the solar water jet, an automatic process control system and the use
of excess heat energy are preferred.

The idea of using the energy of an artificial tornado-like flow excited by the
wind, running into a tower with blinds that opened from different sides in relation
to the direction of the wind flow, was developed in the works of D. Yen. In one of
the modifications of the models of the greenhouse power plant of the Canadian
meteorologist Michaud, the possibility of forming an artificial wind by fire tornado-
like vortices of the «dust devils» type was envisaged. It was proposed to enclose
the tornado - vortex created by heating the underlying surface of the collector in
a low tower, in which periodic impacts on the lower part of the swirling flow are
organized. According to the author, to obtain large values of electrical power with
the help of a tornado, there is no need to create a high pipe [20].

Results and discussion

In this regard, we can consider the process of converting thermal energy in
solar wind generators, which create air flows initiated by solar heating of the air
environment in semi-closed «greenhouse» systems. Designs of power plants have
been developed that allow concentrating the energy of direct and scattered solar
radiation, converting it into the energy of air flows with subsequent generation of
electrical energy. Such constructions are based on the proposed I. Cabanes model
of a greenhouse power plant, which he called a solar engine, (Figure 2) actually
used the principle of operation of a chimney.

Figure 2 — Model of a greenhouse generator

The main disadvantages of this model are the low efficiency and large
dimensions. Calculations of the efficiency of the model performed in the
approximation of the ideal Carnot cycle and therefore led to relatively low values
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of the efficiency coefficient. Meanwhile, it is necessary to pay attention to a number
of fundamental design features of the solar engine model, which were lost later
in the development of technologies for the aeromechanical method of converting
solar energy and allowing us to clarify the real thermodynamic cycle. These are
the unsymmetrical configuration of the solar collector, its tightness along the
circular periphery, and the flow of air into the chamber through a limited-sized
and flow-controlled inlet, similar to a furnace air-charging device that increases
the draft in the chimney. An analysis of the design features of the solar water jet
and the greenhouse generator suggests that by combining these devices into one
system, it is possible to partially eliminate the shortcomings of each separately
and increase the efficiency of solar energy conversion.

The hybrid model is based on a greenhouse generator, in which the energy
of the sun is converted into thermal energy by means of a solar collector. The
thermal energy is converted into mechanical energy with the help of the Stirling
engine and drives the water pump in action. A wind generator is installed in the
upper part of the pipe, which converts the energy of the wind flow into electrical
energy (Figure 3).

Figure 3 — Model of an upgraded greenhouse generator

Thus, the joint model allows both generating mechanical energy for
agricultural water supply and generating electrical energy. If necessary, it is
possible to use this installation for heat supply and hot water supply of buildings
in rural areas. It is established that the intensity of the conversion of radiant energy
into mechanical energy can vary due to the optimization of the peripheral angular
momentum along the height of the vortex near the underlying surface. Using the
swirling air flow, you can increase the efficiency of the greenhouse generator.

The proposed model does not contain a salt pond and an ice pit. The
concentrators have been replaced with solar collectors, which do not require
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automatic control when the position of the sun changes. Their design is simplier
and more reliable in operation.

Another very important advantage is the versatility of using such an installation.
It can generate mechanical, electrical, and thermal energy simultaneously with the
priority of some type of energy. An integrated approach to generating various types
of energy allows us to solve the problem of autonomous provision of detached
buildings and structures.

Conclusion

Based on the results of the study, the following conclusions can be drawn:

1 Environmental policy is a priority direction of the state’s development,
meets modern global trends in the field of energy conservation and the development
of green energy. The geographical location and economic specifics of the region
assume the development of autonomous systems based on renewable energy for
electricity, heat and water supply;

2 Agricultural industries are developing in Kostanay region, mainly small
peasant farms that require small energy capacities while generating electric and
thermal energy at the same time;

3 For autonomous power supply, it is proposed to use a greenhouse power
plant, which can be improved to generate electrical, mechanical and thermal energy
for agricultural needs and household consumption;

4 Tt is possible to develop both stationary and mobile designs of autonomous
energy systems based on a greenhouse generator.
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ABTOHOM/IbI DQHEPTUAMEH KAMTAMACBI3
ETY YIIIH BAJIAMA TEXHOJIOTUAJIAP

Maxkanaoa Kocmanaii 061bicbinOa aybll wlapyauiblivlebl CalacblHOA
KONOAHY YWIH HCAHAPMBIIAMBIH IHEPSUsl KO30EPIHEH HCYMbIC [CMellmin
Odepbec 3Hepeust Jncylieepin nauOalanyObly 63eKmilici Kapacmuipbli2aH.
Xamvikmuiy muiebl30bi2bl MOMEH HCOHe OaMbI2aH AYbLL WAPYaUbLIbIZbL Ke3iHOe
0napobl Kypyobll YmuIMObLIbIZbL MYPEblCOIHAH IHEPSUAMEH KAMMAMACHL3
emy JiCcylenepitiy Heeizel epeKuenikmepi Kapaiobl.. DeKmp dHePSUsiCblH
OHOIpY2e DAIAHBICMbL TCKMP FHEPSUSICHIHIH 63IHOIK KYHbl MeH mapugmepi
KYPbLIbIMbIHOA2bL KYPAYWbIHGIY Yieci keamipineeH. Aybli umapyautbliviebl
OHIMOEPIH 6HOIpYOe SJeKMpP IHEPSUCHIHA HCYMCALAMBIH UbIZLIHOAPObIH
yIeci auKbIHOANObL HCOHE OAAPObl MOMEHOemy AHCON0apbl OeNeieHOl.
Ayl wapyaublivizbln CyMeH 2caboblkmay ywin subpuomi agmoHoMObl
9Hepeusi KOHObIP2bLIAPbIH NAUOAIAHY MyMKIHOIZE Kapanool. I enuomem nen
NAPHUKMIK 2€HepamopOblly KOMEIMEH JICHLIY, MEXAHUKAIBIK JCOHE NeKMmp
9HEPEUSICHIH OHOIPYOIH OANAMA MEXHONOSUATAPBIHbIY KYPbLIZbICHL, HCYMbIC
npunyuni ycvinvlizan. Kapacmueipviiean oarama mexuono2usiapobly
ApMuLKWbLIBIKMAPLL MEH KeMUINIKmepine canblCmblpmMaibl maioay
2HCYpeI3II0L, COHbIK HEe2I3iHOe KOIOAHbICMA2bL KOHCIMPYKYUSIAP2A KYPbUILIMOBIK,
e3eepicmep MeH MONbIKMbIPYAap YCbIHblL0bl. Cmupiune K032aimKbiublH
NAPHUKMIK 2eHepamopmeH Oipee MeXaHuKaiblk SHepeUst Aty Yulin natioanamy
YCLIHBLIAObL, YL Jicel 2eHePamopbl APKbLLbL JNIEKMP IHEPSUSICHIH OHOIpYee
MYMKIHOIK Oepeodi. JKayapmoiiamvin 3Hepeusiibl NAUOAIAHY2A MYMKIHOIK
bepemin mynHyCcKaiapMeH CaiblCmulpeanoa cuopuoOmi KypoLibIMHbIH He2i3el
apmMuIKULLLIBIKMAPbL MeH oMbedanmui2bl aman omiioi.

Kinmmi ce3dep: Kyn sHepausicvl, dicenl IHEPSUACHL, 2equoMen,
NAPHUKMIK 2eHepamop, SHepUsIMeH JHcabobIKmay cylienepi.
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AJIBTEPHATUBHBIE TEXHOJIOI'NHA
JJIA ABTOHOMHOI'O DOHEPT'OOBECIIEYHEHUA

B cmamve paccmompena akmyanbHocmb UCHONb308AHUS AGMOHOMHBIX
9Hepeocucmem, pabomaowux om 60300H06AAEMbIX UCHOUHUKOS
9HepeuU, 015l NPUMEHEHUS. 8 CElbCKOXO3SUCMEEHHOL OMPACTU 8 YCI0GUSX
Kocmanaiickoui obnacmu. Paccmompenvl 0cHOBHbIE 0COOEHHOCMU CUCTEM
9HepeoobecneueHuss ¢ MOYKU 3peHUs PAYUOHANbHOCINU UX NOCINPOEHUS
npu HU3KOU NAOMHOCMU HACENEHUs U PA38UIMOM CENbCKOM XO3ALUCMEe.
Ilpusedena Odonsi cocmagnsowel 8 cmpykmype cebecmoumocmu u
mapupoe Ha 2ieKMpOIHEPSUL, CEAZAHHAS C 2EHEPUPOBAHUEM DTICKIMPUUKOU
anepeuu. Onpedenena 00151 3aMpam HA INEKMPUYECKVIO IHEP2UIO
6 NPouU3800CMEe CEelbCKOXO3AUCMBEHHOU NPOOYKYUU U HAMEUEHbl
nymu ux cuudcenus. Paccmompena 603moaicHoCcmb UCNONb308AHUS
2UOPUOHBIX ABMOHOMHBIX IHEP2OYCMAHOBOK OJisi 6000CHAOICEHUs 0TSl
CeNbCKOXO3ANUCMBEHHBIX HYHCO.  [Ipedcmasrienvl ycmpoucmeo, npuHyun
Ooeticmeusi albmMepHAMUEHbIX MEeXHOL02UU NOAYYEHUs Menai08oll,
MEXAHUYECKOU U IeKMPULECKOU IHEPSUL C NOMOWBIO 2eIUOB000OMEMA U
napHuKo802o ceHepamopa. Ilposeden cpasnumenbublil aHanus 00CMOUHCME
U He0OCMAamKO8 pACCMOMPEHHBIX ANbIMEPHAMUBHBIX MEXHON02Ul,
HA OCHOBE KOMOPBIX NPedNIONCEHbl KOHCMPYKIMUBHbIE USMEHEHUS U
dopabomku 6 cyuwgecmsyrouue Kocmpyxkyuu. 1lpeonodiceno ucnonv3osanie
osueamens Cmupiunea 04 NOLYYeHUs MEXAHUYECKOU IHepeull 8
COBOKYNHOCHIU C NAPHUKOBLIM 2EHEPAMOPOM, NO3BOJAIOUUX NOCPEOCIBOM
8empo2eHepamopa evlpadamuléams 2ieKmpuieckyio suepeuto. Ommeuenul
OCHOBHbIE NPEUMYWECBA U YHUBEPCATLHOCHb 2UOPUOHOL KOHCPYKYUU, 8
CPasHEHUIL C UCXOOHBIMU, NO3BOTAIOUEN UCHOTIB308AMb 60300HOGTAEMIIO SHEPSUIO.

Kniouegvie cnosa: smepeus connya; snepeus empa,; 2eauo8000Mem,

napHukoean ceHepamop, cucmemaosl 3H€p200Ha63fC€HM}Z.
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