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Abstract. In recent decades, humanity has been actively looking for sustainable and environmentally friendly ways to meet
its growing energy needs. Renewable energy sources (RES) such as solar, wind, hydropower, biogas, and geothermal energy
are the main focus of these efforts. In this regard, combined installations based on renewable energy sources are being actively
introduced, which make it possible to simultaneously generate electrical and thermal energy, increasing the efficiency and
stability of energy systems. Combined installations powered by renewable energy sources represent an innovative and efficient
approach to energy generation, combining several systems of its production and use into a single cycle. These systems opti-
mize the use of renewable energy to generate electricity and heat, ultimately improving overall energy efficiency and stability.
The main concept is cogeneration, the process of simultaneous production of two types of energy: electric and thermal. In the
case of renewable energy sources, this process typically uses solar, wind, biomass, and geothermal resources. For example,
photovoltaic-thermal (PVT) solar systems combine solar photovoltaic panels to generate electricity with solar thermal collec-
tors to generate heat. Similarly, biomass power plants and geothermal installations are capable of producing both electrical and
thermal energy, meeting the needs of the industrial, residential and agricultural sectors.

Keywords: renewable energy sources (RES), cogeneration, energy efficiency, electric energy, thermal energy, solar energy,
wind energy, biomass, geothermal energy.

1. Introduction geothermal units and solar-thermal collectors, whose joint

In today’s world, growing electricity demand and mount- operation provides a more stable and rational energy supply.

ing environmental challenges compel society to seek alterna-
tives to traditional energy sources. Thermal power plants
(TPPs) and other fossil-fuel facilities have limited efficien- Combined installations based on renewable energy
cies (30—42% for TPPs) and produce significant carbon-  sources (RES) are sophisticated energy complexes that em-
dioxide emissions. By contrast, renewable energy sources  ploy several generation and control technologies simultane-
(RES)—notably solar and wind generation—offer promising  ously. This approach increases resource-use efficiency, low-
efficiency figures, reaching 15-22% for photovoltaic panels  ers energy costs and minimises the impact of fluctuations in
and 35-50% for wind turbines [3]. any single source. The key components are: Hybrid genera-
The chief obstacle for RES remains output variability: so-  tors — parallel operation of different RES units that together
lar power is available only during daylight, and wind  meet the demand for both electricity and heat. Intelligent
strength fluctuates. To boost overall performance, hybrid  (automated) control system — balances load, manages energy
RES systems—combining solar panels, wind turbines, biogas  storage and minimises losses. Energy-storage system —
units and pumped-storage batteries—smooth production  smooths the variability inherent in RES generation.
swings and raise total system efficiency to 50-70% [3]. Extensive research is under way in this field, and scien-
A primary advantage of combined energy installations is tists continue to make significant advances. Typical combi-
their ability to generate electricity and heat simultaneously,  nations now under investigation are summarised in Tables 1
dramatically increasing overall energy efficiency. In con-  and 2.
ventional generation, a large share of energy is lost during Analysis of the tables shows that the solar-wind pairing
conversion and transmission. Combined plants instead  and the wind-hydro pairing deliver the highest performance
capture surplus heat created during electricity production  indices. At the Department of Energy, Satbayev University
and use it to warm buildings or meet industrial needs,  (43.25° N, 76.95° E), ongoing research focuses on precisely
markedly reducing total energy consumption and improving  these configurations. The experimental system incorporates

2. Materials and methods

resource utilization. PV modules, inverters, a pyranometer, a weather station and
The core control principle for such systems is to synchro-  devices for monitoring operating parameters.
nize the various generators and balance real-time demand for Photovoltaic modules (PV) convert solar energy into

electricity and heat. A typical energy complex may therefore  electricity via the photovoltaic effect. The basic element is
integrate photovoltaic panels, wind turbines, biomass boilers,  the solar cell, a semiconductor junction that releases elec-
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trons when struck by light, thereby producing current. Sever-
al module types exist, differing in materials, manufacturing
techniques and applications [5]. This variety reflects efforts
to raise conversion efficiency and reduce manufacturing cost.

Table 1. Average performance of popular RES combinations

RES combination Average efficiency, %  System reliability

Solar + Wind 85 High
Solar + Biomass 80 Medium
Wind + Hydropower 90 High
Solar + Geothermal | 85 High

Table 2. Energy outputs and applications of selected hybrid
options

RES combination  Electrical output | Thermal output | Typical
applications

Photovoltaic Electricity via PV | Water/air heating = Homes,

panels (PV) + modules via collectors greenhouses

solar-thermal

collectors

Geothermal Electricity via Hot water/steam  District

energy (ORC Organic Rankine- | from geothermal | heating,

plants) Cycle turbines wells industry

Small hydropower | Turbine electricity = Heat extraction Heating of

from water via
exchangers
Conversion of
electricity to heat
by heat pumps

buildings near
rivers and lakes
District-scale
heating

+ heat exchangers

Wind energy +
heat pumps

Electricity from
wind turbines

Figure 1. CHN250-60P

The 250 W CHN250-60P module from Chinaland Solar
Energy is a popular choice for private homes, small busi-
nesses and small-scale solar plants because it balances cost
and performance.

Cell type Poly-crystalline cells (lower price than mono-
crystalline at slightly lower efficiency)

Maximum power 250 W

Efficiency 17-18%

Dimensions 1650 mm x 990 mm x 35 mm

Weight 18-20 kg

Temperature coefficient 0.40% / °C

Short-circuit current (I<sub>sc</sub>) 8.8 A

Open-circuit voltage 30.5 V

The 550 W RSM144-9-550M module from Risen is a
high-efficiency product for commercial and residential PV
plants. It belongs to Risen’s mono-crystalline line and uses
advanced cell technology for higher efficiency and longer
service life.
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Cell type Mono-crystalline PERC (Passivated Emitter
and Rear Cell)

Maximum power 550 W

Efficiency 21.2%

Dimensions 2278 mm x 1134 mm x 35 mm

Weight 27.5 kg

Temperature coefficient —0.34% /C

Short-circuit current (I<sub>sc</sub>) 15.48 A

Open-circuit voltage 41.4 V

Number of cells 144 mono-crystalline cells (standard for
=500 W modules)
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Figure 2. RSM144-9-550M

An inverter converts the direct current (DC) supplied by
PV modules, batteries or other sources into alternating cur-
rent (AC) suitable for household and industrial loads. Stand-
alone inverters — operate without a grid connection, together
with batteries. Grid-tied inverters — connect to the utility grid
and can export surplus energy. Hybrid inverters — combine
both modes, working with or without the grid and with bat-
teries.

Technical data of inverters used in the project: Model
MEX-3000-24 Operating temperature range —20...55C.

Mode  Parameter Value
Inverter  Nominal power 3000 VA /2400 W
DC input 24V DC, 100 A
AC output 230 V AC, 50/60 Hz,
13 A, 1-phase
AC AC input 230 V AC, 50/60 Hz,
charger 20.8 A, 1-phase
DC output 27V DC, 60 A
Solar  Rated power 1000 W
charger
System voltage 24V DC

Max.
(Voc)

PV open-circuit voltage 100V DC

Model SFB-5500-48 Operating temperature range —
10...50 C

Mode Parameter Value
Inverter | Nominal power 5500 W
DC input 48V DC, 119 A
Power factor 0.9
AC output 230 V AC, 50/60
Hz, 21.7 A
AC AC input 230 V AC, 50/60
charger Hz, 41.7 A
DC output 54V DC, max 80 A
(default 30 A)
Solar Maximum PV power 6000 W
charger
Max. PV current 18 A
Max. MPPT charge current 100 A
Optimal PV voltage range 240-430 vV DC
Operable PV voltage range 120-430 V DC
Max. PV open-circuit voltage (Voc) | 500 V DC
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A rechargeable battery is a device designed to store elec-
trical energy and later release it as a power source [5]. Mod-
ern batteries operate on the principle of repeatedly converting
chemical energy into electricity, allowing them to be charged
and discharged many times. Rechargeable batteries come in
numerous types, classified by capacity, voltage, manufactur-
ing technology and other parameters.

For our system we selected Challenger AGM batteries
rated at 12 V and 120 Ah. They deliver stable performance,
accept a 15 A charge current and are maintenance-free,
which makes them a convenient solution for autonomous
energy systems.

A pyranometer (from Greek pyr — fire, ano — above, met-
ron — measure) is a type of actinometer designed to measure
solar radiation incident on a surface. It delivers the irradiance
(W m™) arriving from the whole upper hemisphere [5].

The CMP6 pyranometer is intended for standard measure-
ments of global solar irradiance on a horizontal surface. It
complies with 1ISO 9060:2018 (spectral class B) and contains
64 thermocouple junctions connected in series. The sensing
surface is coated with a highly stable, inorganic carbon layer
that provides excellent spectral absorption and long-term sta-
bility.

The instrument needs no external power, producing its
own low-voltage output (0-30 mV) proportional to irradi-
ance (0—-1500 W m™). If required, the signal can be convert-
ed to 4-20 mA or a higher-voltage range.

A weather station is a specialised device—or a suite of
instruments—designed to monitor meteorological parameters
both indoors and outdoors. These units collect and analyse
data on changing atmospheric conditions, including wind
speed and direction, solar-radiation levels, precipitation and
other variables.

Key functions of a weather station: Measurement of tem-
perature; Determination of humidity level; Monitoring of
atmospheric pressure; Types of weather stations; Analogue
— used mainly for decorative purposes yet still providing
basic functionality; Digital — precise instruments equipped
with numerous sensors and additional features

Our system employs a Davis Vantage Pro 2 6152CEU
weather station, which delivers high-accuracy readings and
enables effective analysis of weather conditions.

3. Results and discussion

On the basis of the data described above we developed
both structural and circuit diagrams and installed a pyranom-

Table 5. Key electrical parameters (hybrid inverter)

Date & time PV voltage PV  power Battery
V) (W) voltage (V)

06 Dec 2024 14 :41:18  127.7 60 26.6

06 Dec 2024 14:31:21 93.2 0 26.3

06 Dec 2024 14:21:20 | 266.8 78 27.0

06 Dec 2024 14:11:18  280.1 100 27.0

06 Dec 2024 14:01:14  283.3 129 27.0

The analysis shows that wind speed varied during the
study period, peaking on certain days. The average wind
speed serves as an indicator of wind-turbine productivity;
higher wind activity boosts wind-power output. Air tempera-
ture fluctuated month by month, reaching its lowest values in
January. Low temperatures can benefit PV performance
because panel efficiency rises as temperature falls. Humidity

eter together with the weather station. These instruments
provide the foundation for the subsequent analysis (Figure
3).

The investigation examined weather-station and pyra-
nometer records for December, January and February. Par-
ticular attention was paid to the parameters that determine
the performance of combined renewable-energy installa-
tions—namely wind speed, air temperature, humidity, at-
mospheric pressure, precipitation and solar insolation.

Esolar =Uemf 1(S) 1)

where: H — solar irradiance (W m2); U — output volt-
age (mV); n — efficiency of the PV panel; S — sensor sensi-
tivity (mV / (W m2)).

W / m?

1 mV =0.01478mV
67.65

Weather-station data for three days in December

Table 3. Meteorological parameters (weather station)

Date Time | Temperature Humidity Pressure | Wind
(°C) (%) (hPa) speed
(ms™)
01 Dec 2024 00:30 3.5 91 1018.6 0.0
01 Dec 2024 06:00 2.9 94 1019.3 0.4
01 Dec 2024 12:00 3.3 92 1019.1 0.4
02 Dec 2024 00:00 1.6 92 1022.5 0.0
02 Dec 2024 06:00 1.6 89 1022.7 0.4
02 Dec 2024 12:00 3.4 82 1022.7 13
03 Dec 2024 00:00 2.5 68 1022.9 0.9
03 Dec 2024 06:00 2.2 67 1023.6 0.9
03 Dec 2024 12:00 5.8 48 1024.3 2.7

Pyranometer readings and calculated solar power density.

Table 4. Pyranometer output and solar-power density

Date Time Voltage (mV)  Power density (kW m2)

29 Nov 2024  13:46:56 1.2 0.0812

29 Nov 2024  14:17:13 0.9 0.0603

29 Nov 2024 15:02:28 0.4 0.0296

10 Dec 2024 ' 11:03:04 1.4 0.0963

10 Dec 2024 ' 12:38:36 24 0.1650

10 Dec 2024  13:43:59 2.3 0.1690

10 Dec 2024 | 15:59: 44 0.1 0.0074

20 Dec 2024 ' 10:50:56 0.4 0.0296

20 Dec 2024 10:56:04 0.5 0.0374
Battery  Charge Dis Output voltage ' Active
SOC (%) current (A) charge current (A) (V) power (W)
100 4 0 229.8 0
100 0 1 229.6 20
100 4 0 230.1 21
100 4 0 230.6 20
100 4 0 230.1 21
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varied with weather conditions; high humidity and snowfall
can reduce PV output by decreasing surface transmittance.
Atmospheric pressure changed throughout the observation
period, reflecting passing cyclones and anticyclones—
information that is useful for predicting weather conditions
affecting energy production.
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Solar irradiance. Pyranometer data show that solar-
radiation maxima occur at midday, while morning and evening
values drop sharply. In December and January, irradiance was
lower because of seasonal factors and frequent cloud cover.

Overall, the data confirm that hybrid RES installations
can operate efficiently when solar and wind resources are
properly balanced. During winter the primary energy source
tends to be the wind turbine (higher wind speeds), whereas in
summer the main load is carried by PV modules owing to
stronger irradiance.

The electrical energy generated by the PV array is calcu-
lated using

E=S.7-H-PR @)

where: S — is the panel area (m?), n — the module efficien-
cy, Hi — the incident solar-energy density and (kW-h/m2), PR
— the performance ratio.

Thus, during the summer period the value of HiH_iHi
rises sharply, boosting solar-energy production, while in
winter wind generation becomes the dominant contributor.

The findings confirm the need for battery-storage sys-
tems to smooth fluctuations in power output: energy accumu-
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RSM144-9-550; U= 300 V

lated during periods of low solar activity (winter) or weak
wind (summer) can be deployed to maintain a stable supply.
Weather factors such as humidity and precipitation also de-
mand routine maintenance of PV modules to preserve effi-
ciency; snow cover and surface soiling can markedly reduce
energy yield. Figure 3.2 shows the resulting plot.

Overall, hybrid renewable installations possess high po-
tential for autonomous power supply but require careful
consideration of local climate and skilful management of
energy flows.

Almaty offers significant solar potential. The average dai-
ly incident short-wave solar energy varies through the year:

January = 2.3 kWh m™

May = 6.8 kWh m2

July = 7.6 kWh m2

October ~ 3.8 kWh m™

December ~ 2.0 kWh m™2

Peak solar activity occurs in summer, favouring efficient
PV utilisation in that season. By contrast, the mean wind speed
in Almaty is about 0.7 m s, well below the > 4 m s™! typically
required for efficient wind-turbine operation, so wind power
must be assessed carefully against local conditions.

<)
CHN250-60P

|__ T

GB
U=48 V; n=8
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Connector 1 [ ¢ o

Connector2 | |

Figure 3. (a) Structural diagram of the PV module; (b) schematic of the RSM144-9-550M PV module; (c) schematic of the CHN250-

60P PV module
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Figure 4. Weather-trend graph
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4. Conclusions

Hybrid installations based on renewable energy sources
(RES) are a promising solution for decentralised and auton-
omous energy systems. Integrating multiple RES technolo-
gies minimises reliance on conventional fuels, cuts the car-
bon footprint and enhances energy resilience. Ongoing ad-
vances in intelligent control, generation forecasting and
adaptive load management are making these systems increas-
ingly effective. Energy-storage integration is vital, as it
smooths production fluctuations and stabilises power supply.
Looking ahead, hybrid systems that harness artificial intelli-
gence and blockchain to optimise grid operation are expected
to gain wide adoption.
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KanapTblIaTbIH JHEPrus Ko3JAepiHe Heri3aeareH OipikTipijirexn
KOHABIPFbLIAP (0acKapy, 3JIEKTP KIHE KbIJIYy JHEPIUsICbIH OH/IIPY)

H. Mapat’, A. bek6aes, E. Xumonna
Satbayev University, Awvwamei, Kazaxcman
*Koppecnonoenyus ywin asmop: nurbek0355@mail.com

Annarna. CoHFbI OHXBUIABIKTApA aJaM3aT ©cCill KeJlie KAaTKaH JHEPTeTHKAIBIK KaXKCTTUTIKTEPIH KaHaraTTaHIBIPYIbIH
TYPAKTHI JKOHE IKOJOTHSUIBIK Ta3a XKOJIapbiH OenceHai typae i3aeyne. XKaHapteutatein sueprust keszaepi (JKOK) — kyH, ke,
cy, Ouoras jxoHe re0TepPMAJIIbIK YHEPTUs — OV i3/eHICTep i 0acThl OarbIThl 00JBIN TaObUIaAbl. OChiFaH OAMIAHBICTHI JICKTP
JKOHE JKBUTYy DSHEPTHACHIH Oip yakpITTa OHAIpyre MYMKIHIOIK OepeTiH, JHEpreTHKaNbIK >KYHeIepHiH THIMIUIr MeH
TYPaKTBUIBIFBIH apTTHIPATHIH JKaHAPTBUIATEIH SHEPTHs KO3/epiHe HETi3JenTeH OipiKTipiareH KOHABIPFBUIAp OCNCeHII TYpIe
eHrizimye. YKaHapThUTATHIH SHEPTHS KO3epi apKBUIBI )KYMBIC ICTEHTIH OipiKTipiNreH KOHABIPFBUTIAp — OYJ1 SHEPTHS OHAIPYIiH
WHHOBAIMSUIBIK Opi THIMAI TOCiIi, MyHaa OipHerne xyie Oip mukiae OipiKTipisin, SHePTUSHBI OHIIPY MEH MaiianaHy jky3ere
acanpl. MyHpmail xyWenep >XaHapTbUIATBIH SHEPTUSHBI THIMII HalJalaHBIN, 3JIEKTP JXOHE JKbIIY SHEPTHSCHIH OHIIpeni,
HOTWDKECIHE KAJIbl YHEPTeTUKANIBIK THIMIUTIK TEH TYPaKTBUIBIK apTajasl. Herisri y¥eIM — KOreHepanus, SFHU 3JEKTp KOHE
JKBUTy SHEPrUsiChlH Oip Mesrinme eHuipy mporeci. KOK jkarjaiibinaa Oysl mporecc olIeTTe KyH, Xejl, Oumomacca KoHe
reoTepMalIbIK pecypcTapibl KoiiaHajpl. Mpbicanbl, GoTosnekrpiik-repMusuiblk (OIT) kyH kyienepi KyH OartapesiapbiH
AIIEKTP SHEPTUSICHIH OHAIPY YILiH, all KYH bUTy KOJUIEKTOPJIAPBIH XKbUTy any yiuiH Oipikripeai. Con cuskTsl, OHomacca MeH
reoTepMaIbIK KOHBIPFBUIAP J1a 3JIEKTP MEH JKbUTYy SHEPIUsCHIH KaTap eHAipe anajbl KoHe OYJI @HEepKacill, TYPFbIH YH JKoHE
aybU MIapyallbUIBIFBI CAIAIAPBIHBIH KAXKETTUIIKTEpiH KaHaFaTTaH bIPa/Ibl.

Hezizzi co30ep: sicanapmoliamuln 3Hepeus ko30epi (KOK), koeenepayus, suepeuss muimoiniei, 31eKmp IHEPSUACHL, HCbLLY
IHEP2USACYL, KYH IHEPIUSICYL, JICEl IHEPSUACDL, OUOMACCA, 2COMEPMATIObIK IHEPIUL.

KoMOuHHpOBaHHBIE YCTAHOBKH HA OCHOBE BO300HOBJIsIEMbIX
HCTOYHUKOB YHepruu (ynpasjieHHe, BBIPA00TKA 3JIEKTPHUYECKON 1
TEIJIOBOI YHEPIHN)

H. MapaT*, A. bek0Oaes, E. Xunonma
Satbayev University, Arvamoi, Kazaxcman
*Aemop onsn koppecnondenyuu: Nurbek0355@mail.com

AHHOTanus. B mocienHue NECATHICTHS YEIOBEYECTBO aKTHBHO HIIET YCTOWYHMBBIC M DKOJOTHYCCKH YHCTHIC CIIOCOOBI
VIOBJICTBOPCHHSI PACTYIUX YHEPreTUYECKUX MOTpeOHOCTel. Bo3oOHOBIsIeMbIle ncTouHuKH dHeprun (BUD), Takue kak cod-
HEYHasl, BETPOBasi, THAPOIHEPTHs, OMOra3 U reoTepMaibHasl YHEPTUs, HAXOAITCSA B ICHTPE 3THX yCWiIHd. B 3ToM KOHTekcTe
AaKTUBHO BHEIPSAIOTCS KOMOWHHPOBAHHBIE YCTAaHOBKHM Ha OCcHOBe BIID, KOoTOpbIe MO3BONIAIOT OJHOBPEMEHHO BHIPAOATHIBATH
3JIEKTPHUYECKYIO M TEIUIOBYIO YHEPTHIO, OBBIIIAs A((PEKTHBHOCTD M CTAOMIBHOCTD SHEPTETHIECKUX cucTeM. KoMOuHMpoBaH-
HBIE YCTAaHOBKHM Ha OCHOBE BO30OHOBIISIEMBIX HCTOYHHKOB YHEPTUH IPEACTABIAIOT cO00W MHHOBAIMOHHBIN U 3(PeKTHBHBIN
MOJXO0 K TIPOM3BOJCTBY SHEPTHH, OOBEANHAS HECKOIBKO CHCTEM €€ BBIPaOOTKM M WCIOJIB30BAHUS B €IUHBIN ITUKI. DTH CH-
CTEMBI ONTHMH3HUPYIOT MCIIONIB30BaHNE BO30OHOBIIEMON HHEPTUH JJISl IPOU3BOICTBA AIIEKTPOIHEPTHUH M TEIUIA, TEM CaMBbIM
TIOBEIMIAs OOIIYIO PHEPTEeTHIECKYIO 3((HEKTUBHOCT M YCTOHINBOCTE. OCHOBHOM KOHIICTIINEH SIBISETCS KOTEHEpanus — Ipo-
1IecC OIHOBPEMEHHOI'O MPOM3BOCTBA ABYX BHJOB DHEPIUU: MIEKTPHUUECKOM U TeIsIoBOH. B ciyyae BO30OHOBISIEMBIX HCTOY-
HHUKOB DHEPI'HHU ATOT NpoLecc 0OBIYHO MCIIOJIB3YET COIHEYHYIO, BETPOBYIO, OMOMaccy u reotepMaiibHbIe pecypesl. Hampumep,
¢doroanexrporepmudeckue (POT) conHeuHbIE CHCTEMBI COYETAIOT COJIHEYHbIE (POTOIIEKTPUUECKHE MaHENIH Ul BHIPAOOTKH
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3JIEKTPOIHEPTUH C COTHETHBIMH TEIUIOBBIMU KOJUIEKTOPAaMH IS TOJXYYEHHUS TeIria. AHAIOTHUYHBIM 00pa3oM, 3MEKTPOCTAHIINI
Ha OMoMacce W TeoTepMalibHbIC YCTAHOBKH CIIOCOOHBI BRIPAa0aTHIBATh KaK IEKTPHUECKYIO, TaK U TEIJIOBYIO SHEPTHIO, YIOBIIE-
TBOPSISt HOTPEOHOCTH POMBIIIIIEHHOT0, )KUJIOTO U CEILCKOXO035HCTBEHHOTO CEKTOPOB.

Knrwouesvie crosa: 6o300n061semvle ucmounuku snepeuu (BU3D), koeenepayus, smepeosghpexmusnocmo, snekmpuveckas
9Hepeusi, MEeN08as IHEPIUs, CONHEUHAs IHEP2Usl, BeMPOBAsL DHEP2Usl, OUOMACCA, 2e0MEPMATTbHAS IHEPSUSL.
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