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POTENTIAL FOR UTILISATION OF SOLAR IRRADIATION IN HEAT SUPPLY
SYSTEMS ON THE TERRITORY OF DONBASS

Abstract. The problem of efficient utilisation of energy resources is one of the key issues in the modern energy
industry. Annually increasing consumption of thermal energy requires more and more hydrocarbon fuel. One
of the ways to solve this problem is the use of alternative energy sources. The most accessible and reliable
source of alternative energy is the Sun. The use of solar energy will reduce the consumption of hydrocarbon
fuels without reducing thermal energy production. The thermal potential of the solar irradiation as a source
of thermal energy for solar thermal systems in Donbass has been analysed. Factors affecting the efficiency of
solar energy collection are considered, such as local climatological features, the time of 24-hour day and the
season, the angle of inclination and orientation of the absorbing surface.
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PROBLEM FORMULATION

The problem of efficient utilisation of energy resources is one of the key issues in the modern energy industry.
Annually increasing consumption of thermal energy requires more and more hydrocarbon fuel, the reserves of
which are not unlimited.

OBJECTIVE

Reducing the consumption of thermal energy from the combustion of fossil fuels through the use of alternative
energy sources, in particular solar energy.

BASIC MATERIAL

Rising energy prices and increasing negative impact on the environment make us reconsider our attitude towards
irrational use of traditional energy resources and pay attention to alternative energy sources. In the future, energy
supply should be based on equipment operation on renewable energy sources, which are available everywhere and
practically have no limitations. Undoubtedly, the most accessible and reliable source of energy is the Sun [1].

When utilisng solar energy, it is important to understand how much of the sun’s irradiation can actually be
utilized.

The intensity of solar irradiation outside the Earth’s atmosphere is practically unchanged and amounts to 1 367 W /m?
[2]. During its passage through the atmosphere, solar irradiation decreases due to various atmospheric phenomena.
Clouds are the main atmospheric phenomenon that determines the amount of solar radiation reaching the Earth’s
surface. Cloud cover reflects a certain part of solar radiation, while another part is absorbed by it. A significant
amount of irradiation is scattered in the atmosphere and clouds, creating scattered irradiation. Eventually most of
the irradiation, about 1 000 W /m?, reaches the Earth’s surface, where it is also partially reflected and partially
absorbed by it. The reflection of direct irradiation from the Earth’s surface also contributes to the creation of
scattered irradiation. Various anthropogenic and natural phenomena also reduce the amount of solar radiation
that reaches the Earth’s surface [1, 3].
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The sum of direct and diffuse solar irradiation is called total solar irradiation. The share of diffuse radiation in
the total radiation is on average about 50 % per year in Donbass somewhat less in summer and more in winter [1].

From the point of view of solar energy utilisation, an important factor is the irradiation power measured on a
particular surface (Table 1) [4]. To determine the amount of solar radiation actually converted into heat energy,
it is necessary to take into account the duration of irradiation of a given surface by the Sun (Table 2) [5].

Table 1 — Monthly total solar radiation on to the horizontal plane kWh/m?, for Donetsk

Month ¥
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
29,7 46,7 82,5 118,1 163,6 174,4 183,3 155,3 114,7 69,2 27,5 19,4 11844

Table 2 — Number of sunny days for Donetsk

Number of Month
days Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
clearly 3 4 7 11 13 16 20 23 19 16 11 4
cloudy 5 5 9 8 12 11 9 7 7 9 7 7
overcast 23 19 15 11 6 3 2 1 4 6 12 20

The amount of solar energy falling on the Earth’s surface changes due to the movement of the Sun. These changes
are determined by the time of the day and the time of the year. Usually more solar radiation reaches the Earth at
midday than in the early morning or late afternoon, because at midday the Sun is high above the horizon and the
path length of solar irradiation through the Earth’s atmosphere is shorter. Consequently, less solar radiation is
scattered and absorbed by the atmosphere, and thus more of it reaches the Earth’s surface. As a consequence of the
change of seasons, the length of the day changes in summer and winter, which, in turn, depends on the geographical
latitude of the area [1].

The city of Donetsk has coordinates 48 °N. Taking into account the angle of inclination of the Earth’s axis, it
means that on the 21-st of June the Sun is at noon at an angle of 65,4° to the horizon and the duration of daylight
is 16 hours 4 minutes. At noon on December, 21 the angle is 18,6° and the daylight hours are reduced to 8 hours 23
minutes [6].

The values of the total solar irradiation given in the normative literature refer to a horizontal surface. In the
case of an inclined solar collector surface, the angle of incidence of the sun’s rays changes, which in turn affects the
intensity of irradiation and the amount of energy absorbed. In order to maximize the efficiency of solar radiation
absorption by the solar collector, it is necessary to select the optimal angle of inclination, taking into account the
geographical location and the time of season [7]:

— for year-round solar installations, the optimum angle of inclination is equal to the geographical latitude of
the location;

— for solar installations operating in the non-heating period, the optimum angle of inclination is 15° less than
the geographical latitude of the location;

— for solar installations operating during the heating period, the optimum angle of inclination is 15° greater
than the geographical latitude of the location.

The average values of daily total solar radiation on the inclined plane depending on the mode of operation of
the solar installation for Donetsk are given in Table 3 [8].

Table 3 — Averaged values of daily total solar radiation, kWh/m? on an inclined plane for Donetsk

Number Month

of days Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
clearly 3 4 7 11 13 16 20 23 19 16 11 4
cloudy 5 5 9 8 12 11 9 7 7 9 7 7

overcast 23 19 15 11 6 3 2 1 4 6 12 20

Another key point that should be taken into account when determining the amount of solar radiation absorbed
is the orientation of the absorbing surface. For the territory of Donbass, the most effective orientation of the
surface will be in the southern direction. Figure illustrates the effect of orientation and inclination of the absorbing
surface on the level of incident radiation in comparison with horizontal placement of the absorbing surface.
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Figure — Effect of the angle of inclination and orientation of the absorbing surface on the value of total solar radiation.

Between the south-east and south-west directions with inclination angles between 25° and 70°, a zone can be
identified where the solar collector efficiency will be optimal [1].

CONCLUSION

Based on the study of available solar radiation resources on the territory of Donbass, it can be concluded that
there is a significant potential for the use of solar energy in heat supply systems on this territory. Realization of
this potential can lead to significant savings of traditional fuels due to their partial substitution by solar energy.

REFERENCE LIST

1. Kuwura o «Coummite». PyKoBoCTBO TT0 IPOEKTUPOBAHUIO CUCTEM COHeYHOTO TermocHabskenus / OO0 «Bucemans. —
Kues : «3maro-Tpad, 2010. — 195 ¢. — URL: https://geo-comfort.ru/images/PDF /Teplovie%20nasosy/Solnishko/
Kniga o_solnce.pdf (zata o6pamenus: 15.03.2024). — TekcT : 51€KTPOHHBII.

2. Dulffie, J. A. Solar Engineering of Thermal Processes, Photovoltaics and Wind / J. A. Duffie, W. A. Beckman, N. Blair. —
Hoboken, New Jersey : John Wiley & Sons Publ., 2020. — 928 p. — URL: https://zlib.pub/download /solar-engineering-of-
thermal-processes-photovoltaics-and-wind-2712fblmnc50?hash=44214bf39ce 105¢400cf7f225dab05e (nara oGpamienmust:
15.03.2024). — TeKcT : 2JIeKTPOHHBIIL.

3. The Future of Solar Energy: An Interdisciplinary MIT Study / R. Schmalensee, V. Bulovic, R. Armstrong [et al.]. —
[S. 1] : Massachusetts Institute of Technology Publ., 2015. — 356 p. — URL: https://www.infobooks.org/pdfview/
464-the-future-of-solar-energy-massachusetts-institute-of-technology/ (nara obpamenus: 15.03.2024). — Texcr : asiek-
TPOHHBI.

4. Tabmuna unconsunu s pacdera GIC. — Tekcer : saekrponnsiii // solbat.su : [caiit]. — 2015-2024. — URL: http://
www.solbat.su/meteorology/insolation (zata o6pamtenus: 15.03.2024).

5. Anyroud. — Texkcr : anexTponnsiii // anyroad.ru : [caiit]. — 2024. — URL: https://anyroad.ru/city/lonenx,/Joner-
Kasi-obsacth (nata obpamenus: 15.03.2024).

6. SunCalc — comHeuHslil KaabKyJaaTOp. — TeKCT : aeKTpoHHbIii // suncalc.org : [caiit]. — 2015-2024. — URL: https://
www.suncalc.org (nara o6parenus: 15.03.2024).

7. CucreMbl COJTHEUHOTO TeILIO- 1 XJanocHabkenus / P. P. Asesos, M. A. Bapckuii-3opun, 1. M. Bacuibesa [u ap.].;
nof pemakimeii J. B. Capuankoro u C. A. UncroBuva. — Mocksa : Ctpoitmazar, 1990. — 328 c. — TexcT : Henocpen-
CTBEHHBIH.

8. ConHeuHas pagualiyst 1Jisi HEKOTOPBIX TOPOIoB. — TeKcT : ajtekTponHblii // Tunepuon : [caiit]. — 2024. — URL: https://
giperion.biz/stati/solnechnaya_radiaciya dlya_nekotoryh gorodov/ (mara o6pamienus: 15.03.2024).

[Monyuena 02.05.2024
[TpunsTa 24.05.2024

H. B. IOJITOB, H. 6. AKOBEHKO, A. A. IOJIKOBHUKOB

I[TOTEHIIMAJ NCITOJIB3OBAHUA COJIHEYHOTO N3JIYYEHUA B CUCTEMAX
TEIJIOCHABXEHUA HA TEPPUTOPUUN JIOHBACCA

OTBOY BO «/lonbacckas Hal[OHAIbHAS aKaJeMUsl CTPOUTENbCTBA U aPXUTEKTYPbl», Poccuii-
ckast Menepanust, Jonenkass Hapoxnast Pecniy6imika, 1. 0. Makeeska, r. MakeeBka

Annoranus. [Ipobiema 3¢hGheKTHBHOTO UCIIOIb30BAHKS SHEPTOPECYPCOB SIBJISIETCS OHON U3 KJIHOYEBbBIX B
COBpeMeHHOI aHepreTuke. ExeronHo yBemunBaoiieecs oTpebJieHue TemIoBoil aHepruu TpebyeT Bee OoJIbIie
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YTJIeBOAOPOAHOTO TomnuBa. OIHUM U3 MyTel PelleHust Toi MPobIeMbl SABISIETCS HCIOTb30BAHUE
ATbTEPHATUBHBIX MCTOYHUKOB 3Heprun. CaMbIM JIOCTYIIHBIM U HAJIEXKHBIM UCTOYHUKOM aJIbT€PHATUBHOMN
sreprun sipjsiercst Cosnile. Vcnosnb30Banue COMHEUHOU IHEPTUU MO3BOJIUT COKPATUTD MOTpebieHue
YTJIEBOIOPOIHOTO TOILTHBA G€3 CHUKEHUsT BBIPAOOTKH TEIJIOBOiT aHepriu. B 1aHHOIT cTaThe MPOBE/IeH aHAN3
TeIJIOBOTO MOTeHIMaJa COMHEeYHOTO U3JIyYeHUs] B KauecTBe UCTOYHUKA TEIJOBOU sHEePTUU AJI
reJIM0TePMAJIbHBIX YCTAHOBOK Ha Tepputopru [onbacca. PaccMoTpeHbl pasiinyutbie (hakTopbI, BAMSIONIE
Ha 3¢ beKTHBHOCTD cOOpa COTHEYHON IHEPTUH, TAKHE KaK MECTHBIE KJIMMATOJOTIYECKHE YCIOBUSI, BPEMSI
CYTOK U BpeMs rojia, yroJl HaKJIOHAa U OpUeHTallUs HorJIoniaolell ToBepXHOCTH.

Kumouessle ciioBa: aibTepHATUBHbIE MICTOYHUKY SHEPTUH, COJTHEYHAS! SHEPTUsl, COJIHEYHOE M3JIyYeHue, Topsyee
BOJIOCHAGKEHNE, [IEHTPAIM30BAaHHOE TEMIOCHAGKEHNE.

Hoiros Huxomnaiit BUKTOpOBHY — KaHM/IAT TEXHUYECKUX HAYK, IOIIEHT Kadepbl TEIIOTEXHUKH, TETJIOTa30CHAOKEHUS 1
perTrasAy OTBOY BO «/lonbacckas HalMOHAIbHAST aKaeMEsl CTPOUTEIBCTBA M apXUTEKTYPbl». HayuHble MHTEPeCHI:
aHepropecypcocOepekenne B CHCTEMAaX TeIJIOra30CHAOKEHNST U BEHTHIISTTUIL.

SAAxoBenko Huna BornanosHa — crapumii npenogaBatesb Kadepbl THOCTPAHHBIX SI3bIKOB U MEJAarOTUKY BBICIIEH 1ITKO-
a1 DTBOY BO «/loHbacckast HAIMOHAIbHASL aKaJIleMUsI CTPOUTEILCTBA U apXUTEKTY pbl». HayuHble MHTEPECHL: Hearo-
T'MKa BBICHIEN IIKOJIBL.

IToaKOBHHMKOB AJleKceil AHAPeeBHY — aCCUCTEHT KaeApbl TEIIOTEXHUKH, TeIIorasocHabxkenus u eHtuasuun GTBOY
BO «/lonbacckasi HAIMOHATbHAST AKAIEMIISI CTPOUTEBCTBA U apXUTEKTYPbI». HayuHble mHTEpECHT: 9Hepropecypcocoepe-
JKEHUE B CHCTEMAX TeIIOra30CHAOKEHUS 1 BEHTHIISIIUIL.
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