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THE INFLUENCE OF THE GEOLOGICAL AND HYDROGEOLOGY OF THE
BANJALUKA AREA ON THE EFFICIENCY OF LOW ENTHALPY
SUBGEOTHERMAL SYSTEMS

Abstract:

Low-enthalpy subgeothermal energy represents one of the most stable and environmentally friendly
renewable energy sources for heating and cooling buildings. The efficiency of these systems largely
depends on the geological and hydrogeological characteristics of the soil in which the geoprobes are
installed in the case of the "soil-water" system or the wells in the case of the "water-water" system.
This paper analyzes the influence of the lithological composition, structural relationships and
hydrogeological conditions of the Banja Luka area on the characteristics of low-enthalpy
subgeothermal systems. Special attention is paid to the role of groundwater in the heat transfer
process, as well as differences in the suitability of the terrain for the application of wells and
geoprobes. The results of the paper indicate that alluvial sediments and zones with developed
hydrogeological circulation have significantly more favorable conditions for the application of these
systems compared to compact rock masses with low permeability.

Keywords: Low-enthalpy subgeothermal energy , well, geoprobes

YTHUIAJ T'EOJIOIKE U XMUAPOI'EOJIOIKE I'PABE IOAPYYJA
BAIBAJIYKE HA E®OUKACHOCT CYBI'EOTEPMAJIHUX CHUCTEMA
HUCKE EHTAJIIIMJE

Ancmpakm:

CybreorepMaiiHa eHeprija HUCKE €HTANIHje MPEICTaB/ba jeaH O] HajCTAOMIHUjUX M €KOJIOIIKH
HajTIpUXBAT/bUBUjIX OOHOBJBMBHX HM3BOpa CHepruje 3a morpebe rpujama n xiahema objekaTa.
EdukacHOCT OBHX cHCTEMa y BENHKO] MjepH 3aBHCH OJ TEOJIOMIKAX MU XHIPOTEOIOIIKUX
KapaKTepUCTHKA TJa Y KojeM Cy yrpaljeHe reocoHIe ako je y MUTamky CHCTEM '"3emiba-Boma" W
OyHapH aKo je y MUTamky CHCUTEM "BoJa-Boma". Y OBOM paly aHAIM3UPAH je YTHIA] JTUTOIOIIKOT
cacTaBa, CTPYKTYPHHX OJHOCA M XHAPOTEOJIONIKHX YCIIoBa MoApy4ja bamanyke Ha KapaKTepuCTUKE
cyOreoTepMamHuX cHCTeMa HUCKe eHTaimmuje. [loceOHa makma mocBehieHa je yno3u MOI3eMHHIX
BOJIa Y MpoLieCcy MpeHoca TOIUIOTE, Kao U pa3iiMKaMa y MOTOJHOCTH TepeHa 3a NpHMjeHy OyHapa
reocoHau. Pesynratm paga yka3yjy Ja anmyBHjaJlJHA CEIWMEHTH W 30HE Ca Pa3BHjCHOM
XHUIPOTEOIIONIKOM IIUPKYIIAI[HjOM UMa]y 3HAYajHO MTOBOJHHHU]E YCIIOBE 32 TIPUMjCHY OBHX CHCTEMA Y
OJTHOCY Ha KOMIIAKTHE CTHjEHCKE Mace ca ci1adom mporrycHomthy.

Kwyune pujeuu: cybceomepmanna enepeuje Hucke enmannuje, OyHap, 2eoconod



1. YBOJ

[Nopact moTpolImke eHeprije, 3aBUCHOCT 0] GOCHIHUX TOpHBa U MOTpeOa 3a CMAmbEHEM SMHUCH]E
racoBa ca eeKkToM cTakiIeHe OalTe yCIOBHIM Cy MHTEH3UBHHU)H pa3Boj U MPHMjEeHY OOHOBJbUBUX
nu3Bopa eHepruje. Mel)y muma, cyOreorepMmaiHa €HEprHja HUCKE EHTAINHUje 3ay3uMa IT0CceOHO
MjecTo 300T CBOje TOCTYITHOCTH, CTAOMITHOCTH M MOTYHHOCTH KOHTHHYHPAHE CKCILTOATAIIN]Ee TOKOM
[IHjee ToIUHE.

3a pasnuKy 0J1 KIACHYHUX TeOTepPMATHUX CHCTEMa BHCOKE SHTANIHje, CyOreoTepMallHi CUHCTEMHU
KOPHCTE PEIATUBHO KOHCTAHTHY TEMIIEpPATYpy T/Ia Tj. IUIMTKHX TEONOMIKUX CJI0jeBa M MOA3EMHUX
Boja, Hajuemrthe no aybmna on 100 m. EduracHocT 0BHX cucTeMa He 3aBUCH HCKIJBYYHBO OJ
TEeXHUYKHX KapaKTepHCTHKa ompeme, Bel y BENHKOj MjepH OJ MPUPOJHUX YCIIOBA CPEAUHE,
NPBEHCTBEHO I'€OJIOIIKE U XUAPOTeoIoNike rpale Tepena.

[onpyuje bamanyke, cMmjemteHo y J0IMHU pHjeke Bpbac u OKpyXKeHO Op/ACKO-TUIAHHHCKUM
MacHBHMMa, KapaKTepHUIlle CIIOXKEHa TeONOMIKa CTPYKTYypa U H3paKeHa XETEePOreHOCT
XHJIPOTEONOMIKUX ycinoBa. OBakBe KapaKTEPHCTHKE YMHE OBO MOJPYYje MOTOJHHUM 3a aHAIHM3Y
yTUlaja NpUpoHUX (akTopa Ha e(hUKACHOCT CyOreoTepMaIHUX CHCTEMa HUCKE EHTaITH]e.

2. CYBI'EOTEPMAJIHU CUCTEMH HUCKE EHTAJIIIUMJE

CyOreorepMaliHi HM3BOpU €HEpruje MpPEICTaBJbajy BHJ XHPOTEOTEPMalHE E€HEpruje HHUCKE
eHTaJINHuje, aKyMyJIMpaH y MoJ3eMHX Bojama Temnepatype 1o 30°C u umja je ekcruiaotanuja u
KOpHIIhemne YCI0BIbEHO MPUMjEHOT TeOTEPMATIHUX TOTIOTHUX yMmIH [1].
Excrutaoranyja cyoreotepMaiHe eHeprije ce Hajuenhe peaiusyjy y KOMOMHAIM]U ca TOIUIOTHUM
IyMIama THIIa 3eMJba—BO/Ia WIIH BOJIa—BOJA.
Y 3aBHCHOCTH O] HauMHa IIpey3HMara TOIUIOTe CyOreoTepMaIHu PeCypeH ce MOTY MOJjeIUTH Ha!
e Ccy0-xuaporeoTepMajHe pecypce ca Iije ce y CHCTeMY KOpHCTe MOI3eMHE BOJIe
e Cy0-meTporeoTepMaiHu pecypce ca KopuIhemeM TOILUIOTHOM E€HEPrujoM W3 CTHjeHa
(XOpU3OHTAIHM KOJIEKTOPH, TOCTaBJLEHH Ha AyOMHaMa 10 2 m U BEPTHKAIHHU KOJIEKTOPH
(reoconze), yrpahenu y Oymorutne Hajuenthe gyoune oko 100 m.
3nayvaj kopuuihema cyOreorepmaliHe eHepruje HUCKe eHTalMuje, oriesa ce y cibenehem [1]:
e JlomsemMHe BoJEe Kao HOCHOLM CyOreorepMmaiHe eHepruje cy "nmake" 3a 3axBarame, a
€HEePreTCKU pecypc je jeTHH 3a pa3Boj U eKCILUIOATaIIH]y

e KopucTH ce IOKaJHO PACIIONOKUB CHEPTETCKH OOHOBIBHB PECYPC KPO3 PEIATHBHO IPOCTY
TEXHOJIOTH]Y

e Moryha koH3epBauuja QocunHuX ropuBa (HadTa, TPUPONHHM Tac) EHEPreTCKH
OOHOBJBMBUM BHJIOM EHEpIHje
[oBehame y caM0/10BOJBHOCTH U OAP>KUBOCTH TTOTPOIIIHE SHEPTH]je
[NoBehame KBayMTETa CTAba )KUBOTHE CPENMHE, KPO3 CMAKBEHa OJHOCHO KPO3 PEdyKIHUjy
mreTHe eMucHje racoa oyt CO,, CO, SO,

e [loGospmiame HAIIMOHAIHOT HMHALIA Y jaBHOCTH (oMahoj U CTpaHOj) JIOKaJHe BIACTH KOja
KOpPHCTH OOHOBJBHBE EHEPreTCKe pecypee

e OuHAHCHjCKA YIITEAA YCIBEI CMaheha Ha0aBKe YBOSHUX (DOCHITHUX TOPHBA

e VBoheme mpuHIHIIA " OJPKUBOT pa3Boja’, CTaJbamke ONIITHHA Ha EBPOICKY MaITy TpajoBa
YHja JIOKaJHAa BJIACT MPUM]jEHYje eKOJIOIIKN IPUCTYI INTaHupamy Oyayher pa3soja

e Pa3Boj TypHCTHUKE MTOHY/IE OIMIITHHA KPO3 MPOorpamMe Kopuiinema TepMaTHUX BOd IOMYT
"cma eHTapa" U CIMYHO.

3. TEOJIOIIKA I'PABA YPBAHOI IOJAPYYJA BAIBAJIYKE "
XUJAPOTI'EOJIOIKA ®YHKIIMJA CTUJEHA

[IpuimkoM XUAPOTEOIONIKOT pejoHIpama ypoaHor noapydja bamanyke y 003up je morpebHo y3eTn
JUTOJIONIKA CacTaB KapTHPaHUX jEAMHWIA, TEKTOHCKH CKJION TepeHa, TIeoMOpQOIIONIKe
KapaKTEpUCTUKE, TUIMOBE U3JAHU U BUXOBO PACIPOCTPABEHE, 3aTUM BHUXOBY U3/AIIHOCT, YCIOBE
MIpUXpamuBaba U IpeHUpaba MOA3EMHHX Boja [2].
Ha ocHOBY HaBeneHMX YMHMIIANA, HA MCTPAXKHOM MPOCTOPY Cy HM3/BOjEHE IpyIe CTHjeHa MpeMa
CTPYKTYPHOM THITy TOPO3HOCTH ca oApel)eHNM CTereHOM BOAOIIPOITY CHOCTH:

e crujeHe Meljy3pHCKe OPO3HOCTH 100pe BOAOMPOITYCHOCTH

e crujeHe Meljy3pHCKe IOPO3HOCTH CPEIhE BOJOIPOIYCHOCTH



cTUjeHe Mel)y3pHCKe MOPO3HOCTH ciiabe BOAOMIPOIYCHOCTH

CTHjeHe KapCTHE IOPO3HOCTH 100pe BOAOIPOITYCHOCTH

CTHjeHe KapCTHE OPO3HOCTHU cj1abe BOIOIPOIYCHOCTH

CTHjeHe KapCTHO MyKOTHHCKE MOPO3HOCTH CPEAEHE BOJOMPOMYCHOCTH
CTHjeHe MyKOTHHCKE TTOPO3HOCTH CPE/IEbe BOAOMPOITYCHOCTH

CTHjeHe MyKOTHHCKE IIOPO3HOCTH cliabe BOJOMPOMYCHOCTH

YCIIOBHO O€3BO/IHE CTHjeHe ciiabe BOJOMPOMYCHOCTH.

Crujene meljy3pHcke nopo3nocTu
CrujeHe Mely3pHCKe TOPO3HOCTH ITPEJICTaBIbajy CEAMMEHTHE CTHjeHE KOje Cy HACTAJIe y MPOLECY
allyBHjaJIHE CeMMEHTAI]je, Te Kao MPOAYKT CEIMMEHTAIMje 000HMX Iporeca. Y 3aBHCHOCTH O]
NpoLEHTyaJ HOr ydemtha TITMHOBHTHX (pakiyja, BOAOMPOIYCHOCT OBUX CTHjeHA ce MUjema. Y
OKBUPY XHJPOTCOJIOIIKE PEjOHM3AIMje H3ABOjEHe Cy TpU KaTeropuje cTHjeHa Mely3pHCKe
HIOPO3HOCTH:

e CrujeHe Mel)y3pHCKe TOPO3HOCTH AOOPE BOAOIPONYCHOCTH:
VY oBy rpyny ce yOpajajy atyBHjaJ HU CEANMEHTH MPEICTaBJbeHH NIUbYHKOBUTHM CEIMMEHTUMA Ca
JNOOpUM (UATPALIIOHUM KapaKTepUCTUKaMa Kao U CUIapu. Y OBUM CTHjeHaMma ce hopMupa 301ujeHa
M3/1aH ca CJI000IHUM HHBOOM ITOJ3EMHHX BOJA.

e CrujeHe Mel)y3pHCKe TOPO3HOCTH CPE/IEHE BOAOIPOIYCHOCTH:
OOoHu aro Oamanydyke KOTIMHE OHO je 1Mo/ yTHliajeM 000HUX MaJAMHCKUX Mpolieca AeHyAalHje.
Ha Ttaj HauuH, 000aHM qHO KOTIMHE M3rpal)yjy cTHjeHe M3/IBOjeHe Kao JeJTyBHjallHO aTyBH]jaHH
WIM TIPONYBUjaJIHO alyBHjIHM CEAMMEHTH. Y OBHUM CTHjeHaMa aJyBHjaJHH CEOUMEHTU Cy
U3MUjelIaHy ca CyCIIeHJI0BaHUM ITITMHOBUTHM MaTepHjaJIoM KOjH je ,,CIIPaH" U3 BUILIMX XOPU30HATA.
Ha Taj HaunH oGoxnu auo Oamanydke KOTJIMHE je u3rpaljeH o cTujeHa koje umajy cialuje
¢GunTpanyoHe KapaKTepUCTHKE, a UCTH CTPYKTYPHH THI IOPO3HOCTH. Y OBY KaTE€OTpHjy Cy
CBPCTaHU U 1IUbYHKOBUTO-I[jECKOBUTH CEJJMMEHTH je3epcKux Tepaca (alt)

e CrujeHe Mely3pHCKe TOPO3HOCTH ciiabe BOAOIPOIYCHOCTH :
Crujene Mely3pHCKE MOPO3HOCTH KapaKTEPUCTUYHE MO CJIA0UM BOJOPOIYCHUM CBOjCTBHMA CY
NpoJIyBUjaliHe JIere3e, JAeNyBHjaHH 3aCTOpPU M JpYyre CTHjeHe KOje MMajy BEJIMKH IpOoleHaT
TIIMHOBHTE (paknuje. Y OBUM Haclarama jaBjba ce T3B. ,,yKpIITeHa ceMMEeHTalrja* Koja ce jaBiba
KOJI IEpHOANYHUX OyjUYHUX TOKOBA Tj. TOKOBA KOJU YECTO MHjEHhajy MPOTHUIIA], a HA Taj HAYH U
yCIIOBE CeIMMEHTAIIH]e.
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CTHjeHe KapcTHe MOPO3HOCTH
KapcTHa mopo3HoCT ce pa3BHja caMo y KapOOHATHHM CTHjeHaMa K 3aBHCH OJ1 CTEIEeHa MOTIOKHOCTH
CTH]jEHE XEMH]CKOM PacTBapamy.
CTujeHe KapcTHE TMOPO3HOCTH Cy Takohe M3[BOjeHE Y JBHje Tpyme MpeMa CTeleHy
BOJIONPOIYCHOCTH U TO:

e (CrHjeHe KapCcTHE MOPO3HOCTH A00pe BOJOMPOITYCHOCTH:
VY oBy rpyny ctijeHa yOpajajy ce YMCTH Kpedmalld KOju IOKPUBAjy YIJIaBHOM jY)KHH IO Tpaja
Bamanyke. Epo3nonu 6a3uc y 0BOM JHjeNy TepeHa je jako JyOOKO U epo3HOHY 0a3y Mpe/IcTaBiba
Bp6ac. Ha oBoM 1ujeny TepeHa n30cTajy u3Bopr. O NPHCYTHUX U3BOPA, CBUACHTHPAHH CY CaMO
NpPETUBHE TPABUTAIIMOHH, Tj. KOHTAKTHH M3BOpU. CTPYKTYpa KpeUmhadyKuX Maca 3ajujeske UCIOJ
HEOTCHUX ceJuMeHaTta Oamanyuke KoTiauHe. C 003MpoM Ha BEJIMKO MPOCTPAHCTBO KPEUmhaka, OBE
Haclare TIpeCTaB/bajy jako HU3JAIIHY CPeOUHY 3a aKyMyJlHpame [OJ3eMHUX BOJA.
Pacmipoctpamere Kpeumaka y mnpodmily HHje y TOTOYHOCTH HCTpaxkeHo. Ha OCHOBY
XHJIPOTEOJNIONIKE aHAIM3e CMaTpa ce Ja Kpeumald MOTy jaa o0e3dujene JO0BOJbHE KOIMUYKHE
NOJ3eMHHX BOZA Koje Ou ce y OyayhHOCTH MOTjle KOPHCTHTH 33 BOJOCHAO IH]eBatbE.

e CrHjeHe KapCTHE MOPO3HOCTH ClIabe BOAOMPONYCHOCTH:
VY oBy rpymny ctujeHa yopojaHe cy kapOOHaTHE CTHjeHEe Y KOjUMa Ce jaBJbajy POCIOjIU JOJIOMHUTA
KOJH TIPEJICTABIba]y XUAPOTEOJIONIKY Oapujepy, ra JUPEKTHO YTHUY Ha Pa3Boj KapCTHOT mpoleca. Y
oBUM Hacnarama ogHoc Ca 1 Mg je paBHOMjepHHU]H, 1 je 1 IpoLec KapcTH(HUKalje Mambe pa3BUjeH.

CTHjeHe KapCTHO MYKOTHHCKE MOPO3HOCTH

VY oBy rpyny crujeHa yOpajajy ce CTHjeHe Koje Cy MO XeMH]CKOM cacTaBy KapOOHaTHE M MMajy
CBOJCTBO PacTBapama, a UMajy IPUCYTHY MyKOTHHCKY MTOPO3HOCT. Y OBUM CTHjeHaMa IO/ yTULajeM
XEMHjCKe epo3Hje MMyKOTHHE IPepacTajy y KaBepHe Tako Jia ce UPKyJIaliija MoA3EMHUX BOJIa Be3yje
3a CTpyjama Kpo3 KaBepHe W IMpCIMHE WM NMyKoTuHe. 3060r cBor oxHoca Ca u Mg kpeumany u
JIOJIOMUTH UMajy ciiada CBOjCTBa pa3rpaiibe, TaKo Jia OAroBapajy OMKHCY OBE KaTeropHje CTHjeHa.

CTHjeHe NYKOTHHCKE NOPO3HOCTH
[TykOTHHCKM THI H3JaHU je IpeMa CTeIeHy BOJOIPOILYCHOCTH IIO/IHjeJbeH Ha:

®  cpenmy BOJIONPOIYCHOCT (Y OBY IpyIly yJia3ze MarmaTcke U Metamop(dHe cTujeHe- aujadas,
NEPUIOTUT, TAOPO U CEPIIEHTHHUT);

e cnaly BojomponycHocT (y OBy Ipymy cnanajy (UIMIIHE Haciare KoJ KOjuX IOMUHHpA
IIyKOTHUHCKa MOpo3HOCT. Takohe, y OBy Ipyly cy CBpCTaHE M JOJOMHTHE Hacjare ca
MPOCIIOjIIMMA KPEeUhaKa).

OBa W3maH ce TeHEepajJHO He KapaKTepHlle BEIUKMM KOIMYMHAMA IOA3EMHHUX BOJAA, alu je
KapakTepulle CTaOMIHOCT KBAJIUTATHBHUX W KBAaHTHUTATUBHUX KapaKTepUCTHKA. Boxe oBe m3nanu
Cy BaJO3HOT MOpHjeKsa, a UCTUIame ce y HajBehoj Mjepu o0aBjba TPEKO H3BOpA KOJU CY
u3namHocTy 10 1 1/s.

YciaoBHo ''0e3BoAHO"' OApYYje

YcnoBHO "0e3BoHU" [IMjEIOBH TePEHA Ce KapaKTepHuIly ciaboM BojomnpomycHourhy, a GopMupaHu
cy y cibenehnM ceMMeHTIMa: MHOLICHCKH JIATTOPH, TJIIMHE U MjeCKOBH Kao M MUOLICHCKH JIallOpH,
JIATIOPOBUTH Kpeumbally, pujehe rimHe u yrasb, Te KOMIUIEKC 1ujada3 poxHe dpopmaryje.

4. YTUIIAJ T'EOJIOIIKO-XUAPOTI'EOJIOIIKUX ®PAKTOPA HA
E®PUKACHOCT CUCTEMA

EdukacHOCT CyOreorepMaiHHX CHCTEMa HECKE CHTANNHjE Y IUPEKTHOj j€ 3aBHUCHOCTH O]
KOMIUTIEKCHOT Mel)yzjenoBama reoIOMKIX U XUAPOoreoomkux (akropa. OBu daxropu ompelyjy
MOryhHOCT akyMyJIalfje TOIUIOTE y TIIY, HHTEH3UTET BEHOT MIPEHOCa, Kao M JyTOPOUHY TePMUYKY
CTaOMITHOCT CHCTEMA.

4.1. YTULAJ JIMTOJOWKOI' CACTABA

JIuToNOIIKN cacTaB Tia W CTHjeHA NPE/ICTaB/ba OCHOBHM TEOJIOIIKK (DaKTOp KOjH yTH4YE Ha
TepMHYKa CBOjCTBA CperHE. AyBHjaJIHU CETUMEHTH, KOjH Cy IIHPOKO PACIIPOCTPAEHH Y JOIMHA
pujexe Bpbac, kapakTepuily ce BHCOKOM IOpo3HOIINY M MPOMjeHJEMBHM T'PaHyJIOMETPH]CKUM
cacraBoM. [IpucycTBO mujecaka M nUbyHKOBa omoryhaBa noOpy HUMpKyJamujy MOJ3eMHHUX BOJa,
mTo 3Ha4ajHO nosehasa eukacHOCT MpeHoca TOILIOTE.



KommakTHe CTHjeHCKe Mace, MOMyT KapOOHATHUX M KIACTUYHUX CTHjeHA, UMAjy HIKY MPUMapHy
MMOPO3HOCT, aJi y CJIy4ajy pa3BUjeHe MyKOTUHCKE U KaBEPHO3HE MOPO3HOCTH MOTY IPEICTaBIbaTH
MMOBOJbAH MEJIH] 3a YIpaJiiby BEPTHKATHUX KoJiekTopa. lbuxoBa Beha 3anpeMuncka Maca JOMPUHOCH
aKyMyJalldju TOIUIOTE, ajd y3 OTPAaHMYEH KalallUTeT HeHOr OOHaBJbarbha y OJICYCTBY AKTHBHE
nUpKyJandje Gryuna.

4.2. TOIIJIOTHA MPOBOA/BUBOCT U TEPMUYKA CTABUJIHOCT

TorutoTHa MPOBOAHOCT TIIa 3aBUCH OJ1 MUHEPAJIHOT CacTaBa, BIAXXHOCTH U 30Mj€HOCTH MaTepujana.
Bnaxna Tia u ctHjeHe ca BehuMm ynjesioM Bojie MMajy 3HATHO Behlly TOIUIOTHY MPOBOIHOCT Y
nopehemy ca cyBuM cpemuHama. Ha moapydjy bamanyke, HajlmOBOJBHUjH YCIOBU MPUCYTHH CY Y
HUCKUM aJlyBHjaJIHUM 30HaMa, TJ[je CE30HCKE OCLUIIAIN]e TeMIIepaType Tia UMajy MarmbH yTUIaj Ha
pan cuctema.

Tepmuuka cTaOWIIHOCT Tia NpeACTaBJba BakaH Mapamerap 3a JyrOpo4HY eKCIUIOaTalujy
cyOreorepmaiHuX cuctemMa. Y cpeinHama ca HENMOBOJbHHM I'€OJIOIIKHM YCJIOBUMa MOXKE J0hu 10
JIOKaJHOT XJial)ewa Tia ycibe]] HHTeH3MBHE eKCIUIoaTaluje, ITo pe3yaTHpa MajoM KoeuirjeHTa
nephopMaHCcH cucTema.

4.3. YJIOT'A XUJIPOTEOJIOHIKHUX YCJIOBA

Xuporeosiomky (akTopu MMajy NMpecyaH 3Hadaj 3a epUKacHOCT CyOreoTepMajHUX CHUCTEMa
HHUcke eHTanmuje. [IprucycTBo noa3eMHux Bojia oMoryhapa npeHoc TOMIOTe KOHBEKIM]OM, YHME Ce
3Ha4yajHO nmoBehaBa eHepreTcKH MoTeHIMjan cucrema. CiIo0OTHHM U MOJy3aTBOpPEeHH akBU(eEpH Y
aNyBHjATHUM ceiuMeHTHMa bamanyke omoryhaBajy crabuiiHe panHe yciiose U Behe BpujerHocTH
ce3oHcKor koedunumjenrta edukxacuoctu (COP).

VY mnozapydjuma ca ciabuje pa3BUjEHHM XHJPOTCOJIONIKMM YCJIOBMMa, Kao INTO Cy OpACKU U
Y3BUILECHU JIM]EJIOBH TepPEHa, €UKACHOCT CUCTEMA je OrpaHMYeHa yCJhell Malie MPOIYyCHOCTH M
criopor oOHaBJbarba TOIJIOTE. Y TAKBHM YCJIOBUMAa HEOIXOAHO je MakKJbUBO IMMEH3HOHHCAE
cucreMa 1 u300p oJroeapajyhe Texnomnoruje.

4.4. YTUHAJ CTPYKTYPHUX EJIEMEHATA

TexToHCKM eneMeHTH, MONYyT pacjela M MyKOTHHA, MMajy 3HayajHy yiory y Qopmupamy
XHUJIPOTEOJIONIKUX MyTeBa U AUCTPUOYIIM]U MTOJ3EMHUX BOJIa. 30HE pacje/iamha YeCTO MPEeACTaBIbajy
MOBOJBbHE JIOKAIIWje 32 YIpajiihy BEPTHKAJIHUX Fe€OCOH M, jep omoryhasajy mosehan noTok duynaa
Y UHTCH3UBHUJH IIPEHOC TOIUIOTE.

MelyTuM, MPHCYCTBO H3PaKCHHUX CTPYKTYPHHX MHCKOHTHHYHTETA MOXE MPEACTaBbAaTH U
orpannyaBajyhu ¢axrop y noriaeny crabMIHOCTA OyHNIOTHHA M 3allITUTE MOJ3EMHUX BOJA, IITO
3axTHjeBa J0IaTHE Mjepe TEXHUYKE M €KOJIOIIKE KOHTPOJIE.

4.5. YTHUIAJ I'EOJIOIIKO-XUJIPOI'EOJIOIIKUX ®AKTOPA HA U350P THUITA
CUCTEMA

AHanm3a TeOoJOMKO-XUAPOTEONOMKIX KapaKTepucTHka oMoryhaBa onTHMallaH u300p THIA
CyOreoTepMasHOI CHCTEMa M HETOBO IPABIIHO IMMEH3HOHHCAame. Ha OCHOBY JHMTOIOLIKOT
cacTaBa, HUBOA [TOJI3EMHIX BOJIa M MHTCH3UTETA BIXOBE IUPKYyJIanuje, Moryhe je neuHucaT 30He
ca pa3IMYUTUM CTEIIEHOM ITOTOAHOCTH 32 IIPUMjEeHY TOjeJMHNX TEXHOJIOTH]a.

VY anyBHjaJHIM 30HaMa Ca BHCOKMM HHBOOM IIOJI3€MHHX BOJA U DPa3BHjEHUM CIO00IHIM
akBu(eprMa, cyOreoTepMalHM CHCTEMH THIIA BOJa—BOJA M BEPTUKAIHU KOJICKTOPH IIOKa3yjy
HajBUIIe BPUJEJHOCTH CE30HCKOT KoeduimjeHTa meppopMaHcH, Koje TpeMa IJOCTYITHHM
HCTpaxuBamuMa NocTiKy BpujeaHoctd COP > 4. OBm cuctemu 00e30jelyjy crabmiman pan u
e(uKacaH IPEHOC TOIIOTE TOKOM IIHjeJIe TOIMHE.

Ha tepeHnMa ca orpaHHYeHHM XHIPOTEOJOMIKMM MOTEHIHM]aJIoM, ITOMyT OpPACKUX M Y3BHIICHUX
JMjenoBa noapydja bamanyke, OroHMjH Cy XOPU30HTAIHH KOJICKTOPH HIIH BEPTHKAJIHE TEOCOH/IE
Behnx mgyOunHa. Y TakBUM yCIIOBMMa HEOIMXOAHO je 00e30ujerquTy Behe moBpImHE Wil TyOJbe
OymoTnHe Kako Ou ce m30jerao maj e(QUKacCHOCTH YCJbel JIOKAJTHOT MCIPIUbHUBAaEma TOIJIOTHOT
TTOTEHITHjalia Ti1a.

WHTerpanyja TeosOMIKMX W XWAPOTEONOUIKMX TMojaraka y ¢a3u IulaHupama omoryhasa
pammoHanHO Kopuinheme cyOreorepMaliHe €HEPrHje, CMambeHe HHBECTHIMOHMX TPOIIKOBA H
noBehame AyropovHe moysmaHocTu cuctema. CBeoOyxBaTHa aHajn3a OBUX (pakTopa mpencTaBiba
OCHOBY 32 €KOJIOIIKH IIPUXBATIFMBY U €HEPreTCKH e(PUKACHY IPUM]jeHY CyOreoTepMalHUX CUCTEMA
HUCKE EHTANIIHje.



5. HPEIVIEJ THIIMYHUX BPUJEJHOCTHU TOIIJIOTHE
MMPOBOA/bBUBOCTHU CTUJEHA U OYEKUBAHA EHEPTETCKA
N3JAHTHOCT COHAM

5.1. BPUWJEJHOCT TOIIJIOTHE NPOBOJUbUBOCTHU CTUJEHA

VY Tabenu 1 mar je mperviex THIMYHHUX BPHjEIHOCTH TOILIOTHE MPOBOJUBUBOCTH (A) 3a Hajuemrhe
JIMTOJIOIIKE TUIIOBE peJeBaHTHE 3a nojpydje bamanyke. Ilpukaszane BpHjeAHOCTH IIPEACTaBIbajy
UHTepBajle Ipey3eTe W3 MehyHapolnHe CTpyuHe JUTepaType M OJHOcEe ce Ha yoOudajeHa
HUHXEHEePCKO-Te0JI0IIKa CTabha CTHjeHa.

Tabena 1. Tunuune pujedHoCmu MonIOmMHe NPOBOOHLUBOCHIU CIIUJEHA HA
mepumopuju ypoanucmuuxoe naana barwa Jlyke [1], [4], [5]

TomnorHa
Bpcra ctujene MPOBO/JBMBOCT | XHUAPOTeOoJOIIKe KapaKTePUCTHKE OnmTa norogHoCT
A [W/m-K]

[byHak 2,5-3,0 Bucoka mopo3HOCT ¥ MPOMYCHOCT Bpiio noopa

(3acuhen)

[Mujecax 1,7-2,5 Ywmjepena 10 100pa nponycHOCT Hobpa

I'muna 0,8-1,3 Cnaba nporycHOCT, BUCOKa Ymjepena

BJIYKHOCT

Kpeumak 2,3-39 KaBepHo3Ha MOpO3HOCT Jobpa 1o Bpio modpa

Honomut 2,3-39 ITykoTHHCKa 1 KaBEpHO3HA Jobpa no Bpiio nodpa
HOPO3HOCT

Jlammoparg 1,2-2,0 OrpannueHa mpomycHOCT Ymjepena

[Mjeurgap 2,0-3,5 [TykoTHHCKA TOPO30HOCT, YECTO Jobpa
BOJJOHOCHA

Konrmomepar 2,3-35 ITyxoTHHCKa MOPO3HOCT, BUCOKA Jobpa
IPOIYCHOCT

Hujabas 2,0-2,6 Crnaba npumapHa, JIOKaiHa Jobpa
IYKOTHHCKA

Ampuboaut 2,0-2.8 Crnaba mpumapHa MOpO3HOCT UzyzetHa

[lepunotut 2,5-45 Bp:o mana moposHocT Bpio no6pa

Poxxnarg 4,0-6,5 MuHnManHa mTOpo3HOCT Jobpa no Bpiio nodpa

Hujabaz—poxxHa 2,5-5,0 XereporeHa, 3aBUCHA OJ1 yjernia Ho6pa mo Bpio mobpa

dhopmarmja M0jeTMHNX WIAHOBA

Ha ocHOBY HaBeeHUX BpHjeIHOCTH jacHO je Ja CTHjeHe OoraTe KBapIoM M BOJOHOCHH CEIUMEHTH
00e30jehyjy HajIoBOJbHHjE TepMHUKE YCJIOBE, JOK CiladWje MPOMyCHE CpeAuHE 3aXTH]eBajy
KOH3EPBATHUBHH]jE MIPOjEeKTHE MMapaMeTpe.

5.2. OYEKUBAHA EHEPIT'ETCKA U3JAITHOCT COH/IN

3a mpoljeHy eHepreTCKOT MOTEHIHjaja BEPTHUKAIHUX CyOreoTepMaTHUX COHAM KOopumheHHu Cy
pedepeHTHH orce3n crenu(pUYHE TOIDIOTHE CHAare mo MeTpy corze q (W/m), mpema mpenopykama
VDI 4640 m cpomHOj €BpOIICKO] mpakcH. Ha OCHOBY OBWX BpHjEAHOCTH NpPOIHjCHEHA je
WHCTAJIMCAaHa CHATa W TOJMINA KOIMYHMHA TIpey3eTe ToioTe 3a couay ayomae 100 m. Fomumrma
KOJIMYMHA TMPEy3eTe TOIUIOTE 3aBHCH 0J Opoja eKBHBAJICHTHUX IYHHX paJHUX caTH. Y pamy cy
npuka3ane asuje Bapujante — 1800 h kao xoH3epBaTWBHH mpojekTHH cieHapno u 2400 h kao
WHTEH3UBHH]JU PEKUM eKcIIoaTaluje, y ckiamy ca npernopykama VDI 4640.




Tabena 2. Tunuune gpujeOHOCmU MONIOMHE NPOBOOHUBOCHIU CIUJEHA HA
mepumopuju ypoanucmuuxoe niana bara Jlyka

Bpera emene |  [Wim) | O | FRGE v | oo pown)

HIbyHak 65-80 6,5-8,0 11.700-14.400 15.600-19.200
(3acuhen)

[Mujecak 65-80 6,5-8,0 11.700-14.400 15.600-19.200
['muna 35-50 3,5-5,0 6.300-9.000 8.400-12.000
Kpeumak 55-70 5,5-7,0 9.900-12.600 13.200-16.800
Hdomomur 55-70 5,5-7,0 9.900-12.600 13.200-16.800
Jlanopari 45-60 4,5-6,0 8.100-10.800 10.800-14.400
[Mjeuruap 55-75 5,5-7,5 9.900-13.500 13.200-18.000
Konrnomepat 65-85 6,5-8,5 11.700-15.300 15.600-20.400
Hujaba3s 40-65 4,0-6,5 7.200-11.700 9.600-15.600
Ampubomut 40-65 4,0-6,5 7.200-11.700 9.600-15.600
[MepugoTut 40-65 | 4,0-6,5 7.200-11.700 9.600-15.600
PosxHart 65-85 6,5-8,5 11.700-15.300 15.600-20.400
Jujabas—poxHa 50-85 5,0-8,5 9.000-15.300 12.000-20.400
dbopmanmja

[IpukazaHe BpUjeIHOCTH IPEICTABIbA]y OPHjEHTAMOHE MPOjEKTHE Mapamerpe. 3a XeTeporeHe
JIUTOJIONIKE CKIIONIOBE M 30HE Ca M3PAKEHUM YTHUI[AjeM MOJ3EMHUX BOJa Mperopy4dyje ce u3Boheme
tecta Tepmuukor om3uBa (TRT) pamu mnpeumsnor oapehuBama e(peKTHBHE TOIIIOTHE
HPOBOJUBUBOCTH U JI03BOJbEHE CIIEM(HYHE CHAare COHJE.

6. ITPOLIJEHA PACIIOJIOKUBUX KOJIMYHA CYb-
XUJIPOTI'EOTEPMAJIHUX PECYPCA HA TEPUTOPUJIN
YPBAHUCTHUYKOI IIVTAHA BAIbA JIYKE

JocTynHe KOJIWYMHE eHepruje Koje ce MOTy IOOUTH U3 Cy0- XHAPOTeOTepPMATIHUX CHCTeMa HICKE
eHTanmnyje (moa3eMHe BoJie) 3aBUCe Of CrielU(HUYHE TOIUIOTE BOJIE, TEMIIEpaType MOA3EMHHIX BOJA
OJTHOCHO TeMIlepaTypHe PeayKIHje KOja ce MOXKE OCTBAPUTH y TOILIOTHOj IMyMITH U M3JAITHOCTH
OyHapa.
VY Buay jeqHauYMHE OBaj OJHOC C& MOXKE IPEACTAaBUTH Kpo3 cienehu mpopadyH:

E=c¢,-Q - AT €))
raje je:
E - HomuHamHa pacmonoxuBa KommauHa eHepruje (KW)
Cp - crenuduyHa TorioTe Boae (koHcTaHTa, 4.2 KJ/kg/°C)
Q - m3pammHoct OyHapa (kg/s, ucto uro u l/s)
AT - TemmepatypHa peAyKIlfja Koja ce MOXe OCTBAPHUTH Y TOILUIOTHO] ITyMITH

[IpopauyH ce MoOXe HU3Pa3UTH W TPEKO IMPOMjeHE CIeU(UIHE CHTANIHje, TIpH dYeMy Ba3d
ampoKCHMaIja

h=~c, T 2)
TaKo JIa Ce U3pa3 3a EHEPIHjy MOXKE 3aIIUCATH U Y OOIHNKY:

E=Q - Ah 3)
raje je:
Ah -npomjena crierduane eHTaMIHje QIyna.

[IpopauyH OBaKo pacIIOJIOKHBOT XHJPOTEOTEPMATHOT pecypca cpadyHar je 3a BehmHy moryhmx
TeMITepaTypHUX ciIy4ajeBa TOKOM roauae. OBaj mpopadyH npukasaH je y Tadenn 3 [3].




Tabena 3. Ilpopauyn pacnonosicusux Koruyuna enepeuje y kW [3]

HspauHoct 6ynapa (I/s)
T° | AT | 1 2 3 4 5 6 7 8 9 10
7 12 8 17 |25 |34 (42 |50 |59 |67 |76 |84
8 |3 13 |25 |38 |50 |63 |76 |88 |101 | 113|126
9 |4 17 |34 |50 |67 |84 | 101 | 118 | 134 | 151 | 168
~ 110 |5 21 (42 | 63 84 105 | 126 | 147 | 168 | 189 | 210
g% 11 | 6 25 [ 50 | 76 101 | 126 | 151 | 176 | 202 | 227 | 252
|12 |7 |29 |59 |88 | 118|147 | 176 | 206 | 235 | 265 | 294
E 13 |8 |34 |67 | 101|134 | 168 | 202 | 235 | 269 | 302 | 336
S |14 ]9 |38 |76 |113] 151|189 227 | 265 | 302 | 340 | 378
§ 15 |10 |42 |84 | 126 | 168 | 210 | 252 | 294 | 336 | 378 | 420
E 16 [11 [46 |92 | 139|185 (231|277 | 323 | 370 | 416 | 462
é 17 (12 | 50 | 101 | 151 | 202 | 252 | 302 | 352 | 403 | 454 | 504
g 18 |13 |55 | 109 | 164 | 218 | 273 | 328 | 382 | 437 | 491 | 546
5119 |14 |59 | 118 | 176 | 235 | 294 | 353 | 412 | 470 | 529 | 588
E 20 |15 |63 | 126 | 189 | 252 | 315 | 378 | 441 | 504 | 567 | 630
21 |16 | 67 | 134 | 201 | 269 | 336 | 403 | 470 | 538 | 605 | 672
22 [ 17 |71 | 142 | 214 | 285 | 357 | 428 | 500 | 571 | 643 | 714
23 | 18 |76 | 151 | 227 | 302 | 378 | 454 | 529 | 605 | 680 | 756
24 |19 | 80 | 160 | 240 | 320 | 400 | 480 | 560 | 640 | 720 | 800
25 |20 | 84 | 168 | 252 | 336 | 420 | 504 | 588 | 672 | 756 | 840

VYpb6ano noxapyyje bamanyke y nojeaunum Hacesbuma (JlazapeBo, bopuk, uth) mma nedOspuHy
anyBHjaHUX cexumeHara 7o 10 m (MakcuManHo 15 m) W mpema pesyiaraTiMa J0CaIallbUuX
UCTpaXXMBakha M3 EKCIUIOATAlIMOHMX OyHapa ce Moxe nooutu mimely 2-3 n/c ca mpocjeunHom
TeMIIepaTypoM nomaseMux Bozaa oko 12 °C. Mmajyhu oBo y Buiy, U3 jeIHOT €KCILIAOTALMOHOT
Oynapa ce moxe nooutu m3melhy 59-88 kWh enepruje. [lopen knacuunux OymieHux OyHapa,
e(rKacCHUjU HAYMH KOopHIhieHa Cy0-XuaporeoTepMaliHe eHepruje 0no Ou u3paza KonaHux OyHapa
ca XOPHU30HTAJHUM JAPEHOBHMA M 0Baj BUJ OyHapa ce MOKe IPEopyYHTH 32 U3pamy.

7. JMCKYCHJA U 3AK/bYYAK

Pesynrati npukasaHu y 0BOM pajy yKa3yjy lia TeOJIOIIKO-XHIPOTeOIOIIKH YCIOBH HMajy KIbydaH
yTUI@] HA €(QUKACHOCT U IMOY3[JaHOCT CyOreoTepMallHMX CHUCTeMa HUCKe eHTanmuje. [lompyudje
Bamanyke kapakTepuile H3paxeHa JIMTOJOIIKA 1 XUAPOTEOJIOIIKa XeTEPOreHOCT, ITO 3aXTHjeBa
WHIMBUTYTHA IPUCTYII IIPOjEeKTOBabY M JUMEH3HOHUCABY CUCTEMA.

HajnoBospHHjE yCTIOBH 3a TpPUMjEHY BEPTHKATHHX TEOCOHOM W CHCTEMa TWIA 3eMJba—BOJa
MIPUCYTHHU Cy y alyBHjaTHUM 30HaMa ca Pa3BHjeHHM CIO000JHUM akBH(]eprMa. Y OBUM YCIOBHMA
Moryhe je OCTBapHTH BUCOKE BPHjETHOCTH CE30HCKOT KOe(HIIHjeHTa €PUKACHOCTH, KA0 U CTa0HIIaH
JQyTOPOYHH paJi CHCTEMA.

Y OpackuM u y3BUIICHUM AWjEIOBIUMA MoApyYja bamanyke, Taje JOMHHNPajy KOMITAKTHE CTHjEHE
ca OrpaHWYEHOM TpOIyCHOINY, HEONXOMHO j€ NPHUMJEHHTH KOH3CPBATHBHHjEC IPOjEKTHE
nmapaMeTpe M NaXJbHBO YNPaBJbaTH TOIUIOTHUM onTepehemeM Tia. MHTerpanuja TeoNomKuX |
XHIPOTCONIONIKHX ToJaTaka y paHoj (a3u IUIaHMpama IMPEACTaBjba OCHOBHH IPEAYCIOB 3a
€KOHOMCKH U €HepPTeTCKH ONpaBIaHy MPUMjeHy CyOreoTepMaiHe eHepruje.

AKO ce KOpPHCTH CHCTEM TOIUIOTHX BOZa-Bojaa (Tj. CyO-XmaporeoTepMmaliHa €HEprdja), OHJa Cy
HaIOBOJbHU]jE 30HE Koje MMajy Behe KonmuMHEe moazeMux Boja (paBHMYapcku ano bamamyke) n
BHIIIE TEMITEpAType Moa3eMux Boja. IIpocjedna Temneparypa moa3eMux Boa Ha TEPHjUPHjU Tpajia
Bamanyke je 06nuno oko 12 °C anu Bpio yecto o 3Ha 6utn 1 oko 15 °C mrro ayromarcku mosehasa
TTOTEHIIMjall OBOT pecypca.
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