EHEPTETCKE NEPOOPMAHCE UHOUNTPUPAHUX U ENEBALIMOHUX SEMYHWULIA HA TOAPYYJY TPAZIA KPATYJEBLIA -
HYMEPUYKO UCTPAXXUBAIE

ENERGY PERFORMANCE OF INFILTRATED AND ELEVATIONAL EARTH-SHELTERED BUILDINGS IN THE TERRITORY OF THE CITY OF
KRAGUJEVAC — A NUMERICAL INVESTIGATION

D01 10.5937/a-u0-45200
Online First
MperneaHu pag, npumiben: jyH 2023, npuxsahen: HoBembap 2023.

Anekcanpap M. Hewosuh
Ucrpaxmeau capapHuk, QakynTeT MHXerepcKiX Hayka YHuBepauTeTa y Kparyjesuy,
aca.nesovic@gmail.com, ORCID 0000-0002-1690-2389, +381 64 104 38 44

ANCTPAKT

Y 0BOM pajiy UCTPAXXeH je eHepreTCku NOTeHLMjan pa3nnumMTyiX TUMOBA (aBPEMEHMX 3eMYHMULLA, TOKOM CeIMOMECEUHOT BPeMEHCKOT
nepuoga (oa 1. oktobpa Ao 30. anpuna), y UMby 0CTU3atba OAPXKMBOT Pa3Boja. lpeameT UCTpaKiBatba je jeHOCNpaTHa cTaMbeHa
3rpaa (ykynHe Heto nospuuvHe 102,5 m?), HametbeHa 60paBKY YeTBOpOUNaHe MopouLLe, NoLMpaHa Ha noapyyjy rpaga Kparyjesua
(uentpanta Cpbuja). Cuctem rpejarba Gopmupajy TOMAOTHA Mymna Tuna 3emjba-BOAQ, reoTepManHe BepTUKanHe COHAE, MOAHM
MaHeNHW rpejaun 1 ABe LMpKynaumoHe nymne. Hymepuukom aHanusom (kopucrehin copteep EnergyPlus) nctpaxena cy uetpn tuna
WHOUATPUPAHUX, KAO W jefHa eneBaLMOHa 3emyHuUUa. EHepreTcke nepdopmaHce cBUX momeHyTux 3emyHuua ynopeheHe ¢y ca
eHepreTckuM nepdopmaHcama KnacuuHe Hag3emHe 3rpagie. (Be 3rpajie ¢y NCTUX FeOMETPUjCKMX, rpal)eBUHCKIX U TePMOTEXHUYKINX
nepdopmaHcu. Pesyntatn nctpaxmBarba nokasanu ¢y a ce, y UHOUATPUPAHUM 3eMyHMLAMa, FOAMLIKbA MOTPOWbA (UHaNHe
(eneKTpuuHe) eHepruje Moxe peaykoBaty 3a 2,53—21,64% (3aBucHo of 6poja cnosbalukbux rpaleBUHCKIX enemeHaTa y AUPeKTHOM
KOHTAKTY Ca 3embuiLTem). (aBpeMeHa apxuTeKTypa unak Tpeba 6uti ycmepeHa Ha pa3Boj eneBaLnoHUX 3eMyHNL, jep e Y ibiMa
TOANLUHbA NOTPOLLHA GUHANHE (eNeKTPUUHE) eHepritje 3a rpejatbe MOXe peayKoBaTy 3a npeko 40%.

KrbyuHe peun: 3emyHuua, eHepreTcka eukacHoct, EnergyPlus, Google SketchUp, napameTpu nokauuje.

ABSTRACT

This paper investigates the energy potential of different modern earth-sheltered building types, during a seven-month period (October
1 to April 30), in order to achieve sustainable development. The subject of the research is a one-story residential building (total net
area 102.5 m?), intended for a family of four, located in the territory of the city of Kragujevac (central Serbia). The heating system
consists of a ground source heat pump, geothermal vertical probes, floor panel heaters, and two circulation pumps. Four types of
infiltrated earth-sheltered buildings, as well as one elevational earth-sheltered building, were investigated by numerical analysis
(using the EnergyPlus software). The energy performances of all of the mentioned earth-sheltered buildings were compared with the
energy performance of classic above-ground buildings. All of the buildings have the same geometric, construction, and
thermotechnical performance. The research results show that, in infiltrated earth-sheltered buildings, the annual consumption of final
(electrical) energy can be reduced by 2.53—21.64% (depending on the number of external building elements in direct contact with the
soil). Modern architecture should still be focused on the development of elevational earth-sheltered buildings because in them the
annual consumption of final (electrical) energy for heating can be reduced by more than 40%.

Keywords: earth-sheltered building, energy efficiency, EnergyPlus, Google SketchUp, location parameters.



1.YBOA

Pa3B0j KOHLENTa eHepreTcki ehuKacHX 3rpaga’ KPo3 UCTOpUjy NPOU3NLLAO je U3 noTpebe Aa ce (MPBEHCTBEHO) CTaMbeHu CekTop
npubauxi oapxusom passojy (lonescu et al., 2010). Maxo je oa nouetka XXI Beka oBa uaeja 6una nofpaHa pasHUM HaLVOHANHUM
npasHum aktuma (Sluzbeni glasnik RS, 2011, 2012), yaeo crambeHor cektopa Penybnuke Cpbuje y noTpowmu ¢uHanHe eHepruje,
npema nogauima ODYSSEE-MURE (2021), u game je Bucok (34%).

EHepreTcke ywwTezie Koje ce ocTBapyjy cnpoBofierseM TepMIUKMX CaHauMja Ha noctojefium (TambeHMM 3rpajama, a Koje NokanHe
camoynpage ¢opcupajy unBajarem oppeheHnx HoBuaHux cybseumja (Sluzbeni glasnik RS, 2022), noBombHe ¢y Aa ce AoCTUrHY
TPEeHYTHU MUHUMANHV eHepreTcku 3axTesu (Sluzbeni glasnik RS, 2011).

Mehytum, rnobanHa eHepreTcka 3ajefHILA CBE je CTPOXA N0 NUTakby NMOTPOLUE GUHANHE eHeprije y crambeHom cekTopy. CTora je
OTULLNA KOPaK fa’be, 1 TO NPOMOBICAkbeM HOBYX KOHLIENaTa eHepreTckin epUKaCHUX 3rpaja: HUCKO eHepreTcke 3rpage’ (Abel, 1994),
nacusHe 3rpage’ (Altan et al., 2016), 3rpage Hynte enepruje’ (Voss et al., 2011), ayToHomHe 3rpaae’ (Ramanathan, 2021) u 3rpage ca
utukom exepruje’ (Firlag, 2019). MomeHyTu KoHLeNTH ce (Be BULLe NpenuBajy v Ha Cpbujy, na cy noctojefie TpaauuUMoHanHe rpage,
KaKo Bpeme 0fMue, y cBe HemoBosbHMjoj no3uumju (Boji et al., 2011; Matic et al., 2016; Lukic et al., 2020; NeSovic et al., 2023).

BuoKMMaTCKo-NacBHY MPUCTYN Y 3rpajapcTBy, 6asupaH Ha MPOMOBMCatbY 3eMyHuua’ — 3rpajia NPeKPUBEHUX 3eMIbULLTEM,
LeNMMIYHO UK NOTMYHO, 0AABHO je MPUCYTaH y CBETCKUM HayuHuM kpyroBuma (Akubue, 2021; Roy, 2006). 360r Tora wro nocnewuyjy
KopuiLferbe napameTapa nokaumje, Kako NpuUPOAHUX (BeTap, CONapHO 3pavetbe, BereTaumja, KOHGUIypauuja TepeHa UTA.), Tako u
(TBOpeHuX (nonoxaj 3rpage, 067uK 3rpaje, opujeHTamja 3rpade, pactojatbe U3mehy cyceHux 3rpaja uTA.), 0Be 3rpage, Koje npema
0CHOBHOj Knacudukaumju mory 6utin npupogHe u ewwTauke (Tab. 1), y KombuHaumju ca eHepreTcku eUKacHUM TepMOTEXHUYKIM
(MCTeMUMA, MOCeZyjy BENMKIA NOTeHLjan a AOCTUTHY CTaTyc (MOMeHyTUX) HOBUX eHepreTcku edukacHux 3rpaga. 36or Tora cy ucre
6une NpeAMeT CTPaXuBakba MHOMUX UHOCTPAHKX PafioBa, CTYAKja U Npojekara.

AHcenm je y npernegHom papy, usmehy oCTanor, U3Heo Teopujcke OCHOBE WCTOPUjCKOT, TUMONOLIKOT M CTPYKTYPHOr 3Hauaja
3emyHuua (Anselm, 2012). Takohe ce 0CBPHYO 1 Ha eHEPreTCKe U OAPXKMBE aceKTe 3eMyHULIA Y CABPEMEHO] apxuTeKTYpy. PesynTatu
uctpaxuBarba BaH [lpoHkenapa 1 ap. nokasanu cy Aa 3eMyHuULe U3NCKY]y 3HAaTHO Matbe U3HOCE eHeprije 3a rpejatbe 1 xnahere y
nopehery ca KnacuuHum Hap3emHum crambenum 3rpagama (Van Dronkelaar et al., 2014). 3xao u Ap. cy HyMepuUuKN UCTpaXunm
TEPMUYKO MOHaWatbe nefMHCKUX 3rpada Ha CTPMUM TepeHuma (auTuuama) y xnagHom perioHy Kuee kopuctehin codreep
EnergyPlus (Zhao et al., 2016). Karbejac 1 ap. cy aHanu3upanu TonnoTHo ontepehetbe y cnaBahum cobama 3eMyHuLa Ha NoKawjama
ca tponckom knumom (Callejas et al., 2020). Y 3aBuUCHOCTM 0f opujeHTaumje dacapHor 3uda, TonnoTHO onTepehetbe y cnasafium
cobama moxe 6uTM pepykoBaHo 24—31%, y3 3apkaBatbe Xe/beHux YCi0Ba komdopa. Y CTyauju CNpoBefieHoj Ha Teputopujn
Majmanza (MpaH) aHanumpaHo je npeko 20 3eMyHULA @ LM/bEM Ja Ce KPO3 HUXOBY reOMETPUjCKy U MPOCTOPHY ONTUMM3aLMjy
nobosLuajy ycnosn komgopa (Khaksar et al., 2022). TeHepanHu 3aKibyyak je fa ce NaXK/bUBUM apXUTEKTOHCKIM AWU3ajHOM YC0BM
IBOTa Y 3eMyHUL,aMa Mory noborbLuaTi 3a npeko 30%.

"enrn. Energy Efficient Buildings

ZeHrn. Low Energy Buildings

3 eHrn. Passive Buildings

*eHrn. Zero Energy Buildings

> eHrn. Autonomous Buildings

S enrn. Plus Energy Buildings

7 3eMyHULe Cy 3rpaje ca 6apem joLL jeAHOM CTPaHOM TEpMUUKOr OMOTaYa (Noped NoAa Ha T1y) Y HenocpeaHoM KOHTakTy ca 3emmbuwiTem (Alkaff et al., 2016;
Hassan, Sumiyoshi, 2018), oaHocHo 3rpaze ca Hajmatbe 50% TepMUUKOT OMOTaua y HeNnocpeHOM KOHTaKTY ca 3emmbuiutem (Milanovi¢, 2016).



Tab. 1 - Tunosu 3emyHuua (Labs, 1975) / Tab. 1 — Earth-sheltered buildings types (Labs, 1975)

Tunosu 3emyHuLa Kondurypauuja epena

Bpcre otBOpa MpupogHe Bewrauke
MoTnyHo ykonaHe®

OtBopene’

Unduntpupane™

Enesaumone™

3a pasnuky oa cBeTcke, Aomaha nuTepaTypa je 3HaTHO CKPOMHMja UCTPaXMBatbIMa 3rpaja NPeKPUBEHNX (HACyTUX) 3eMIbULLTEM.
(Cnacojeuh-Canutuh n CraHojnouh cy nokasanu Aa je KOHUENT 3eMyHUUA MpUMep OAPXKMBOr KBanuTeTa MBOTA Koji Tpeba
aiegutu (Spasojevic-Santi¢, Stanojlovi¢, 2016). Kpctuh u ocTanu nokasyjy Aa ¢y 3eMyHuLe apXUTEKTOHCKM KOHLIENT Koju mocepyje
Benukin eHepretckin noteHuujan (Krstic et al., 2018). Kpo3 Hekonuko Hayunux pagosa, MunaHoBuh je nctpaxumo apxuteKToHcKe 1
rpafeBuHcke acnekte 3emyHuua (Milanovi¢, 2016; Milanovi¢, Foli¢; 2017, Milanovic et al., 2018), BOK cy eHepreTcki acnekT u
noTeHLUMjanu 3eMyHuLa u Hymepuuku uctpaxenu (Lukic et al., 2019; NeSovi¢ et al., 2019; NeSovic et al., 2023).

3aHemap/biBO NPUCYCTBO 3eMyHULIA Y TPaBULUOHANHOj, anu U (aBpeMeHoj, apxuTeKTypu Ha moapyyjy Penybnuke Cpbuje uma
UCTOPUjCKY, KYNTYPOMOLUKY, KAMMATCKy U TUMONOLIKY No3auHy. Mako je Tepmuuka yHOoOGHOCT MO3MTUBHO OLeH-eHa, BUCOKN
WUHBECTULMOHU TPOLUKOBY, NpobnemMm ca BMaroM, 3By4YHUM U BU3YENHUM edeKTUMA, UTA., Y NPOLNOCTU Cy CTBOPUAM jOLU jesHy
HeraTUBHY MoAnory — CTpyKTypHy. [laHawtba (TpeHyTHa) kKnacuukaumja objekaTa u He npeno3Haje 3eMyHuLe Kao 3acebHy
kateropujy (Sluzbeni glasnik RS, 2015). Acto Baxu 1 3a Apyre NpaBHe aKTe, NOMYT OHKX KOjU Ce TUUY eHepreTcke eGuKacHoCT.

360r cBera HaBe[EHOT, Y OBOM pady UCTPaXyjy ce pasnuuuTA TUMOBI 3eMyHULA (4 MHGUATPUPaHe u 1 eneBawuoHa). (KpeTatbe
Naxdibe CTPYYHO] jaBHOCTIA HA eHEPreTCKIN 3Hauaj 3rpada NpeKpuBeHKX 3embuLLTeM Ha Teputopujin Cpbuje, ca Lnmbem Aa ce ucnpate
Bojehin CBeTCKM TPeHZOBM Kaja je MOTpOWba QUHANHe eHepruje y (TamOeHOM CeKTOpY Yy MuTakby, MMaBHU je MOTUB OBOT
ucTpaxuBatba. loTpoltba GuHanHe (enekTpuuHe) eHepruje 3a notpebe rpejarba TOKOM ceiMoMeceyHor nepuoga (o4 1. okto6pa 1o
30. anpuna), y Bum paspafieHUM CueHapujuma, aHanuMpaHa je Hymepuuku, y3 ynotpeby codrtepa EnergyPlus. Tepmuuxe
nephopmaHce NOMeHYTUX 3rpaja (HUX 5) UCcToBpemeHo ¢y ynopeheHe ca KnacuuHoM HaZ3eMHOM 3rpafioM, UCTUX TeOMETPHjCKMX,
rpafleBUHCKUX 1 TePMOTEXHUUKMX NepdopMaHc. Mako je HyMepUUKO MCTpaxMBabe Y OBOM KOHKPETHOM Clyyajy CMpoBefeHo 3a
nogpyuje rpaga KparyjeBua, cta MeToZonorMja Moxe 6uTH UMNNEMeHTUPaHa 1 3a 6uno Koje Apyro TeputopujanHo nogpyyje y
Peny6nuuu Cpbuju.

8 enrn. Buried Earth-Sheltered Building

% enrn. Opened Earth-Sheltered Buildings

" enrn. Infiltrated Earth-Sheltered Buildings
enrn. Elevational Earth-Sheltered Buildings



2. MATEPWJAJIU U METOE

2.1 TpaheBuHcKa pu3mKa noYeTHOr Moaena

KomnneTHo HymepuuKo MCTpaKMBatbe U3BPLUEHO je Ha KOHKpeTHOM mopeny 3rpage (Cn. Ta, 16) nouupaHe Ha noApyyjy rpaga
Kparyjeua. YkynHa HeTo noBpLuMHa noaa Ha Ty je 102,5 m? (Tab. 2). HeTo noBpLumHa noga Ha TAy rpejaHor npoctopa je 98,5 m?
(ocTaBa ce y TepMUUKOM CMICTTY He TpeTUpa). 3rpaja je HamerbeHa CTanHoM 60paBKy YeTBOpOUNaHe NopoauLe.

Cn. 1 - llpeameT HymepuuKor ucTpaxkuBatba: a) M3ometpujcku npukas; 6) Pacnopeg npoctopuja; (1) Cnasaha co6a 1; (2) Cnasaha coba 2; (3)
cnasahia coba 3; (4) Kynatuno; (5) XoaHuk; (6) [IHeBHa coba; (7) Kyxutba; (8) Octasa / Fig. 1 — The subject of numerical investigation: a) Isometric
view; b) Rooms layout; (1) Bedroom 1; (2) Bedroom 2; (3) Bedroom 3; (4) Bathroom; (5) Hall; (6) Living room; (7) Kitchen; (8) Pantry

Ta6. 2 — Heto noBpLuuHa noAa Ha Ty npoctopuja y aHanusupanoj 3rpagm / Tab. 2 — Net area of the floor of rooms in the analyzed building

Pennu 6poj Ha3ue 0O3Haka Alm?]
1 (naBaha coba 1 (q 17,5
2 (naBaha coba 2 Q@ 9

3 (naBaha coba 3 @ 9

4 Kynatuno kyn 6

5 XoHWK X0 26

6 JIHeBHa coba AcC 25

7 Kyxutba KyX

8 Ocraga ocT 4

YKynHa noBpLUnHa TepMuyKor omoTaua je 337,6 m? (Ta. 3). OakTop o6nuka usHocu 1,27. CBI TpaHCNAPEHTHI enemMeHTH (Mpo3opu n
BpaTa) N0CTaB/bEHM Cy Ha jyxHoj cTpatn ((n. 1a, Tab. 3).



Ta6. 3 — Heto noBpLuMHa TepmuyKor omoTaua u3paxeHay [m?] / Tab. 3 — Net area of the thermal envelope expressed in [m?]

Mop Ha Tny/
[paheBMHCKI enemeHT 03Haka (CeBep NcTok 3anap Jyr (yma
MnadoH (Kpos)
Cnosatutbiy 3ua G 53,3 13 13 4495 - 124,25
Mpo3op NP - - - 6,25 - 6,25
Bpata BP - - - 2,1 - 2,1
Mog Ha TNy [HT - - - - 102,5 102,5
MnadoH (kpoB) KP - - - - 102,5 102,5
(yma - 533 13 13 533 205 337,6

Tab6. 4 — Tepmuuke KapakTepucTuke rpaeBUHCKUX MaTepujana u koHcTpykumja / Tab. 4 — Thermal characteristics of building materials and
constructions

KoHcTpyKumja Matepujan dlm] | k[W/mK] p [kg/m’] ¢ [J/kgK] UTW/mK]
Xuppousonaumja® 0,002 | 0,19 1100 1460
lyHa umrna 0,12 0,64 1600 920
Ctuponop 0,1 0,041 20 1260
Cnomawukbu 3ug - 0,3
Bazmywm cnoj R=0,157 m?K/W
LWynbu 650K 1 0,25 0,61 1400 920
Kpeunu mantep 0,025 | 0,81 1600 1050
Mpo3op (takno - 1,5
boposuHa 0,035 | 0,14 550 2090
Bpata Ctuponop 0,005 | 0,041 20 1260 1,6
boposuHa 0,035 | 0,14 550 2090
KameH 0,25 1,16 2000 920
LWimbyHak 0,05 0,81 1700 840
HeapmupaHu 6eToH 1 0,15 0,93 1800 960
ApmupaHu 6eToH 0,04 2,04 2400 960
Mog Ha Tny Xugponsonaumja 0,002 | 0,19 1100 1460 03
Crupoayp 0,08 0,03 33 1260
HeapmupaHu 6eToH 1 0,15 0,93 1800 960
LlemeHTHa Kowwymuua 0,04 1,4 2100 1050
Kepamuuke nnounue 0,015 | 0,87 1700 920
LWbyHak 0,05 0,81 1700 840
Xugponsonaumja 0,002 | 0,19 1100 1460
MapHa 6paHa 0,002 | 0,19 900 960
Mamyxk 0,24 0,04 20 840
MnadoH (kpoB) MapHa 6paHa 0,002 | 0,19 900 960 0,15
Heapmupahu 6eToH 2 0,05 0,52 1200 920
LlemeHTHa Kowymbuua 0,04 14 2100 1050
LWynsbu 6nok 2 0,16 0,6 1200 920
Kpeunu mantep 0,025 | 0,81 1600 1050

* He BaXu 3a NOYETHN CUMYNALMOHM Mogen (nornaBsbe 3.1).




MoueTHn cumynaumonu mogen (Cn. 1) dopmupaH je y Cknagy ca HaUMOHANHM NPOMMCIMA O EHEPTETCKOj ePUKACHOCTM Y 3rpafapcTBy
(Sluzbeni glasnik RS, 2011). ipyrum peunma, koeduumjeHT nponasa TonnoTe 3a (Baku rpaheBuHckn enemeHT (Tab. 4) Hana3u ce y
J103BO/bEHUM FPaHNLIAMA, Tj. UCMIO MAKCUMaNHO 103B0SbeHUX U BpeHOCTH.

2.2 Meteoponoluku nogauy 3a rpag Kparyjesau

KparyjeBay (44,02° ceBepHe reorpadcke wupuxe u 20,92° uctoune reorpadcke ayxuHe) je rpag y ueHtpanHom peny Cpbuje,
CTOTUHAK KunomeTapa jyxHo of beorpapja. Kparyjesay (ca BpemeHckom 30Hom +1 h) Hanasu ce Ha o6anu peke JleneHuue u
HaZMopcKoj BUCUHY 04 209 m. Knuma je ymepeHo KOHTUHeHTaNHa, (a u3paxeHum roguwrbum fobuma (Tab. 5). fleta cy Tonna u
BNaXHa, ca Temnepatypama o 37°C. 3ume cy xnagHe (g0 -12°C) u ca cverom (EnergyPlus weather file, 2012).

Ta6. 5 — MereoponoLuki noauv 3a Kparyjesau / Tab. 5 — Meteorological data for Kragujevac

Meceu Tas [°C] Ino [W/m?] Ip W/ ] wl’] v [m/s] KP [mm]
| -0,24 33,30 63,63 213,17 21 17,2
I 0,88 49,39 86,66 210,6 2,02 20,1
Il 5,57 77,08 106,12 207,98 2,35 26
v 10,87 92,65 149,02 209,06 2,27 63,7
v 16,06 113,30 176,45 210,08 177 38,6
VI 18,85 109,50 208,94 209,51 1,69 57,2
Vil 20,78 110,60 228,12 198,04 1,62 99,5
VIl 20,38 96,25 215,40 211,45 1,51 83,8
IX 16,68 75,54 166,92 203,79 1,68 95,8
X 11,18 57,34 119,43 222,28 1,69 65,5
XI 6,08 39,83 64,51 210,38 2,06 31,5
XIl 1,13 28,66 58,86 208,33 1,87 39,4

JlonyHcka nerexpa (Baxiu 3a Tab. 5): ts; [°C] NpoceyHa MeceyHa TemnepaTypa Basayxa MepeHa CyBUM TepMOMETPOM, [yo [W/m?]
NPOCEYHa MeCeYHa BPEAHOCT MHTEH3UTETA AMQY3HOT CONAPHOT 3pauetba Ha XOPU3OHTANHY NoBpLMHY, /ye [W/m?] npoceuna
MeceyHa BpeJHOCT MHTeH3WTeTa AUPEKTHOr CONAPHOT 3payetba Ha XOPU3OHTaNHY MOBPLUMHY, W [°] MpoCeYHa MeceyHa BpeaHoCT
HanagHor yrna setpa (w=0° 3a ceBepHu BeTap, w=90° 3a nctounu Betap, w=180° 3a jyxxHu BeTap n w=270° 3a 3anagHu BeTap), v
[m/s] npoceuHa meceyHa 6p3uHa BeTpa v KP [mm] ykynHa MeceyHa KonnumHa najaBuHa.

2.3 TonnoTHa nymna 3em/ba-Bopa

[la 61 ce 0be36ea10 TONNOTHI KOMPOP TOKOM aHanM3MpaHor nepuoda' (oa 1. okTobpa Ao 30. anpuna), 3rpaga (Cn. 1) je onpemsbeHa
TONNOTHOM NyMNOM 3eMiba-Boga Tuna REHAU GEO 7 (Cn. 2).

" TpejHa ce3oHa y Penybanuy Cpbuju Tpaje oa 15. okTobpa Ao 15. anpuna. 3a notpebe oBe CTyAMje, YCBOjEH je LUMpU BPEMEHCKM OMCET, Ca LWbEM [a (e CKpeHe
NaXba fia ce 1y npenasHum nepuoaMMa Mory jaBuTu foAaTHe notpede 3a rpejarbem, 0AHOCHO Xnalerbem, y cknagy ca BpeMeHCKUM Npunikama.



Cn. 2 - lllema papa TonnoTHe nymne 3emba-Boga: TN — TonnotHa nymna 3emmba-Bopa; IBC — leotepmanHa BepTukanHa coHpa; LM1 —
Linpkynauvona nymna 1; L2 — Lnpkynaumona nymna 2; MNT — Mogkyu naHennu rpejau / Fig. 2 — Operation scheme of the ground source heat
pump: GSHP — Ground source heat pump; GVP — Geothermal vertical probe; CP1 — Circulation pump 1; CP2 — Circulation pump 2; FPH — Floor
panel heater

TonnoTHa Nymna ca cnoballtbe CTpaHe CNperHyTa je BEpTUKANHUM reoTepManHiM COHZama (MpUMapHUM LMPKYNaLMOHN Kpyr).
llpocTopujama ce TOMAOTHA eHeprija, y CeKYHZAPHOM LMPKYNaLMOHOM Kpyry, UCMopyuyje nyTem MOJHUX MaHeNHMX rpejaua
(Cvetkovic, NeSovi¢, 2021). TonnoTHa mymna ofp»aBa Xe/beHe Temnepatype y rpejaHum npocropujama (20°C) 3axsamyjyhin pexumy
paja Koju ce 3acHNBa Ha BapujabunHom NpoToKy. TexHuKe KapakTepucTuke TONAOTHE MyMne 1 reoTepManHiX BepTUKaNHIX COHAW
npukasane cy y Tab. 6.

Ta6. 6 — TexHuuke KapakTepucTike TONNOTHe Nymne 3eM/ba-Boja 1 reoTepmantux BepTikaniux conan / Tab. 6 — Technical parameters of the
ground source heat pump and geothermal vertical probes

TonnotHa nymna 3emsba-Boja

Mapametap BpepHoct
HomuHanHa cHara konaen3atopa [W] 7300
KoeduunjeHt neppopmancy [-] 41
HomuHanHa cHara komnpecopa [W] 1600
MakcumanHa pagHa Temnepatypa [°C] 55
Makcumanuu pagHu nputucak [bar] 3

I'eOTepman He BepTUKaHe CoHpe

Mapametap BpepHoct
HomuHanHa cHara ceux congu [W] 5700
bpoj coHpm [-] 2
[lly6una congy [m] 73,2
Monynpeunuk coam [m] 0,0889

2.4 Google SketchUp copTBep

CoptBep Google SketchUp HamerbeH je 3D mogenupatby. lMocenyje anate 3a ocHoBHO u HanpefiHo 3D ypefuBamwe (6pxe
jenHocTaBHuje y opHocy Ha gApyre CAD codreepe), moryfHOCT paja ca cueHama, MmoApluKky 3a CTunoBe, 6p30 Kpeupatbe
TPOANUMEH3UOHATHOT TeKCTa, MHTerpauyjy ca cepsicom Google Earth, moryhHoct papa ca rotoBum 3D mogenuma uta. Y oBom cyuajy
kopuwwhieHa je Bep3uja Google SketchUp 8.



2.5 EnergyPlus copTep

Codrep EnergyPlus je KopucTaH anat 3a HymepuuKa UCTPaKMBatba eHEpreTCKUX TOKOBA Y 3rPaill U HeHOT YTULAja Ha XUBOTHY
cpenmHy. Haume, EnergyPlus cactoju ce on Benukor 6poja WHTerpucaHux MaTemMaTUukuX MOJena, Koju, y KoMOuHaumju ca
0AroBapajyfium BpPeMEHCKUM JaToTekama, CUMYNMpajy paj pasnnuuTAX TEPMOTEXHWYKUX CUCTeMa: rpejatba, Xnaberba,
KnumaTu3auuje, BeHTUNaLMje, enekTpuuHuX ypehaja, BofoBoaa 1 KaHanu3auuje, npucycTBa jbyau, BeLTauke pacsete UTA. Bep3uja
kopuwheHa 3a notpebe oBor paaa je EnergyPlus 7.2.

3. HYMEPUYKE AHAJIU3E

3.1 CumynauuoHm cueHapuo

Y npBom cumynauumoHom cueHapujy (cuexapuo C1) kpeupaH je mogen 3rpage Koju jeuHo npeko noga Ha Ty (102,5 m?) octeapyje
,KOMYHUKaunjy” ca 3emmuwrem (Cn. 3a, Tab. 7). 3rpapa u3 cueHapuja C1 je KnacuyaH Haz3eMHW jeRHOCNPATHU rpafeBUHCKM
objekar, Tj. NoYeTHI MOZieN, Y O/HOCY Ha KOju ce Nopefie pasHi TUNoBM 3emyHuLia (cueHapuja (2-C6).

Cn. 3 — Cyexapuo cumynauumja: a) Knacuuna Hapzemua 3rpaga (C1); 6) 3emmanu Hacun ca nctouHe crpate (C2); B) 3emibaiy Hacun ca 3anagHe
ctpaHe (C3); 1) 3emsbaHu Hacun ca ceepHe cTpaHe (C4); @) 3em/baHi HaCUN Ca UCTOYHE, ceBepHe 1 3anagHe ctpate (C5); B) 3emmbanu Hacun ca
Bux crpaHa (C6) / Fig. 3 — Scenario simulation: a) Classic above-ground building (S1); b) Soil layer on the eastern side (S2); ¢) Soil layer on the
western side (S3); d) Soil layer on the north side (54); e) Soil layer on the eastern, northern, and western sides (S5); f) Soil layer on all sides (56)



Ta6. 7 — Avanuzupanu ciyyajesu / Tab. 7 — Analyzed cases

CueHapuo [paheBUHCKIN eNeMEHT Y KOHTAKTY (a 3eMIbULLTEM
. - Tun 3emyHuue
umynaupja bpoj Hasus O3Haka* Alm?
a 1 Mop Ha Ty MHT 102,5 -
Q MHT+QGy
115,5
€] 2 Mop Ha Ty [MHT+G;
WHountpupana

4 (nomalutn 3ua MHT+C3¢ 155,8
€ 4 MHT+C3)+C35+C3¢ 181,8

Mog Ha Tny
(6 5 Cnosbatutby 3un MHT+C3y+C3s+CGc+KP 2843 Enesauuona

MnadoH (Kpos)

* |\HneKcHa 03HaKa 0HOCK Ce Ha OpHjeHTaLMjy CNOJbaLLMbEr 3Ua Y KOHTAKTY (a 3eMIbULLTEM.

Y cueHapujuma (2-C4, noueTHu mozien 3rpage ce Hacuna, Tako Ja ce, nopex Nojia Ha Ty, joww jefaH rpaleBUHCKN eneMeHT Hanasn y
JUPeKTHOM JoAupy ca 3emmmwTem (Tab. 7): (2 (ucrounu cnomatumby, Tj. GacagHu 3ug, Cn. 36), (3 (3anaghm 3ug, (n. 38), (3
(cesepru 3un, Cn. 3r). MoBpluuHe, cana 3unosay Ty, y ciyvajesuma (2 u (3 ¢y upentuure (no 13 m?). Y cuenapujy (4, oHa je Beha 3a
40,3 m? (53,3 m?). YkynHe noBpLUMHeE CBUX rpalleBUHCKIAX eNeMeHaTa Y HeNoCPeHOM KOHTAKTY (a 3eMibuLLTeM, y cLieHapujuma (2-
(4, cy (Tab. 7): 115,5 m?, 115,5 m? u 155,8 m?, pecnexkTuBHO. 360r Tora LTO jOLU jefaH Ao TepMIUKOr OMOTaua (Crosballitbit 3u)
yuecTByje y CMosballkb0j TOMAOTHOj pa3MeHM a 3eM/baHUM HacunoMm, 3rpage u3 cueHapuja (2-C4 npunagajy rpynu uHUATPUpaHnx
3emMyHuLa.

Jow jenHa nHOUATPUPaHa 3eMyHULA pa3maTpaHa je y cumynaunoHom cueHapujy (5. Y nutamby je rpafheBuHCKM 06jeKat unju cy cau
(cem jyxxHe dacape) cnosbalukby 31A0BN HacyTH alojem 3emmbiwwiTa (Cn. 34, Tab. 7). YKynHa noBpLUMHA TEPMUUYKOT OMOTaua y A0Aupy
(a 3embULLTeM (M0} Ha TIY, UCTOYHM, 3aNajHIn 1 CeBepHY 31A) caja je 181,8 m2

Mocnearn aHanu3mMpaHm KoHLenT je eneBauyonu Tun 3emyHute (Cn. 35, Ta6. 7). Oa 3emynuua (MHT+C3y+C33+GA+KP) uma camo
jenan cno6oaan rpaleBIHCKM eneMeHT (jy»Hi hacagHi 3uf), CTora v Hajeeliy KOHTAKTHY NOBPLUMHY Ca 3emibuuTem (284,3 m?).

3.2 Temnepatypa 3emmuLiTa

3a noTpebe oBor paja, yCBojeHO je Aa ce NNadoH, Tj. KPOB 3eMyHILLE, Hana3i Ha AyOuHI 0 2 m of (noboaHe NOBPLUMHE 3eM/bULLTA
(cuenapwo C6). TemnepaTtypa 3emibuLLTa Ha 0B0j Ayounn (Cn. 4), npema Ban [lpoHKenapy, Moxe ce ofpeauTi npumeHom crenehier
obpacua (Jeg. 1):

(o=t —te V5 ood 2l —%/ﬁ i)
o 365 ¢ 2\ za

roe cy: t [°C] npoceyHa AHeBHa TemnepaTypa 3eMibULUTa TOKOM roguHe Ha AyouHm x, ty [°C] npoceyHa ropnwiba Temnepatypa
cnobogHe nospLuMHe 3emmbliwTa (x=0 m), x [m] BepTUKanHO pactojare nnagoHa (KpoBa) 3emyHuuUe 0f C0OOAHE MOBPLUNHE
3emblWTa, T [-] AaH Y roAuHN, Tp [-] Ga3Ha KOHCTaHTA Koja OAT0Bapa AaHy MUHMMANHE MOBPLUMHCKE Temnepatype, a [m?/s]
TONNOTHA AMY3MBHOCT 3eMibuLuTa U £ [°C] TeMnepaTypHa amnnuTyAa C1060AHe NOBPLLMHE 3eMIBULLITA.
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Cn. 4 - MpoceyHa MeceyHa Temnepatypa 3emibuuTa 3a Kparyjeau, (x=2 m) / Fig. 4 — Average monthly soil temperature for Kragujevac (x=2 m)

Ha ocHoy npenctasibeHe jefHaunHe u npenopyke (Serbian Environmental Protection Agency, 2023) 3a BpeaHoct a=0,91 m?/s
(wnoBaya/cMoHMLa), oapelieHe cy NpoceyHe MeceuHe TemnepaType 3eMibULLTa Ha Ay6uHu of 2 m 3a noapyyje rpaaa Kparyjesua (Cn.
4). [njarpam Ha (n. 4 KopuwwfieH je y cBUM aHanu3upaHum ciyyajesuma (y cknagy ca (n. 3).

butho je HanomeHyT! Aa Jen. T He y3uma y 063up NajaBuHe 1 XeTeporeHoCT Y CBOjCTBMMA 3eMJbULLTA Ha PasfnuuTUM NoKaLujama 1
LybuHama. TonnotHa AMQY3NBHOCT 3eM/bULLTA 3aCHMBA Ce HA MPETXOJHOM MO3HaBakby yCTUHE, TOMAOTHE MPOBOA/BUBOCTU W
CneuMdUyHOr TONNOTHOT KanauuTeTa 3eMibUwITa. [Ipyrum peunma, TOnNoTHa Andy3nBHOCT 3aBIUCK OZ BPCTE 3eMIbULLTA U pa3ankyje
(e Of} IoKaLuje rpagme.

4, PE3YNITATU N ANCKYCUIA

Ha HapezHom Aujarpamy (Cn. 5) npuKkasaHa je NOTPOLUKA GUHANHE (eNeKTPUYHE) eHepruje, TOKOM aHanu3upaHor nepuoda (oa 1.
oKkTo6pa 20 30. anpuna), 3a pa3nuuuTe KoHLenTe UHGUATPUpaHUX (cerapno (2-C5) 3eMyHULLA, OZIHOCHO 3a eNeBaLMOHY (CLeHapUo
(6) 3emyHuuy. Ha ucrom pmjarpamy (Cn. 5) npukasaHa je u noTpoLLtba GuHanHe (enekTpuuHe) eHeprije y KNacUYHOM HaZ3eMHOM
rpafeBUHCKOM 00jEKTY UCTUX TeOMETPUjCKUX, rpaheBUHCKIX 1 TepPMOTEXHUUKIX NepdopmaHc (cueHapuo (1), kome je, Kao o je
Beh peueHo, lofe/beHa KOHTpoNHa (nopeabeHa) ynora.
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Cn. 5 — ToTpowba ¢uHanHe (enekTpuuHe) eHepruje TOKOM aHanM3MpaHor nepuoda y pasnnuMTUM TUMOBUMA nop3eMHux 3rpaga ((2-C6) y
oAHocy Ha Hap3emHy 3rpagy (C1)/ Fig. 5 — Final (electrical) energy consumption during the analyzed period in different underground building
types (52-56) in relation to the above-ground building (S1)



Kao wro ce moxe Bugetn Ha (n. 5, y KnacuuHoj, Tj. Hap3emHoj 3rpaau (cuenapuo (1), noTpolukba ¢uHanHe eHepruje 3a rpejatbe je
Hajseha (2808,52 kWh/rog). MoTpowrba duHanHe eHepruje Hewwto je marba y MHT-+C3y (cuenHapuo (2) u MHT+C3; (cueHapuo (2)
3emyHuuama: 2729,99 kWh/rog n 2739,31 kWh/rog, pecnextusHo. HesnatHa npegHoct (2 3emyHuue Hag (3 3emyHuuom (3a 9,32
kWh/rop) moxe ce npunucatin noctojatby octae (Cn. 1). Haume, 3emmuiwute y3 dacagnm 3ua (cnyyaj (2) uma ynory popatHor
usonaumoHor cnoja. Moseharbe oTnopa nponasa Tonnote OBOAM A0 MOBULIEHA ambujeHTanHe Temnepatype y HerpejaHum
npocropujama. (Tora ce M3 HaBeAEHOT MOXe 3aK/byuuTn a ce Kopuwherem 3eM/bULLTA, HA UHANPEKTAH HAuMH, ambujeHTanHe
TemnepaType HerpejaHux NpocTopuja npubauxKaBajy TemnepaTypama rpejaHiux NpocTopuja. Y Hekum cneumduuHiM CyyajeBuma,
0Be Temneparype Mory OuTH 1 CKOpo U3jeSHaueHe.

bormbu pesyntatn y eHepretckom cmucny (14,36% y opHocy Ha 3rpagy y cuenapujy C1, Cn. 5) mory ce noctubin ek y (4 cueHapujy
(2455,85 kWh/rop), kaaa y TOMNOTHOj pa3MeHt (a 3eMIbULLTEM YuecTByje Lena ceBepHa dacada (MoBpwuHe 53,3 m?). 0 cBux
TUNOBA MHGUATPMPAHKX 3emyHULa (cueHapuo (2-C5), 3rpapa u3 cueqapuja (5 uma Hajsehiy KoHTakTHY noBpLunHy (181,8 m?), cora u
Hajmatbe 3axTeBe 3a TonNoTHOM eHeprujom (Cn. 5). 3ato 3emyHuua (5 y oaHocy Ha HaazemHy 3rpagy (1 3axteBa 21,64% (2308,93
kWh/rop) matbe GuHanHe (enekTpuuHe) exepruje.

Hajoorbu peyntatin (1952,75 kWh/rop) mory ce 0ueKiBaTH MaKCUMU3NPAHHEM KOHTAKTHE MOBPLUMHE M3Mely 3rpaje U 3eM/bULLTa
(Cn. 5). To ce He moxe nocTufin y CTyyajy MHGUATPUPaHUX 3eMyHULa. OBaj YCIOB MCMYH-aBa (AMO eeBaLMOHa 3eMYHILIA (CLieHapHo
(6).

MeceuHa noTpolurba ¢puHanHe (enektpuute) enepruje og 1. oktobpa Ao 30. anpuna, y 3aBUCHOCTI of ucnuTaHor cueHapuja (C1-C6),
npuKkasaHa je Ha (1. 6.
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(n. 6 — MeceyHa notpowba GuHanHe (enekTpiuHe) eHepruje TOKOM aHanU3UPaHOr NepuoAa y pasnnuMTM TUMOBUMA NOA3eMHuX 3rpada ((2-
(6) y opHocy Ha Hap3emHy 3rpagy (C1 )/ Fig. 6 — Monthly final (electrical) energy consumption during the analyzed period in different
underground building types (S2-56) in relation to the above-ground building (S1)

Tokom OKTOOpa, MOTPOLIHbA GUHANHE eHepruje y aHanu3MpaHum 3rpagama usHocuna je (Cn. 6): 112,43 kWh/mec (C1), 109,76
kWh/mec (€2), 110,04 kWh/mec (C3), 92,59 kWh/mec (C4), 87,73 kWh/mec (C5) n 71,84 kWh/mec (C6).

MoTpowkba GuHanHe eHepruje y HoBembpy y ucTum 3rpagama buna je (Cn. 6): 407,22 kWh/mec (C1), 396,72 kWh/mec (C2), 397,88
kWh/mec ((3), 359,63 kWh/mec (C4), 339,97 kWh/mec (C5) 1 288,91 kWh/mec (C6).

[Jleuembap 1 jaHyap cy ABa HajxnagHuja Mecelia Tokom roguHe (Ta6. 5, (n. 4). Taaa je MeceyHa NoTPOLLHba GUHANHE (eNeKTpUUHe)
eHepruje Hajseha. TonnoTHY 3aXTeBY Cy MNAK HELTO penakcupaxuju y cyyajy nocnedrer meceua y roaunu (Cn. 6): 631,87 kWh/mec
(€1), 613,27 kWh/mec ((2), 615,26 kWh/mec (C3), 555,98 kWh/mec ((4), 520,64 kWh/mec (C5) n 435,04 kWh/mec (C6).

JaHyapcka notpowtba buna je y Bum aHanu3upaHum ciyvajesuma Hajgefia (Cn. 6): 672,56 kWh/mec (C1), 652,24 kWh/mec (C2),
654,73 kWh/mec (C3), 589,15 kWh/mec (C4), 50,7 kWh/mec (C5) n 460,04 kWh/mec (C6).

Y debpyapy, mapTy 1 anpuny, cnosballitba TeMnepaTypa Ba3fyxa pacte ca (BakM HapefHUM MeceLoM, Na 3axTeBu 3a TOMNOTHOM
€Heprujom nponopuMoHanHo onaaajy. Y debpyapy cy ce kpetanu usmehy 534,57 kWh/mec (C1) n 368,38 kWh/mec (C6), nok cy y



mapTy oHu 6unu u3mehy 376,09 kWh/mec (C1) n 266,28 kWh/mec (C6). Y anpuny je noTpoLLtba GuHanHe eHepruje buna Hajmarba, Tj.
usmehy 73,79 kWh/mec (C1) n 62,26 kWh/mec (C6).

/13 HaBeZeHOr ce MOXe 3aKibyunTh Aa Ce TOKOM TOMAMjUX MeceLl (Be aHanu3upaHe 3rpaje, y TEPMUUKOM CMUCTY, MOHALAjy
npubnuxKHo ncto, 6e3 0631pa Ha BENNUNHY KOHTAKTHe MOBPLUMHE Koja ce ocTBapyje U3mely rpafieBUHCKMX enemeHaTa i 3eM/buLuTa
(Hnp. mecewy anpun, Cn. 6). Pasnor cy, npBeHCTBEHO, CONApHHN TONAOTHI 206ULK, Koju HajBefinM 1eNoM y (BaKy 30HY l0CneBajy Kpo3
TpaHcnapeHTHe enemenTe. TONNOTHM Ao6uLy, NpupoaHIUM NyTeM, 63 ynaratba eHepruje, MOAWXY YHYTPaLUHbY TemnepaTypy (Hnp.
cnaeaha coba 1, (n. 7).
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Cn. 7 - lpoceyHa AHeBHa TemnepaTtypa y cnaBahoj cobu 1 ToKkom aHanM3upaHor nepuofa y 3aBUCHOCTI 0 ncnutaHor cueHapuja (C1-C6) / Fig. 7 —
Average daily temperature in bedroom 1 during the analyzed period depending on the scenario (51-56)

Y 33BMCHOCTIA 0 MHTEH3WTETa CONAPHOT 3pauetba, YHYTpallkba TeMnepaTypa y NpoCTopuju Hekaja MoXe MPeKopaunTy esbeHy
BPEAHOCT U 33 Hekonuko ctenenu (Cn. 7), Tpaxehm fofaTHo ynarake eHepruje, 0BOT NyTa pacxnafHe, M TO KPO3 aHTaXoBarbe
KIMMaTU3aLMOHNX CucTeMa (YKoNnKo noctoje y 06jexTy).

lopes yHyTpaLtbe TeMnepaType Ba3ayxa, Ha yCioBe KOMGOopa yTULAj MMa 1 TemnepaTypa Cnosballikbix rpalieBUHCKUX enemeHara ca
YHyTpaLukbe cTpaHe. Ha HapegHum ciukama (Cn. 8, 9) npukasaHe cy npoceyHe Temnepatype CeBePHOT, OJHOCHO 3anajHor, 3uja
YHYTpalLbe cTpaHe, y cnagahioj cobu 1, ToKoM NOMEHYTOT ceAMOMECEUHOT NEPU0Ja, 3a (BE aHANU3NpaHe Cyyajese.
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Cn. 8 — MpoceyHa AHEBHa TeMnepaTypa CEBEPHOT CMOJballkber 3iAa Ca YHYTPalLkbe CTpaHe y cnaBafioj cobin 1 TOKOM aHanu3upaHor nepuoaa y
3aBUCHOCTM ofy ucnutanor cueHapuja (C1-C6)/ Fig. 8 — Average daily temperature of the north exterior wall on the inside of bedroom 1 during the
analyzed period depending on the scenario (51-56)
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Cn. 9 — MpoceyHa AHeBHA TeMNepaTypa 3anaZHor CMofballlkber 3 (A YHyTpaLltbe CTpaHe Y cnaBafioj 06U 1 TOKOM aHanu3upaHor nepuoga y

3aBUCHOCTYM off ucnutanor cueHapuja (C1-C6) / Fig. 9 — Average daily temperature of the west exterior wall on the inside of bedroom 1 during the
analyzed period, depending on the scenario (51-56)

[llobpo je no3HaTo Aa cBa Tena TONNOTHY eHeprujy pa3merbyjy U nyTem 3pauetba. Takofe je N03HaTo 11 Aa 0BU U3HOCK eHepruje 3aBuce
0f Temnepatype Tena. Buiwa temnepatypa, y 0BOM Cyyajy cnofballtbux nperpasHux enemenara (Cn. 8, 9) ca yHyTpalLbe cTpaHe,
CMatbyje U3HOCe eHepruje Koje YoBeK eMuTYje Ka UMa. Y TakBUM OKONHOCTMMA, YoBeK ce ocehia focta npujaTHuje. MomeHyTn
edekar sonpuHocu 11 u36eraBary Tauke poce, Tj. KOHAEH3aLuje BOfeHe nape Ha yHyTpaLlkbUM (TpaHaMa Cnofballikbix rpafjeBUHCKIX
eneMeHata, NPBEHCTBEHO 31108 1 NnadoHa (KpoBa).

Yecto ce y npakcu mory Hafin ciyyajesu fa ce Jbyau y HeusonoBaHum kyhiama He ocefiajy KOMGOPHO Y TOMNOTHOM CMUCTTY, MaKo
TepMOCTaT MOKa3yje e/beHy TemnepaTypy Basjyxa y Mpoctopuju y kojoj ce Gopasu. Pasnor je ynpaBo Hucka Temnepatypa
CnomballkbyiX rpafeBUHCKIX enemMeHaTa (a yHyTpalltbe CTpaHe, na jbyu Y BefitM U3HoCUMa 0fajy TOMNoTY nyTem 3pauetba. Y Cryvajy
3eMyHWLa, 0Baj HeraTUBHM eeKar ce u3berasa.

5. 3AK/bYYAK

0OBaj pag 6aBuo ce eHepreTCkMM acnekTuma Kopuwherba pasHiux TMNOBA 3eMyHULA Y caBpemeHoj apxuTekTypu. [la bu ce cnpoene
KerbeHe aHanu3e, kopuwheH je cumynaunorn codraep EnergyPlus. Qokyc je cTaB/beH Ha UHOUATPUPAHE U eNeBaLMOHE 3eMYHULE,
jep ce jeanHo wixoBa eBeHTyanHa byayha npumena Ha Teputopuju Cpbuje Moxe cMaTpaTi ONPaBLAHOM Y eHEPreTCKOM CMUCTY.

Ha KoHKpeTHOM Mogeny jefHOMOpOAUYHOr CTambeHor objekTa (nouupaHoM Ha npoctopy rpaga Kparyjesua) onpemibeHor
reoTepManHuM BepTUKANHUM COHAAMa, TOMOTHOM MyMNOM 3eM/ba-BOJa, MOAHMM MaHeNHUM Tpejaunma v oprosapajyfium
LMpKyNaLUoHIM NyMNama, aHanu3mnpaHa je rofuiLiba noTpoLLtba GuHanHe (enekTpuuHe) eHepruje 3a rpejarbe, 1 T0 y 3aBUCHOCTY 0
6poja rpaeBuHCKUX enemeHaTa ca 3emibaHum Hacunom. Cepmomeceunn nepuod (of 1. oktobpa o 30. ampuna) y3et je y
pa3maTpatbe y 0BOM paay, jep je, 3a NoZHe6/ba ca YMEPEHO-KOHTUHEHTASHOM KIMMOM, OBaj BPEMEHCKI JOMEH BPJIO OCET/bUB Y
€HepreTCKoM CMUCNY.

MoTpowtba GUHaNHe (eNeKTPUYHE) eHepruje y WHOUATPUPAHUM W eNeBaLMOHMM 3eMyHULAMa yropefieHa je ca MoTpoLLHOM
dUHanHe (eNeKTPUUHe) eHepruje Y KNacUUHOM Haf3eMHOM 06jeKTY, UCTUX TeoMeTPUjcKUX, rpafieBUHCKUX U TEPMOTEXHUYKUX
nepdopmaHcu. Pe3ynTaTit ¢y Mokasanu fa ce rofuLlitba NOTPOLUHba GUHANHE eHepruje 3a rpejatbe Y eneBaMoHUM 3eMyHULAMa
MoXe penykoBaTu npeko 40% (y3 60/be TepMInUKe YCIOBE), y OAHOCY Ha HaJI3eMHe 3rpaje.

WNaKo 3eMyHULe KapaKTepULLy BULLN NOYETHI (MHBECTULMOHM) TPOLLKOBI, HOBYAHM JOGULI TOKOM CaMe eKCnnoaTaLmje 0BaKBYX
objexaTa TOKOM BpemeHa KOMNeH3yjy 0Baj HefocTaTak. Moxe ce ouekuBaTH fa ce nepuop noepahaja ukBecTuumja y 6yayfiHocTn
cKkpahyje, 3ajeAHO ca ycaBpLuaBakeM rpalleBUHCKUX MaTepHjana, Koju ¢y 1 JaHac Ha 3aBUAHOM HUBOY KBanuTeTa. JenaH op byayhux
NPaBaLa UCTPaXuBaHba 3eMyHULA YNPaBo Tpeba 6uTi ycMepeH Ha AeTalbHe TEXHOEKOHOMCKE aHanu3e U NpopauyHe Kojiu ce 0fHoce
Ha nepuog noBpafiaja NoUeTHUX UHBECTULIW}A, @ KOju 61 Y 0031P y3e1 aKTYeNHE TPXKULLHE LiEHe.



(aBpeMeHV apxXUTEKTOHCKN U rpaleBUHCKM Au3ajH He bu Tpebano Aa 3a06una3u oBakee 3rpaje, NOTOTOBO aKo Ce y 063up y3my
uMbEHNLE [a je MOTPOLLHbA GUHAHE eHepruje y cTambeHom cektopy Penybanke Cpbuje n Aarbe AocTa BUCOKA, Aa Be Befint 6poj
JbYAN XKMBY Y TPaZlOBUMA, [ia Ce Ce0CKa Hacesba race, a NosbONPUBPEAHI CEKTOp YpylwaBa. Behia umnnemenTaumja 3emyHuua Ha Ty
Penybnuke Cpbuje, Ha nokaumjama NOTOJHUM 3a HIXOBO NOCTaBIbatbe, ycMepuna 6u ApxaBHe opraHe Aa fonyHe orosapajyfe
npaBHe 1 3aKOHCKe aKTe Y 061acTi eHepreTcke eQUKACHOCTM Y 3rpafapcTBy. Tume 61 61O HaNPaBIbEH joLU jeflaH KOpaK Ka [MaBHOM
LMIby — J0CTU3atbe OJPXMBOT Pa3Boja.

6. 3AXBAJIHULIA

OBaj paa mpencTaB/ba pesynTate WCTPaXMBatba HaCTanuX y OKBMPY Npojekta MuHMCTAapcTBa Hayke, TEXHOMOLIKOT pa3Boja W
uHoBauuja Penybnuke Cpbuje (6poj TP33015). 3axBarbyjem ce MUHUCTApCTBY HA GUHAHCH]CKOj MOAPLULIA TOKOM OBOT UCTPAXKMBatba.
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