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Y 06om pady npedcmasswen je nogu nacusuu conapru Ou3ajn y 32paoapcmay, Koju ce Mojce Kopucmumu
¥ yumy pedykosarba nompowive (unaiie u npumaphe) enepeuje 3a epejaroe u emucuje CO2. Haume,
nO3UMuUEHU epekmu 00 2paorve enesayuonux 3eMyHuya 000amuo ce Moy nojauamu npemasusaroem
Jyorchux  gacaonux 3udosa (epahesuncku enemenmu Koju HUCy y HenocpeoOHOM KOHMAKmy ca
semmuuimem) oozosapajyhum cenexmushum npemasuma. Hymepuuxom ucmpasxcusarvy buna je noo-
8peHyma eneeayuoHa 3emynuya Ha mepumopuju epada Kpazyjesya, moodemupana y ckaody ca
Ipasunnuxom o enepeemckoj epuxacrhocmu sepada. Cumynrayuonu cyenapuo 6uo je basupan na cie-
Oefium sapujabnama: OebpuUHA CMUPONOPa y KOHCMPYKYUjU jyxcuux pacaonux 3uoosa (npea eapu-
jabna) u onmuuke (anCOpRMUEHOCH U eMUCUBHOCT) KAPAKMEPUCTIUKE CeleKMUBHUX npemasa (Opyea
sapujabaa). Hako je ynompeba cenekmugHux npemasa yeragHoM 02panuiena Ha ancopbepe colaprux
npujeMHUKa 3a 3azpesarbe 600e, BUX068A NPUMEHA y 32padapcmey maxohe modice bumu 00 6eauUKoe
3Hauaja.

KbyuHe peun: eresayuona semynuya, ceneKmueHu npemas, jyjicuu ¢acaonu 3u0, nAcuGHU CONapHu

ousajn, Google SketchUp, EnergyPlus
1. YBOJ

Onpehene ananuse [1], u3BpineHe Ha cTaMOEHOM
cextopy EVY Toxom 2021. rogune, nokasaine cy ga ce
HajBehy M3HOCH (PMHAITHE eHEeprHje W3/Bajajy 3a Io-
Tpebe rpejama (64,4%). Ctude ce yrucak na he ctpyka
y OyayhHOCTH joIl MHTCH3MBHHjE PaguTH HA IPO-
MOBHCabY CHEPreTCKH e(PUKACHHUX 3rpaja, Koje MOTy
6utu [2]:
®  HHCKO EHEepreTcKe 3rpaje,

e  [IaCHWBHE 3Tpaje,

e 3rpaje HyJTe EHEprHjc;

®  ayTOHOMHE 3rpaJe;

e  3rpaje ca BUIIKOM €Hepruje

Moxe ce O4eKHBaTH Ja 3rpaje HacyTe, Tj. Mpe-
KpUBEHE 3eMJBHUINTEM (JISTUMUYHO WM TIOTIYHO), T3B.
semynuiie [3, 4], moHOBO OyIy mpeaMer HIMpEer HH-
TepecoBama.
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3eMyHHIIE Cy Y TPOILTOCTH yrIIaBHOM OuIle Kapa-
KTEpUCTHYHE 33 HAarHyTe TePeHE ECKOBUTOT U LIUbYH-
KoBHTOT Kapakrtepa [5]. OntumanaH OZHOC MHKPO H
MakKpo Iopa y CTpyKTYpH IIOMEHYTUX THUIIOBA 3€MJbU-
mta [6] cMamyje omacHOCT o1 aTMOC(hEpPCKHX Maja-
BUHA, TAJIOXKEHa U MPOIUpaka BOAE YHYTap 3rpaje,
MojaBe Bjare, Kao U ypyiiaBama came 3rpaje (3eMJbH-
mte 3acuhieHo BOJOM JOJAaTHO BPIIM MPHTHCAK Ha
rpal)eBHHCKE €JIEMEHTE ca KOjuMa je Yy HEMOCPeIHOM
KOHTAKTY).

JaBibambe OMIIO KOT O TIOMEHYTHX HETAaTUBHHX
edekata JOBOIU y NHUTAKkE Jajby CKCIIOATaIHjy 3€-
MyHuna. benegurn on kopumihema 3emMIbHIITa KA0
JIOJATHOT HM30JIAIMOHOT MaTepujana OWBajy, y TOM
CIIy4ajy, 3Ha4ajHO peyKOBaHH.

MelyTum, ucti HeraTUBHU edekTH 6e3 mpobiema
Mory OuTH npeBa3ul)eHl ymoTpeOoM caBpeMeHHX Ipa-
heBuHCKHX MatepHjana [7], XHIPOU3OIAIMOHUX Ma-
Tepujana [8], ApeHaxkHe rpajambe [9], HapaBHO, y3 TO-
JpIIKY oAroBapajyher apXuTeKTOHCKOT IPUCTYTIA.

3eMyHHIIE Ce AaHac rpajie Ha TOTOBO CBUM THIIO-
BHMa 3eMJBHINTA (M TIMHOBHTHM), Ia Cy Y OJIHCKO]
MPONLIOCTH OWIIe MMPeIMET HHTEPECOBama oapeheHor
Opoja pamoBa, cTyauja, Mpojekara U eKCliepuMeHaTa,
kako crpanux (bpaswuin [10], Erunart [11], Upan [12],
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Hurepuja [13], Pycuja [14], CAX [15], utn.), Tako u
nomahux [16].

CBH OHHM HATJIAIABA]y U3y3eTaH eHePTeTCKU, EKO-
JIOIIKK ¥ €KOHOMCKH MOTEHIIMjall U 3HAYaj 3¢MYHHIIA,
jep ce Ha WHIMPEKTAH, Tj. MACHBAH HAYUH KOPHUCTE
napamerpu Jiokanudje [17], 0oAHOCHO OOHOBJBMBH H3-
BOpH eHepruje. Y TPBOM pefy CoJlapHa M reoTepMall-
Ha.

Jla 6m ce comapHa eHeprija IaMeTHO KOPUCTHIIA Y
[IJbY peayKOBarba MOTPOLIkE (pUHATHE SHEpruje 3a
notpebe Tpejama, MOKEBHO je na jyxHu (acagHu
3UI0BH (BaKH 3a CeBepHY Xxemuchepy), 6e3 003upa Ha
i 3emyHune [18], yBek 6yay cIoO0IHY | IITO TyXKH.
YnpaBo oBakaB Iu3ajH HyAu JoAaTHe MoryhHocTu 3a
nmacuBHO Kopuinheme eHepruje CyHIa, peruMo, MpH-
MEHOM CEJIEKTHBHUX IIpeMasa.

Haxo cy ceneKTHBHM IpeMasu KapaKTepUCTHIHU
3a aricopOepcke IuioYe y KOHCTpYKIHjaMa COJIApHHX
IpUjeMHUKa Koju eHeprujy CyHIa KOHBEPTYjy y TO-
IUIOTHY (AaKTUBHUM COJIADHHM CHCTEMHMA), Y PaJio-
BuMa [19-22] Beh je uctpakena nmpumena 13B. Cere-
KTHUBHHUX COJIApHUX (hacaja, Tj. alCOPITUBHOCT U €MHU-
CHBHOCT CIIOJBhAIIHHX (hacaHUX 3UIOBA.

Jobpe onTHuke KapaKTEpUCTUKE OBUX rpal)eBHH-
CKHX elleMEeHaTa, Yhja je yJiora cajJa eKBHBaJICHTHA
OHOj KOjy MMajy paBHE arcopOepcke Iuiode y cojiap-
HUM IIPHUjEMHUIIMA, YIPABO CE€ MOCTIKY HHUXOBHM
criospantmbuM [23-27], ogHocHo yHyTparmmum [28, 29]
MPEeMa3uBakbEM Y TAHKOM CJIO]Y.

[nse oBoOT paja je 1a ce HampaBy jolI jelaH HCKO-
pak y OMO-KJIMMaTCKO IMacHBHOM HPHCTYIY Ipalibe,
OJIHOCHO TOMyJIapHU3alliju 3€MyHHIA Ha TEPUTOPHjU
CpOuje. Ha mpumepy jeaHe eneBanyoHe 3eMyHHIE Y
Kparyjesity (cTynunja ciyuaja), HyMEpHUKH Cy UCTpa-
KEHH EHEepPreTCKH, EKOJIOIIKH U €KOHOMCKH aCIeKTH
Kopumhema CEIEKTHBHUX TIPeMasa pa3InIuTHX OIITH-
YKUX KapaKTePUCTHKA y KOMOMHAIMjU Cca PasInYUTHM
neOJpiHaMa CTHUpPONOpa y KOHCTPYKIMjaMa jy>KHHX
(acagHuX 3um0Ba. Y CBUM CHMYJIAIIMOHUM CII€HAPH-
juMa, jykHU (hacaTHH 3UIOBH CBUX IpocTopHja (Tep-
MHYKHUX 30Ha) HCTOBPEMEHO Cy OWJIM mpemas3aHH, ca
CTIOJbAIlIEbe CTPaHe, UCTHUM THIIOM CEJIEKTHBHOT Mpe-
Maza. 3a motpebe OBe CTyauje, KOpHIIheHH ¢y cod-
tBepcku maketu Google SketchUp (za medunmcame
reoMeTpuje aHanusupane 3rpajae) u EnergyPlus (mpo-
padyH eHepreTcKuX TOKOBA y 3rpaid Ha 0a3u MeTone
KOHAYHHX Pa3iIUKa).

2. [TPEJMET UCTPAXVMBABA

2.1 Onuc 3epade

[IpenMeT ucTpakMBama je MoA3eMHa 3rpaja, Tj.
eneBarona 3emyHnuiia (cinvka 1) ykymHe HEeTo mo-
BpIIKHE noAa Ha Ty 102,5 m? (ciuka 2).
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Cauxa 2 — OcHosHe epalhesuncke mepe eresayuone
semynuye [16]

Eneparona 3emynuiia (ciuka 1, 2) HaMemeHa je
CTaTHOM 6OpaBKy deTBopowiane mopoauiie. Ctora ce
cactoju ox 8 IMPOCTOPHja, Tj. TEPMHUKHX 30Ha (CIHKa
3): cnasaha co6a 1 (17,5 m?), cnasaha co6a 2 (9 m?),
cnasaha co6a 3 (9 m?), kynaruno (6 m?), xonuuk (26
m?), nueBHa coba (25 m?), kyxuma (6 m?) u octasa (4
m2).

Ca nusbeM J1a ce MAaCHMBHUM IPUCTYIIOM €HEpruja
CyHna mro 00Jbe HCKOPHCTH, jy>KHU (hacagHu 3HJ
CBakKe MpocTopwuje je caoboman (ciuka 1-3).

Cnuxa 3 — I[Ipocmopha opeanuszayuja eiesayuone 3e-
mynuye [16]: (1) cnasaha coba 1, (2) cnasakhia
coba 2, (3) cnasaha coba 3, (4) kynamuno, (35)
Xo0Hux, (6) omesna coba, (7) kyxumwa, (8)
ocmasa

Enearmona 3eMyHHUIIA je MOJEIUpaHa Y CKIATy
ca [IpaBUITHIKOM O €HEPreTCKOj CPUKACHOCTH HOBHX
srpama [30]. Bpemnoctn koedwuimjeHata mposiasa
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TOIUIOTE CBUX Trpal)eBUHCKUX eJeMEeHaTa MOYEeTHOT
MoJIejia 3rpajie Haja3e ce y J03BOJbEHHM IpaHullama
(Tabena 1).

Tabera 1. Bpeonocmu koeduyujenama nponasa
monnome 3a 2palje6uHcke elemMenme mepMuiKo2
omomaua enesayuone zemynuye [16, 30]

2.3 lapamempu nokayuje

Kparyjesar (44,02° ceBepHe reorpadcke MIHpPHHE
u 20,92° ucrouyne reorpadcke MyKUHE) je Trpan y
nenTpayHoM ey CpOuje. Hanasu ce Ha HagMopceKoj
BucuHH o7 209 m. KitnMa je yMepeHO KOHTHHEHTaIHa
(rabena 2).

Tabena 2. Memeoponowxku nooayu 3a Kpazyjesay

U spennoct [W/m?K]
T'paljeBHHCKH elleMEHT -

YcBojeHo Jlo3BoJbEHO
MOJ Ha Ty 0,3 0,3
CIIOJBAILELH U] 0,3 0,3
3U] Y Ty 0,3 0,35
paBaH KpOB U3HA] 015 015
TpejaHoT IpOCTOpa ' '
paBaH KpoB U3HA[
HErpejaHor mpocTopa 0.15 0.3
Hpo3opH 15 15
CHOJhallliha BpaTta 1,6 1,6

2.2. Onuc cucmema epejarba

TepMuuKOM TpeTMaHy, TOKOM aHAJIM3HPAHOT TIe-
puoga (ox 1. oxktobpa mo 30. anpuina), TOABPTHYTO je

98,5 m? (ocTaBa ce He rpeje).

I [W/m?]
Mecenr | Tair [°C]

Judysso | JAupextHO
| -0,24 33,30 63,63
I 0,88 49,39 86,66
11l 5,57 77,08 106,12
v 10,87 92,65 149,02
\Y% 16,06 113,30 176,45
VI 18,85 109,50 208,94
VIl 20,78 110,60 228,12
VIII 20,38 96,25 215,40
IX 16,68 75,54 166,92
X 11,18 57,34 119,43
XI 6,08 39,83 64,51
Xl 1,13 28,66 58,86

VYiora reneparopa TOIUIOTHE €HEPrije y CUCTEMY
[EHTPAITHOT Tpejarba JOJCJbeHA je TIeOTePMATHO]
tomtotHoj mymnu REHAU GEO 7 (ciuka 4).

HomuHanHa cHara KOHIEH3aTopa TOILIOTHE MyM-
e je 7,3 KW, ipu uemy je koeduiijeHt nephpopMancu
4,56. HoMuHanmHa cCHara KOMIpecopa je y TOM CiIy4ajy
1,6 KW.

Ca crioJpaiiibe cTpaHe, TOIUIOTHA MyMIIa je crpe-
THyTa ca 2 reorepMaine conze. JlyOnHa coHIM je 1o

73,2 m, mMa je »UXOoBa YKyIIHA HOMHWHAJIHA cHara 5,7
kw.

7
%
%
7
¢
?
7

O———

Cnuxa 4 — Cucmem yemmpanunoz zpejarba ca 2eo-
MepMAIHOM MONIOMHOM HYMHOM ) elesd-
yuonoj zemynuyu [16]

Ceaka mpocropHja je (ca yHyTpalllse CTpaHe)
ONMpeMJbCHa OAroBapajyhriM IMOJAHUM TaHETHUM
rpejadeM M TEPMOCTATOM KOjU PETYJIHIIE MaceH!
MPOTOK pagHor ¢uynna (Boae) ma O ce ompasaia
JKeJbeHa YHYTpallllba aMOHjeHTaJHa TeMIIepaTypa
(20°C, Baku 3a cBe TpejaHe IPOCTOPH]e).
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3. TOK UCTPAXKVBABA

HcToBpeMeHUM M3NarameM jyxXHHUX (pacamHux
3MI0Ba CBUX TEPMHUYKHX 30HA €NIEBAI[IOHE 3EMYHHIIE
WUAGHTUYHNM H3HOCHMa COJIAPHOT 3pauema (IpBEH-
CTBEHO ICTOBOj TUPEKTHO] KOMIIOHEHTH) CMambyjy ce
moTpede 3a TOIUIOTHOM €HEPTHjOM, H TO 33 H3HOC KOjH
je onpehen comapuumM ynagaum yriaom [31, 32], 3a, y
OBOM CIIy4ajy, BEpTHKAJHY, (UKCHY, PaBHY, IOBp-
IIUHY, OPHjEHTUCAHY Ka jyTYy.

Tabena 3. Tepmuuxe u onmuuke KapaKmepucmuxe
Jyorcnux  pacadnux 3ud08a y 3a8UCHOCMU 00
ucnumanoz cyenapuja [16, 33]

[pBa Bapujadna

nebsprHa cTupomnopa [cm]

o |2 Ja Je |8
oxrosapajyha U speanoct [W/m?K]

107 |07 Jos2 o042 Jo3s [o3
IpyTa Bapujadia

KOS(HIIH]EHT arnCOPITHBHOCTH

0,93* 0,9 09 0,9 0,9
09 0,9 09 0,9 0,9
KOe(ULIMjeHT EMUCUBHOCTH

0,9* 0,1 0,2 0,3 0,4
0,5 0,6 0,7 0,8 0,9

* Peghepenmmue epeornocmu

Jla 6u ce TorutoTHH noOWIM (ca jemHe CTpaHe)
nonatHo moBehamu, a TOIIOTHH Tryoumu (ca apyre
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CTpaHe) JOJaTHO CMamIIIH, Y OBOM pany paspabeH je
BEIIMKU Op0j CHMYJIAIMOHUX clieHapHuja (mux 60) ma
Ou ce onpenuia Beza U3Mel)y TEpMUYKHAX U ONTHYKUX
KapaKTepHCTHKA Jy>KHUX (pacagHuX 3UI0Ba M MOTPO-
ke eHepruje ((GuHaHE W MPUMAapHE) TOKOM CEeIMO-
MECEYHOT TIepUo/ia, ITO O ce ajbe MO3UTHBHO O/Ipa-
3MJI0 HA EMHUCH]y TacoBa CTakieHe Oaire (tabena 3).

Pedepentne (movetHe, ycBOjeHE) BPEIHOCTH OII-
THYKHX KapaKTepUCTUKA jyKHUX (c1o00mHuX) daca-
naux 3umosa cy: 0,93 (3a amcoprruBhocT) 1 0,9 (3a
€MHCHCBHOCT), pecleKTHBHO. OBE ONTHYKE BPEIHO-
CTH Bake 3a MyHy (acamuy muriy [16] u qocTynHe cy
y [33]. ALICOPITHUBHOCT Pa3sIMYUTHX TPaljeBHHCKHX
MaTepHjaia Moxe ce mpoHahn y [34], a eMUCHBHOCT y

[35].

N3 Tabene 3 Moxke ce BuAETH Na ce AeOJbUHA
cTuporopa (TpBa yTrullajHa Bapujadna) Mema o1 0 cm
(6e3 ctupomopa) mo 10 cm (kopak omeparba 2 ¢m).

Koedummjenr ancoprntuBaocTH (Tabena 3) je yBek
uctu (90%), 1ok ce KoeHIHjeHT eMUCHBHOCTH (Ipy-
ra yrunajua Bapujabma) mema ox 10% mo 90% (ca
KopakoM nomepama of 10%).

Tabena 3 mokasyje a ONTUYKE KapaKTEPUCTHUKE
He yruuy Ha U BpemHocT, jep je meOspMHA MpemMasa
3aHeMapJpuBa [36].

4. PE3VJITAT HCTPAXKXIBABA

Ha mapensom mujarpamy (Ciivka 5) mpuKasaHu Cy
pe3yNITaTd UCTpaXkuBama (mpema tabenu 3).

Je6spuHa cTipomnopa [cm]
0 2 4 6 8 10
09,01 16,98 16,75 16,66 16,62 16,6 16,58
0,9;0,2 18,15 17,59 17,32 17,16 17,05 16,98
0,903 19,18 18,32 17,89 17,62 17,45 17,32
§ y 0,9;0,4 20,1 18,96 18,38 18,03 17,79 17,62
§ Eg 0,9;05 20,91 19,53 18,82 18,38 18,09 17,87
g % 0,9;06 21,65 20,03 19,2 18,69 18,35 18,1
% % 0,9;0,7 22,31 20,48 19,54 18,97 18,58 18,3
£ 5 0908 22,92 20,89 19,85 19,22 18,79 18,47
E‘ E 0,9;09 23,47 21,26 20,13 19,44 18,97 18,63
g —g 0,93;0,9 - 22,18 20,83 20,01 19,45 19,05

Cnuka 5 — [lompowrsa dhunanne (enekmpuune) enepeuje y en1e6ayuoHoj 3eMyHUYU y 3a6UCHOCIU 00 MEPMUYKUX
U ONMUYKUX KAPAKMEPUCMUKA JYIHCHUX PACAOHUX 310084

[Totpomma ¢uHamHE (SNEKTPUYHE) SHEpruje 3a
rpejame, on 1. okrodpa mo 30. ampuna, HajBeha je
(2543,03 kWh, T1j. 24,81 kWh/m?, ciuka 5 — tamHO
miaBa 60ja) kKaga Cy jyXHH (acaTHu 3UJOBH CBHUX
npocropuja Heuszonosanu (U=1,07 W/m?K) u ca cro-
JballlEhe CTPAaHe HECEJICKTUBHO MpeMasaHu (arcopITH-
BHOCT 0,93 n emucusHoCT 0,9).

Ca npyre ctpaHe, IOTpoIIkHa HHUHATHE (SIECKTPHU-
YHE) CHEeprHje, TOKOM HCTOT IEpHoja, je HajMamba
(16,58 KWh/m?, cnuka 5 — upseHo TamHa 6oja) Kaaa
CY jy>KHH (pacalHU 3UTOBH CBUX IIPOCTOPHja TOILIOTHO
n30J0BaHu cruporopom nebssune 10 cm (U=0,3
W/m?K) 1 MCTOBpEMEHO NpeMa3’aHu ca CIOJHALIbE
cTpane Matepujasiom (6ojoM, (apObom) uU3y3eTHHX
E€MHCHOHUX O0cOOMHAa (KOC(UIMjEHT EMHUCHBHOCTH
0,1).

Ckana 00ja Ha CIUIM 5 TIOKa3yje U Ja ce JoJaTHe
yirene ox Kopumhema CeNeKTHBHUX IpeMasa cMa-
Byjy ca noBehameM neOJpMHE CTHpOINOpa, Tj. CMa-
BEHEM Koe(UIMjeHara mpoinas3a toriore: ca 24,81-
16,98=7,83 kWh/m? — ymrene cy 31,56% (6e3
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crupornopa), Ha 2,47 KWh/m? — ymrrene cy 12,97%
(ctuporniop nebssune 10 cm).

AKo ce (OKyC TTOCTaBH Ha ONTHYKE OCOOMHE aHa-
TU3UpaHUX TUTIOBA MpeMasa, ckaya 0oja mokasyje na
ce KopulNeHmEM BHCOKO CEJCKTHBHUX IpeMasa
(emucuBHOCT 0,1) MOXe y moTmyHocTH M36ehu yrmo-
Tpeba HM30NAIMOHNX MaTephjajia y KOHCTPYKIHjama
JyXHHX (acagHMX 3UA0BA. 3a BUCOKO CEJICKTHUBHE
HEW30JI0BaHe jy)kHE (acajiHe 3UI0BE MOTPOIIHa (Pu-
nanue enepruje je 16,98 KWh/m?. 3a Bucoko cene-
KTUBHE jy)XKHE (hacagHe 3UIOBE HM30JI0BAHE CTHPO-
nopoMm nebspuae 10 €M, oBa motpomma je 16,58
KWh/m?. Jlakne, ymrene cy 3anemapsbuse (2,36%).

Ckana 0oja je 3rojHa W3 jOII jEJHOT pa3Jora.
Haume, oBakaB HauwMH rpauuKOr MPHKA3UBamba, Mo-
MaXke J1a Ce OJpEIc ONTHUYKEC W TEPMHUKE KapakTe-
pHUCTHKE jy>XKHMX (acagHUX 3HI0Ba IPHU KOjUMa OH
MOTpoIIha (GUHATHE SHEepruje Oria MPUOIKHO jel-
Haka. M3oeHeprercka moJjka KOja OIroBapajy Iio-
Tpommky (uHaTHE eHepruje y wu3Hocy ox 18,31
KWh/m? (amanorno nojMoBuma: u3o0apa, M30Xo0pa,

TEHNIKA — NASE GRADEVINARSTVO 78 (2024) 3
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UTH.) MOry ce moctuhm y ciueiaehuM ciaydajeBUMa

(cnuka 5):

e 18,15 kWh/m? (emucusnoct 0,2 M Ge3 cTupo-
nopa),

e 18,32 kWh/m? (emmcuBHocT 0,3 M CcTHpOIOp
nebsprHe 2 cm),

e 18,38 kWh/m? (emmcuBHocT 0,4 M cTHpOIOp
nebsprHe 4 cm),

e 18,38 kWh/m? (emmcuBHocT 0,5 M CTHpOIOp
nebspHrHe 6 cm),

e 18,35 kWh/m? (emmcuBHocT 0,6 M CTHpOIOp
nebsprHE 8 cm),

e 18,3 kWh/m? (emmcurocr 0,8 u cTupomop

ne6spune 10 cm).

[ToTpomma npumMapHe eHepruje 3a morpebe rpe-
jarba, TOKOM aHaJIM3UPaHOT Ieproa, oapelhyje ce kao
MPOW3BOJI TIOTPOIIKHE (GUHATHE (Y OBOM CIIy4ajy eje-
KTPUYHE) EHEPIHje U KoePHIHjeHTa TpaHchopMalyje,
1j. hakTOpa mpeTBapama, KOju 3aBHCH OJl BPCTE €He-
prenra. Kako je xoeduiujeHT TpaHcopmaidje 3a
SJIEKTPUYHY eHepTHjy 2,5 [25], moTpomima IpuMapHe
SHepruje y HajIoBOJbHUjeM Cityuajy u3Hocu 4.248,63
kWh. V HajuenoBospHHjeM CiIy4ajy, OBa IMOTPOIIEHA
6ua 6u 6.357,56 KWh.

ITocnenuie no *XUBOTHY CPEAMHY, 300T pexXUMa U
HaYMHA paja CHCTeMa IIEHTPAITHOT Tpejama ca reoTep-
MAJTHOM TOIUTOTHOM ITyMIIOM, MOTY C€ TIPaTUTH KPo3
€MHCHjy TacoBa CTakJeHe OamTe. Y MpBOM pely eMH-
cuje COz. [Ipu ynanpen nedhuHICAHUM PaTHUM YCIIO-
BHMa, 3a repuoa ox 1. okrodpa no 30. anpuia, eMu-
cuja CO2 kpehe ce mmely 2.251,77 kg (emucuBHOCT
0,1 u U=0,3 W/m?K) u 3.369,51 kg (HeusonoBanu u
HECEJICKTUBHU Jy»HH (DacaJHu 3UT0BH).

Ha wapeanum ciukama (cnuka 6-8), 3a crmaBahy
co0y 2, 3a aHaJIHM3WPaHU MEPUO, IPHUKa3aHEe Cy MPO-
CCUHE THEBHE BPEIHOCTH KAPAKTCPUCTHYHHUX TEMIIC-
patypa: Ba3ayxa y mpocTopuju (ciuka 6), jy>KHOT
(hacaHOT 3UJ1a ca CIIoJbAIlLE CTpaHe (CIIMKa 7) U jyxK-
HOT (hacaJTHOT 3u/1a ca YHyTpallkhe cTpaHe (ciuka §).

Ha ce aumjarpamMu He OM y BU3YEITHOM CMHCIY
onrtepehuBany, mpukazaHe Cy KOMOHMHAIMje 3a J1Ba
rpanndna caydaja npee (U=1,07 W/m?K u U=0,3
W/m?K) u apyre (3a emucusnoctu 0,1 u 0,9) Bapu-
jabune (cnuka 6-8):

e T1(U=1,07 W/m?K u emucusnocr 0,1),
e T2 (U=1,07 W/m?K u emucusnocr 0,9),
e T3 (U=0,3 W/m?K u emucusnocr 0,1),
e T4 (U=0,3 W/m?K u emucusnocr 0,9).

Ca crmuke 6 TIpBO ce MOXKE YOUHTH Jia je CHCTEM
rpejama ca TOIUIOTHOM IyMIIOM, 0e3 003mpa Ha Tep-
MHYKE U ONTHYKE KapaKTEePHUCTKE jy)KHOT (hacamHOr
3una cnaBahe cobe 2, y cramy na 00e30e1u 10BOJbHY
KOJIMYMHY TOIUIOTHE EHepruje na OW ce IpocedHa
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JHEBHa yHyTpallllba aMOMjeHTalHa TeMIlepaTypa Ba3-
oyXa y TPOCTOPHjH ApKana y KOHTPOJIHCAHUM TIpa-
uunama (oxo 20°C) 1 TOKOM HajXJIaJHUjHX JaHa.
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Cauxa 6 — Ilpoceuna onesna memnepamypa 6azoyxa y
cnasahoj cobu 2 moxom aHanuzuparoz nepu-
00a

MelyTuM, Ha UCTO] CIUIH (CIHKa 6) MOTY Ce yo-
yuTh moBuIireHe Temmneparype (m3Ham 20°C) Tokom
OKTOOpa (ITOYeTaK aHATM3MPAHOT MEPHOJIa) U anpHiia
(xpaj aHaU3UPaHOT epruoja). TOKOM IOMEHYTHX Me-
cer (OKTOOAp W ampuil), CIOJbAlllbe TeMIIepaType
Ba3qyXxa BUIIE CY Y OMHOCY Ha OCTAaTaK aHAIN3UPAHOT
neprosa (Tabena 2), ma ce y eleBanuoH0j 3eMyHHIIHT
cajia jaBJba Jpyra BpcTa mpobiema — morpeda 3a aH-
raxoBameM pacxianuux ypehaja. Tama je BapujaHTa
T1 Hajnommja (300T BUCOKE BPETHOCTH KOe(UIHjeHTa
mpoJjasa Tornote), a T3 Hemrto 6oba (300r KopHThema
cruponopa aebspune 10 cm). McmocTaBuiio ce u aa je
00Jbe 11a 317 OyJie HeM30JI0BaH U HeCeICKTHBAaH (BapH-
janTta T2) Hero n3onoBaH cTuponopom redspure 10 cm
¥ BHUCOKO CelieKTUBaH (BapujanTa T4).
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Cauxa 7 — IIpoceuna onesHa memnepamypa jyHcroe
gacaonoe 3uda cnasahe cobe 2 ca cnomauirbe
cmparne moKom aHaIU3uUpanoe nepuooa

Temnepatypa jyxHor ¢acagHor 3uma crasahe

cobe 2 ca croJballlibe CTpaHe y MHOTOME 3aBHCH O]

cnoJpaillbe Temreparype (ciuka 7). Ctora cy oBe

BPEIHOCTH BHIIIE Y MPENa3HUM MEPUOINMa, a HIDKE Y

Nepuoay OJi TMoYeTKa HoBeMOpa 10 Kpaja Mapra.

Bapujante T1 u T3 cy ca MUHHMANTHUM pa3jiuKama.

Ucto Baxku m 3a Bapujante T2 m T4. To 3Haum ma

MPUOPUTET HMa THIl CEICKTUBHOT/HECEIIEKTUBHOT

npemasa (ciuka 7), a He 1e0prHA U30JaHOHOT CJI0ja

(ctuporopa) y KOHCTPYKIHjU rpal)eBUHCKOT eleMeHTa

(jyxHor dacagHor 3uaa).
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Temneparypa jyxHor ¢acagHor 3uaa cmaBahe
cobe 2 ca yHyTpallllbe cTpaHe (CiuKa 8) BUINA je Of
aMOMjeHTaJIHe TeMIepaType y HCTOj, 32 CBE aHalu-
3WpaHe cirydajeBe, ocuM 3a T2 (HeM30JI0BaHU M Hece-
JIEKTUBHY 3U]T) BapHjaHTYy.
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Cnuxa 8 — IIpoceuna OHesHa memnepamypa jysicHoz
¢ghacaonoe 3uoa cnasahe cobe 2 ca ynympa-
Wirbe CIpane MoKoM AHATUUPAHO2 Nepuooa

Axo ce ymopene T1 u T3 BapujanTe (Wcra Bpe-
JTHOCT KOC(HIMjEHTa EMUCUBHOCTH), MOTY CE YOUHUTH
cnenehie mojaBe (crmuka 8): ma cy BPEAHOCTH TEMIIE-
parypa 3a ciuydaj T1 u3Ham BpeZHOCTH TeMIIeparypa
3a cay4aj T3 TokOM TOmIMjUX AaHa, a a Cy TOKOM
XJIaJTHUjUX J1aHa BPEIHOCTH TeMIieparypa 3a ciydaj T3
W3HAJ| BPEIHOCTH Temreparypa 3a ciydaj T1. OBa
MojaBa jaBjba C€ JIBa MyTa TOKOM aHAIM3UPAHOT IIe-
proxa (cimka 8): KpajeM OKToOpa M IIOYETKOM arpHiIa.

Kapma cy y nuTtamy HECENeKTHBHU 3UIOBU (EMH-
cusHoct 0,9 y Bapujantama T2 u T4, ciuka 8), Bpe-
ITHOCTH TeMIleparypa 3a ciaydaj T4 CKOpo yBEK Cy
W3HAJ BPETHOCTH TEMIIEpaTypa 3a Bapujanty 12, cem
HEKHX M30JI0BAaHUX CUTYyallHja.

CenexkTUBHH TIpeMa3d Koju OM ce KOPUCTWIH y
OBaKBE CBpPXE MOpald OW Ja 3a/JI0BOJbE BEIUKU OpOj
3aXTeBa, IMOPEN ONTUYKHX KapaKTePHUCTHKA: a00pa
aJXe3WOHa CBOjCTBa ca Hajyemhe KopHITheHUM
rpaheBUHCKUM MaTtepujanuMa (IyHe LUrje, HIyIUbU
0510KOBH, OETOHHU, MaJTEPH, UTI.), OTIOPHOCT Ha YB
3paueme, BIIary, MeXaHWdka omrehema W BHCOKE
pamHe TemIeparype, OyTOTPajHOCT M JTYTOBEYHOCT,
JEMHOCTaBHY yIpaaiby W OAp)KaBarbe, MPHUCTYIAuHy
LeHy, na Oyme Oe3omacaH IO 3IpaBJbe JBYAH TOKOM
yTpaame U eKcIioaTaluje, UT.

Benuku 6poj ceneKTHBHUX IpeMasa 3a pa3InIuTe
moJyIoTe MPHUCYTaH je Ha TpxkumTy. Hajehu Opoj je
pasBhjeH 3a ToTpede comapHux npujeMHHKa [37],
HEKd YaK W 3a paJl Ha BEOMa BHCOKHM paTHHM
Temreparypama [38], mok ce na cajry SOLEC-a [39]
MOTy Hahu ceNeKTUBHU MpemMa3u KOjH ce Y BUIY cIipeja
MOTY HAaHOCHTH Ha IPETXOHO TOMEHYTe rpaljeBUHCKe
ereMeHTe. LleHe celeKTHBHMX IMpema3a OKBHPHO ce
kpehy y rpanunama ox 4,65 €/m? no 46,49 €/m? [40,
41], a Mory OuTH W BHIIIE, CBE 3aBHCHO OJ ogadupa
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MaTepHjaia, TEXHOJOUIKOT IMOCTYIKa H3pajae, HTI.
Ako cy ykynHH (HabaBKa MarepHjaja ca yrpaamboM)
WHBECTUIIMOHH TPOIIKOBH, HW30J0Bamkha TEPMUYKOT
oMoTaua 3rpaja, 3a rpajg Kparyjesai, y npoceky’ 25
€/m? (3a ynotpeby crupomnopa aebssune 10 ¢m), jacHo
je nma ymoTpeda CEeNeKTHBHHX IpeMasza MMa CMHCIIa
jeIMHO y clly4ajy aKo je BHXOBa HabaBHA LieHa Mamba
ox 25 €/m2,

5. BAKJbYYAK

VY oBoM pagy kopuitheHu cy copTBEpPCKU MaKeTu
Google SketchUp u EnergyPlus na 6u ce ncrnmranu
OcHeHuTH OXl yHoTpeOe CENEeKTUBHUX IMpeMasa y ca-
BpPEMEHO] apXUTEKTypH, Koja ce y OyayhHocTH He
MOXKe 3aMHUCIUTH 0e3 macuBHOT Kopuithema 0OHOB-
JbUBHX M3BOpA CHEPTHje.

Kako cy Heka ncTpaxkuBama Nokasaja Jia cy jyx-
HU (hacagHu 3WUA0BU TapreTHpaHH Kao HajIOTOIHH]e
JoKalyje 3a yrnoTpedy CEeNeKTUBHUX IpemMa3a TOKOM
TpejHE Ce30He, JIAKO Ce MOXKe 3aKJby4UTH Ja ele-
BaI[MOHE 3eMYyHHIIC HYZE HHU3 IOTOJHOCTH Kaja je y
MUTaky OMO-KITMMATCKO ITACHBHU MPUCTYII TPAIIELE.

[MoTpomma (puHATHE W TpUMapHE) CHEPrHje H
emucuja CO2, 3a eneBalMoHy 3€MYHHILY JIOIUPAHYy Y
KparyjeBny (omnpemibeHy reoTepMajHOM TOILIOTHOM
MyMIIOM), TOKOM mepuoaa o 1. okrodpa no 30. am-
puna, WCTpakeHa je y 3aBHCHOCTH OJ TEPMUYKHX
(nebspuHE CTUPONIOPA — IPBYU YTULAJHU YJIaH) U ONTH-
YKHUX (EMHCHBHOCT — JAPYTH YTHIAJHU YIaH) KapakTe-
PHUCTHKA JY>KHUX (DacaHHUX 3UI0BA.

Pesynratu ucTpaxuBama mokasaiy Cy Ja ce Imo-
TpOIIkHa GUHATHE EHEPTHje Y eJICBAIIOHO] 3eMYHHIIH
ca CEJISKTUBHO MTPeMa3aHuM jyHUM (acaaHuM 3H70-
BUMa MOKe peaykoBaru ca 2.543,03 kWh ua 1.699,45
kWh (3a 33,17%), a moTpoIimba npuMapHe eHEprHje ca
6.357,56 kWh nHa 4.248,63 kWh. ITozutuBHu edextn
0 )KUBOTHY CPEIUHY Takohe Cy yOoueHH, CMarmbCHheM
emucuje COz 3a 1.117,74 Kg. ExoHOMCKH HHANKATOPH
Takohje MOry OMTH Ha CTpaHUW CEJEKTHBHHX (acana,
aJTM TPXKUIIIHE [IEHE TI0Ka3yjy Jla ce Ha lhrMa Tpeba jorn
pamuTH.

OproBapajyhu mpoceyHn AHEBHHM TeMIIEpaTypHHU
I¥jarpamMy, MPUKa3aHW y HEIITO IIHUPEM OIICEeTy OJ
Tpajama rpejHe ce3one (3a Permyomuky CpOujy rpejHa
ce30Ha Tpaje o 15. okrobpa mo 15. anpuna), ykasyjy
Ha npobJeMe IperpeBama OBaKBUX CTaMOCHHX 00je-
KaTa ca IMOBHIICHEM CIOJbaAlIBUX TeMueparypa. OBu
mpodaeMu Mory OWTH TpeBasuleHH, oreT, MaCHBHUM
OPUCTYIIOM TPAJibe: yIoTpeOOM HAACTPEIIHHIIA, O-
pehennx 3acTopa, MOKPETHUX MPErpaJHuX eJIeMeHara,
utn. OB edekTu cBakako Tpedajy OMTH HUCTpPaKCHU
nerajpHHje y OymyhHOCTH.

! ndopmanuje ca Tepena.
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ELEVATIONAL EARTH-SHELTERED BUILDINGS WITH SELECTIVE COATED

SOUTHERN FACADE WALLS

This paper presents a new passive solar design in buildings, which can be used to reduce the
consumption of (final and primary) energy for heating and CO, emissions. Namely, the positive effects
from the construction of the elevational earth-sheltered buildings can be additionally enhanced by
coating the southern facade walls (building elements that are not in direct contact with the soil) with
appropriate selective (absorption and low-emission) coatings. The elevational earth-sheltered building
on the territory of the city of Kragujevac, modeled by the Rulebook on Energy Efficiency of Buildings,
was subjected to numerical research. The simulation scenario was based on the following variables: the
thickness of styrofoam in the construction of the southern facade walls (the first variable) and the optical
(absorptivity and emissivity) characteristics of the selective coatings (the second variable). Although the
use of selective coatings is mostly limited to absorbers in thermal solar collectors, their application in

buildings would also be of great importance.

Key Words: elevational earth-sheltered building, selective coating, south facade wall, passive solar

design, Google SketchUp, EnergyPlus
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A.NESOVIC ELEVACIONE ZEMUNICE SA SELEKTIVNO PREMAZANIM...
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