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M3BoA 13 peueHsunja

Beoma mu je iparo WTo je rpyna aytopa ca APXUTEKTOHCKOT GaKkyn-
TeTa YHuBepsuTeTa y beorpagy, ca Kojuma cam 1mao npuivke aa ca-
pahyjem Ha mehyHapoaHum npojektvima TABULA v EPISCOPE, HacTasw-
1a VICTPaXkvBarbe Ca TeMOM eHepreTcke eduKacHOCTY CTambeHor GoHAa
Cpbuje. MpobnemaTtvika KapakTepur3aLyje eHepreTckix nepdopmaHcu
HoBoM3rpaheHnx cTambeHVIx 3rpaja NocTaB/beHa je TOKoM MehyHapos-
Hor npojekTa EPISCOPE, anu je rbeHa cucTemaTtcka aHanm3a 3axteBana
TeMESbHO UCTPaxnBatbe, Koje je NpeacTas/ibeHo y 0BOj MOHOrpaduju.

Hose crambeHe 3rpage y Cpbwju, n3rpahbeHe on 2013.roamHe,
npeacTaB/bajy 3HauajHy Temy UCTPaxMBatba, NOWTO CBeAOYe O 3Hauaj-
HOj NPOMEHI Y NPaKCK NPOjeKTOBarba 1 M3rpadHe, NOACTAKHYTOj HO-
BVM CETOM Mponuca y obnactv eHepreTcke edUKacHOCTU Y 3rpafap-
cTBY. KapakTepusauwja oBor fjefla crambeHor rpahesnHckor GoHpa Ba-
XHa je 300r NpeAcTassbarba 1 carnefasarba TPEHYTHOT HMBOA 1 Orpa-
HUYeHa CTambeHe U3rpaaHe y Nornedy eHepreTcke edyKacHOCTY, ann
Y nuTarba noTeHuwmjana obHoBe OBMX 3rpada, koje he nocTajath cse
BaXXHMje TOKOM HapefHWX aelleHwja. OBa nybnvkaumja je BaxHa jep 3a-
OKpY»Kyje TeMy UCTpaxk1Bakba eHepreTckux nepdopmaHcy ctambeHnx
3rpaga 1 noTeHuUWjana HixoBe 0OHOBE, anu Takohe oTBapa M HoBe
TeMe, Kao LUTO je yHanpeherbe HauMHa Ha Koju AaHac rpagmnmo y norne-
[y NnocTu3arba Behe eHepreTcke eprKacHOCTW.

Mpodecop BuHheHo Kopaao, MonutexHnka TopnHo

Mako cam peLieH3unjy npeTxofHe MoHorpaduje (HayuoHanHa mu-
nosnoeuja cmamberux 3epada Cpbuje) 3agpLumo peunma ,08a krbued je
3HAYajHA jep 3A0KPYXyje NpedMem UCmpaxusared, a mo cy cmambeHe
32pade..." Aparo My je WTo cam Ce NpeBapmo 1 WTo npes COOoM Vmam
jow jeaHy y HM3y nybnvkalumja ca TeMOM eHepreTckmux nephopmaHcu
cTambeHux 3rpafga Cpbuje, BpeaHOr MCTPaXMBAYKOT TUMa ca Apxu-
TEKTOHCKOT dakynTeTa YH1Bep3vTeTa y beorpagy.

HakoH KopeHWTIX NpoMeHa Koje je y norbe marpaaree y Cpouju
NOYeTKOM OBe felLieHunje yHena HoBa perynatvsa 13 obnactv eHep-
retcke epuKaCHOCTW, HEOMNXOAHO je carnefatn rbeHe pesyntate y
nornefy KsanuteTa CTaHOrpPajre W pauvoHanvsaumje notpebHe
eHepruvje 3a rpejarbe, anv 1 MoryRHoCTV aamnx yHanpehersa. OBa
TemMa HapouWTO je 3HauajHa y CBETAY HEOMXOAHOCTV AeduHKCarba
3rpajia BeOMa HICKe NOTPOLWHe eHepruje, Koja NpeacTasba cneaehu
Kopak Yy pa3Bojy perynatvse v cTpaTerunje Aenosarba y 0BOj 061acTy.
OBa nybnukaLwmja npyxa MoryRHOCT carfiefaBarba HaBefeH1x npobsne-
Ma, npatehu CTPYKTYpy 1 METOAONOr M)y Koje Cy AedUHMCaHE Y NPeTXO-
[HYM MOHOrpadujama, Kopucteh anaT TMNomoLLKe Knacudvikauuje
KOjW Ce MOKa3ao Kao Beoma KOPWCTaH Yy OBOj 061acTu, 1 CUrypaH cam
na he NocnyKnTK Kao paroleH 13Bop MHPopmaLmja 1 Maeja 3a Aasba
UCTPaXvBarba.

ap Vrop Mapuh,
VIHCTUTYT 33 apxuteKTypy 1 ypbaHwmzam Cpbuje (MAYC)

Excerpt from Reviews

I 'am very glad to see that the group of authors from Faculty of
Architecture, University of Belgrade, who | had an opportunity to work
with within international projects TABULA and EPISCOPE has conduct-
ed another research in the area of energy efficiency of residential
building stock in Serbia. The issue of energy performance characteriza-
tion of new buildings has been tackled through the EPISCOPE project,
but its systematic investigation requested a thorough research, which
is presented in this monograph.

New residential buildings in Serbia, built since 2013, represent a
significant research topic, since they testify about the important shift in
construction practice, imposed by new set of regulations in the area of
energy efficiency in buildings. Structuring of this part of residential
building stock is important for presenting the current reach and
constraints of residential buildings construction, but also for raising the
issue of the refurbishment potential of these buildings, which will
become more and more important in the following decades. This book
is significant because it completes the research topic of residential
buildings and the key issue of their refurbishment, but also opens a
new discussion, on further improving the way we build today in terms
of reaching greater energy efficiency in buildings.

Professor Vincenzo Corrado, Politecnico di Torino

Although I have finished the review of their previous monograph
(National typology of Residential Buildings in Serbia) with words: “This
book is significant because it completes the circle of the research into
residential buildings...’, | am glad that this conclusion proved to be
hasty, and that | have an opportunity to review another publication
with the topic of energy performance of residential buildings in Serbia,
authored by a diligent team of researchers from the Faculty of
Architecture, University of Belgrade.

After significant changes brought into the field of building design
and construction in Serbia by the new set of regulations in energy
efficiency, in the beginning of this decade, it is necessary to realize its
consequences in terms of the quality of residential buildings and
rationalization of heating energy demand, but also possibilities for
further improvement. This topic is very significant since there is a need
to define buildings of very low energy consumption, as the next step
in regulatory and strategic framework in this area. This monograph
offers a possibility to perceive described issues, through the structure
and methodology defined in previous publications, using the tool of
building typology, which has proven to be very valuable in this area. |
am sure that it will serve as a precious source of information and ideas
for following researches.

Igor Mari¢, PhD,
The Institute of Architecture and Urban & Spatial Planning of Serbia (IAUS)
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HauyroHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

YBop

HaumoHanHa Tvnonorvja ctambenvx 3rpafga Cpbuje
rpabenvx o 2013, NpeacTaBba paj Ha UCTPAKMBarby
FOUXOBMX OCHOBHWX aPXUTEKTOHCKMX KapaKTepucTu-
Ka, yTBphYBarby noctojeher HMBoa eHepreTcke edukac-
HOCTW, Kao W carnefdaBarby mMoryhHocTV yHanpehersa
3rpaga ca acnekta noBeharba HMXOBE eHepreTcke
edrnKacHoCTH.

Y METOAONOWKOM CMUCITY, OBa KrbMra Ce OCflarba Ha
NPEeTXOAHE pe3ynTate UCTpaxmBarba 1 Knacudrkaumje
rpaheBnHCKor GoHAa 3rpaga NOPOLNYHOT U BULIENOPO-
AMYHOT CTaHoBaka y Cpbujn, koje je y nepuogy 2011—
2013 y3 noapLky Bnage CaesHe Penybnuke Hemauke
y OKBUpY [NpojeKTa Kojer peannsyje Hemauka opraHu-
3aumja 3a mehyHapogaHy capaamy '3 GmbH (Deutsche
Gesellschaft fUr Internationale Zusammenarbeit (GIZ)
GmbH), cnposena rpyna aytopa ca ApPXUTEKTOHCKOT
dakynTeta YHuBep3wTeTa y beorpagy. Pesyntatn Tux
NCTPaXKMBarba Cy MPUKasaHu y Krburama ,Amsac nopo-
ouyHux kyha Cpbuje™, ,Amnac suuenopoouyHux 32paoa

Introduction

National typology of residential buildings in Serbia
constructed since 2013 represents examination of their
basic architectural characteristics, determination of exist-
ing levels of energy efficiency, and considerations of
possibilities for increasing their energy efficiency through
refurbishment.

Methodologically, this publication relies on the results
of a previous research and classification of Serbian fami-
ly and multifamily residential building stock conducted
by a group of authors from the Faculty of Architecture,
University of Belgrade in the period 2011-2013 with the
support of the German Government through the Project
implemented by the Deutsche Gesellschaft fur Interna-
tionale Zusammenarbeit (GIZ) GmbH. The results of the
research were published in three monographs: Atlas
of Family Housing in Serbia Atlas of Multifamily Hous-
ing in Serbia” and ‘National Typology of Residential Build-
ings in Serbia” This research and its results are based on
methodology defined within the international TABULA

Cpbuje” vi ,HayuoHanHa munonoauja cmambeHux 32paoa
Cpbuje”? HaBeaeHn pe3ynTaTtii Cy 3aCHOBaHN Ha METOAO-
nornjn aedrHNCaHoj y oKeMpy MehyHapoaHor npojeKkTa
TABYNIA, unjm je unmms Kpenparbe jeJHO3HauHe CTPYKTY-
pvipaHe TUMonorvje cTamOeHUx 3rpafa, y3 yBaxasate
HaLMoHanHMx cneynduuHocT. Metoponorujy je npeno-
3Hana EBpONCKa KOMUCHKja Kao jeAHy Of [BE 3BaHWuYHe
33 OLEHY eHepreTcKkux KapakTepucTuka 3rpaga.’ Cnpo-
BeIeHVIM UCTPaxuBarbem M3BpLIEHA je KnacuduKaluja
3rpajia HamereHVX CTaHOBarby MPBEHCTBEHO npema
neproavMa V3rpafrbe 1 KapakTepuCTUYHUM TUMOBKMA
3rpaga. oOpMMPaHO je YKYNHO WeCT OCHOBHYMX TMNOBa
3rpaga (4Ba TMNa NOPOAMYHNX U YETUPW TWMa BMLLIENO-
POAVYHYIX 3rPaja), KOjW Cy AOAATHO Pa3BPCTaHW y cefjam
KapaKTepUCTUYHNX MePUOa U3rpadrbe.

AKTYenHO  UCTpaxmBarbe  MpeacTaB/ba  3anpa-
BO HacTaBak paja Ha CTPyKTypw HaumoHanHe Tmno-
Nlorvje 1 yCMepeHo je Ka Aasbem passujarby matpuue

! Mwununua JosaHosuh [Monosuh 1 ap, Amaac nopoduy-
Hux kyha Cpbuje / Atlas of Family Housing in Serbia, yp. Munu-
ua JosaHosuh Monoswh 1 [lywan Wrreatosuh (beorpan: Apxu-
TEKTOHCKM dakynTeT YHuBepauTeTa y beorpagy; GIZ — Deutsche
Gesellschaft fur Internationale Zusammenarbeit, 2012).

2 Mwunuua Josanosuh lMonosuh 1 ap, Amnaac suwenopo-
ouyHux 3epada Cpbuje / Atlas of Multifamily Housing in Serbia,
yp. Munuua Josarosuh lMonosuh v [ywaH Wrksatosuh (beo-
rpan:; ApXuTeKToHCKK GakynteT YHueepsuTteTa y beorpaay; GIZ
— Deutsche Gesellschaft fur Internationale Zusammenarbeit,
2013).

3 Munwuua JosaHosuh [Monosuh v ap, HayuoHanHa mu-
nonoeuja cmamberux 3epada Cpbuje / National Typology of
Residential Buildings in Serbia, yp. Munuua JosaHosuh [Mono-
svh v LywaH MribatoBuh (Beorpan: ApXUTEKTOHCKM dakyn-
TeT YHuBep3wuTeTa y beorpaay; GIZ — Deutsche Gesellschaft fur
Internationale Zusammenarbeit, 2013).

4 CaonuwTetbe EBponcke kommcuje, “Notices from Euro-
pean union institutions, bodies, offices and agencies. Guide-
lines accompanying Commission Delegated Regulation (EU)
No 244/2012 of 16 January 2012 supplementing Directive
2010/31/EU of the European Parliament and of the Council on
the energy performance of building by establishing a compara-
tive methodology framework for calculating cost-optimal levels
of minimum energy performance requirements for buildings
and building elements’, Official Journal of the European Union, C
115(2012): 1-28.

YBop Introduction

project, which aimed at developing a uniquely struc-
tured residential building typology with appreciation of
national specifics. This methodology is recognized by the
European Commission as one of two official methodol-
ogies for the assessment of buildings’ energy perform-
ance.The conducted research resulted in classification of
residential buildings by construction periods and basic
building types. Six basic types of buildings were defined
(two in family housing and four in multifamily housing),
which are additionally categorized in seven characteris-
tic construction periods.

The research presented in this publication repre-
sents the extension of the work on the National Typology
structure, focused on further development of matrix of
characteristic residential buildings. The main aim of this
research is to determine characteristic types of residen-
tial buildings built since 2013, as well as to define propos-
als for improving their energy performance based on

! Milica Jovanovi¢ Popovi¢ et al., Amnac nopoouyHux kyha
Cpbuje / Atlas of Family Housing in Serbia, Eds. Milica Jovanovi¢
Popovic¢and Dusan Ignjatovi¢ (Belgrade: Faculty of Architecture,
University of Belgrade; GIZ — Deutsche Gesellschaftflr Interna-
tionale Zusammenarbeit, 2012).

’ Milica Jovanovi¢ Popovic et al., Amnac suwenopoduyHux
3epada Cpbuje / Atlas of Multifamily Housing in Serbia, Eds. Mili-
ca Jovanovi¢ Popovi¢ and Dusan Ignjatovi¢ (Belgrade: Faculty
of Architecture, University of Belgrade; GIZ — Deutsche Gesell-
schaft fUr Internationale Zusammenarbeit, 2013).

¢ Milica Jovanovi¢ Popovic et al., HauuoHanHa munosnozuja
cmambeHux 3epada Cpbuje / National Typology of Residential
Buildings in Serbia, Eds. Milica Jovanovi¢ Popovi¢ and Dusan
Ignjatovi¢ (Belgrade: Faculty of Architecture, University of Bel-
grade; GIZ - Deutsche Gesellschaft fir Internationale Zusam-
menarbeit, 2013).

i Notices from European Union institutions, bodies, offic-
es and agencies. Guidelines accompanying Commission Dele-
gated Regulation (EU) No 244/2012 of 16 January 2012 supple-
menting Directive 2010/31/ EU of the European Parliament and
of the Council on the energy performance of building by estab-
lishing a comparative methodology framework for calculating
cost-optimal levels of minimum energy performance require-
ments for buildings and building elements, Official Journal of
the European Union, C 115(2012): 1-28.
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KapaKTepUCTUYHKUX CTambeHnx 3rpaga. OCHOBHW UMb
UCTPaXuBarba NpeAcTaB/ba  yTBPHMBatbe  KapakTe-
PUCTUYHMX TWUMOBa CTamMbeHMX 3rpafa rpaheHux of
2013, kao v aeduHMCare npeasora yHanpehera Hixo-
BMX eHEpreTCKMX KapakTepucTvKa, Ha 6a3u mocTynaka
1 MeTofa yTBpheHnx y HaunoHanHoj Tmnonoruju ctam-
6eHmnx 3rpaga Cpbuje. MNMocebaH 3Hayaj UCTPaXKMBarba
NeXN Y UMFbeHULN Aa je yCMepeHO Ha nepuop U3rpairbe
KOjU KapakTepulle MouyeTak npriMeHe HOBMX Mponuca
13 0bnacTu eHepreTcke edrKacHOCTY, WTO Halia NoTmy-
HO HOBO CBET/IO Ha NOTeHUMjaNHW NPUCTYN AeduHuCarby
Mepa 3a [la/be eHepreTcko yHanpehere 3rpaga.

Kapaktepunctuke y3opka

Kao wro je Beh peueHo, UCTPaxmBarbem Cy OOyx-
BaheHM WCKbyumBO 3rpage wmarpahene op 2013. 3a
Pa3NNKy O NPETXOAHNX UCTPaxKMBakba, Kafa je 3a noTpe-
6e n3page HaunoHanHe TMNoONOrMje CTambeHnx 3rpaga
Cpbuje n3BpLieH nocebaH NOMUC U TEPEHCKO UCTPaXn-
Barbe 3a Buwe o 20 000 3rpapa, nofaum o rpagama cy,
OBaj NyT, NPUKYN/bEHW APYrayunjm nyTem. AHanmn3npaHn
y30paK [106vjeH je Ha oCHOBY 6a3e nopaTaka LleHTpan-
HOI perncTpa eHepreTckux nacowa Penybnunke Cpbuje
(LIPEM)® n eBmaeHUMje eHepreTcKmnx nacotia MuHmcTap-
cTBa rpaheBMHapcTBa, caobpahaja U MHGPACTPYKTY-
pe, y3 carnacHocT 1 nomoh osor MuHuctapcTsa. OBaj
y30pak ynopeheH je ca 3BaHWUHIUM CTAaTUCTUUKMIM NOJa-
UMMaP 0 YKyMHOM 6p0jy 1 MOBPLIMHK 3rpaja nrpaheHmnx
Tokom nepuopa 2013-2015, Ha OCHOBY Yera je 3aK/byde-
HO [la NpefCTaBsba peneBaHTaH y30pakK 3a fasby aHanwmsy,
6ynyhn ga npeacTtasrba oko 15% of yKynHor 6poja HoBo-
n3rpaheHux 3rpaga. CTaTUCTUUKM nofdaumn o 3acTyrbe-
HOCTM Mpeno3HaTiX TWUMOBa 3rpafa GopmMmUpaHn Cy Ha
OCHOBY pacrofene YKynHor 6poja HoBowsrpaheHux
3rpaga (oko 3500), NpeMa OCHOBHMM KapaKTepucTiKama
aHanM3MpaHor y3opKa.

° LleHTpanHu pervctap eHepreTckyx nacowwa Penybnvike
Cpbwje (LIPEN) http://www.crep.gov.rs/ npeacTtasrba 6asy eHep-
reTCKIUX cepTdMKaTa (eHepreTcKy nacown) U3naTnx y cknagy
Ca HOBOM PErynaTrBoMm 13 061acTu eHepreTcke edrkacHOCTU.
© CratucTuukm roguwrsak Penybnuke Cpbuje 2015. Peny-
61MUKM 3aBOJ 33 CTAaTUCTHKY. beorpap.

procedures and methods defined in the National Typol-
ogy of Residential Buildings in Serbia. Special impor-
tance of this research lies in the fact that it is focused
on the period of construction characterized by the start
of implementation of new regulations from the field of
energy efficiency in buildings, which sheds a new light
on potential approach to defining measures for further
energy improvement of buildings.

Sample characteristics

As stated previously, thisresearch included only build-
ings constructed since 2013. Unlike previous research
when a special listing and field research was performed
for more than 20,000 buildings for the purpose of creat-
ing the National Typology of Residential Buildings in
Serbia, buildings’ data were gathered in a different way
this time. The analyzed sample was obtained by extract-
ing data from the database of Central Registry of Ener-
gy Passports of the Republic of Serbia (CREP)° and the
internal database of the Ministry of Construction, Trans-
port and Infrastructure, with their help and support. This
sample was compared with official statistical data® on
a total number and area of buildings built in the peri-
od 2013-2015, based on which was concluded that it
represents relevant sample for further analysis, since it
represents around 15% ofa total number of new build-
ings. Statistical data on the presence of recognized
types of buildings were formed based on the distribu-
tion of a total number of newly built buildings (around
3,500), according to basic characteristics of the analyzed
sample.

° CREP - Central Registry of Energy Passports (LIPEM) http://
www.crep.gov.rs/ represents a database of energy passports is-
sued in line with new regulations from the energy efficiency
field.

o Statistical Yearbook of the Republic of Serbia 2015. Statis-
tical Office of the Republic of Serbia. Belgrade.
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NMOPOANYHO CTaHOBakbe BLIEMOPOANYHO CTaHOBaHe
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,upyI.IJTBEHO-I'IOﬂI/ITI/ILIKVI N €KOHOMCKWN KOHTEKCT

HakoH — CTPYKTYPHVX — APYWTBEHO-MOMAUTUYKNX,
NPVBPEAHVX W E€KOHOMCKMX MpeBMparba y PEervioHy,
Koja cy y Hajsehoj mepu obenexmna nepuog 1991-2012,
aKTVBHOCTW TrpaheBMHCKOr CekTopa bGenexe Mo3nTu-
BaH TpeHA v naraHo noseharbe MHTeH3WTeTa M3rpagHe
CTambeHmx 3rpafa. Hanpegak ce ocetvo Beh Kpajem
npBe AeueHuje OBeXbafnTix rofnHa, Kaga fonasu ao
CTabunmn3auwje TPXKMLWTA HEKPETHNHA 1 MHTEH3VBMParba
ynararba y CTaHorpagmy. Mako je oBakas TpeH HakpaT-
KO NPeKMHYT eKOHOMCKOM KPU3OM, KOja benexn Kynmu-
Hauwujy y nepuogy 2011-2014, moxe ce pehn aa cy akTvB-
HOCTW rpaheBMHCKOr CeKTOpa Yy OBOM MEpPUOAY Ha myTy
OMnopaska 1 NO3UTUBHOT TPeHAaA.

[loK je n3rpaarba MOPOANYHKX 3rpaja, Kao 1y npeT-
XOLHUM MEePUOANMA rPaarbe, N Aarbe Be3aHa UCKIby4n-
BO 3a MojefMHayHe MHBeCTUUMje, OAHOCHO MPUBATHM
KanuTan, v3rpagrba BUWENOPOAMYHMX 3rpaja HacTa-
B/ba TPEH[ HanylTarba OKBMPA APKaBHUX MHBECTULM-
ja 1 roToBO NOTNYHO Mpenasun Ha CoboaHO TPXxUWTE. Y
NPETXOAHUM [elierrjama,” Hocunal, n3rpagre BuLleno-
pPOOVYHNX 3rpafa buna je MPBEHCTBEHO ApXKaBa, Mehy-
M, Cafja A0Na3n O NPOMEHe CUCTeMaA ynararba, Koja Cy,
y Hajsehoj mMepw, Be3aHa 3a NPMBaTHW KanwTan. Tpens
ce y HajBehoj mepu OfHOCK Ha M3rpafry nojearHay-
HVX 3rpagda y Buay cnobofgHocTojehux 3rpaga, O4HOCHO
3rpafa CMEeLUTEHMX YHYTap MeWOBUTYX MPafICKUX 6/10KO-
Ba. OHM Ce rpafie Ha MarbMM MNojeArHauYHVM napuena-
Ma, Hajuelwhe y cknony noctojehnx rpaackrx 6rokosa.
M3rpagka je Be3aHa 3a v3rpagrby ,MpasHux nokaumja”
y OKBMPY OfIOKOBa, MM TpaHchopmauwjy noctojehrx
HameHa (MPBEHCTBEHO MOBPLWMHA MOA MOPOANYHIM
3rpafama) y 30He BULLENOPOAMYHON CTaHOBakbA.

/ OBO ce nocebHO OAHOCK Ha felieHuje Koje obyxsaTa

nepvon nocnepatHe 0bHOBE 3eMrbe W MpoLiece MacoBHe CTa-
Horpaare. O KapakTePUCTUUHIM MEPVOANME W3TParbe BYi-
WenopoAnYHMX CTambeHNx 3rpada y Penybnuuy suaeTn y npe-
TXOOAHWUM nybnvKaumjama ,Amaac 8uwenopoouyHUX 32paoa
Cpbuje / Atlas of Multifamily Housing in Serbia “ (M.JosaHosMh
Monoswh 1 ap).

Socio-political and economic context

After structural socio-political, economic and indus-
trial turmoil in the region, which greatly marked period
1991-2012, activities of the construction sector are final-
ly recording positive trend and slight increase in resi-
dential building construction. Progress could already be
seen at the end of the first decade of the 2000s when
we witnessed stabilization of the real estate market and
increased investments in residential building construc-
tion. Although this trend was shortly interrupted by the
world economic crisis, which culminated 2011-2014, it
can be said that activities of the construction sector in this
period were on the path of recovery and positive trend.

While the construction of family houses, like in previ-
ous periods of construction, is still linked exclusively to
individual investments, i.e. private capital, construction
of multifamily buildings continues trend of abandoning
state investment framework, and almost entirely switch-
ing to free market. In previous decades,” main stakehold-
er in the multifamily construction was predominantly
the state, but today the investment system is changing
and is greatly connected to private capital. The trend is
mostly relating to the construction of individual build-
ings in the form of freestanding buildings or buildings
within mixed urban blocks. These buildings are being
constructed on smaller individual lots, mostly within
existing urban blocks. The construction is connected to
development of empty locations'within blocks, or trans-
formation of used lots (mostly areas with family houses)
into zones for multifamily housing.

/ This especially refers to decades covering post-war
period of the country renewal and mass residential build-
ing construction. See more in previous publications ‘Amsnac
guwenopoduyHux 3epada Cpbuje / Atlas of Multifamily Housing in
Serbia’ (Milica Jovanovic¢ Popovic et al.) for characteristic periods
of multifamily residential building construction in the Republic
of Serbia.
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Cnuka 1. - lNpumep v3rpasrbe NojearHauYHIX BUWENOPOANYHYIX 3rpaaa
Figure 1. - Examples of individual multifamily buildings construction

Ca pgpyre cTpaHe, ApxaBHe WHBeCTUUMje Y CTaHO-
rpafrbu Be3aHe Cy M Aarbe 33 M3rpaarsy Behnx 6rIoKoB-
CKMX Hacesba Ha MPeoCTanoM jaBHOM 3eMSbULLITY, rae ce
MPBEHCTBEHO rpaje 3rpafe Tvna namena, OpraHM3oBa-
HWX Y OTBOPEHE W NONYOTBOPEHE BNIOKOBCKe CTPYKTY-
pe. TunnyaH Nprmep TakeBe MHBECTULMjE OAHOCK Ce Ha
npocTop 6uBle kacapHe ,Bojsopa Crena CrenaHosuh”
y beorpagy, Koju je npeTBOpeH y CTaMbeHO Hacerbe ca
BULE oA 40 BULIENOPOAVYHIMX CTaMOEHMX 3rpaaa v roTo-
Bo 13000 ctaHoBHMKa. OBa MHBecTUUMja [paheBuHCKe

c

Cnuka 2. - Hacerbe Crena Crenanosuh y beorpagy (nepuog nsrpaarse 2012-2015)

On the other hand, state investments into residen-
tial building construction are still related to construc-
tion of larger block settlements on remaining public lots
where lamella type buildings are mostly built, organized
into open or semi-open block structures. Typical exam-
ple of these investments is the case of the complex of
former barracks 'Vojvoda Stepa Stepanovi¢'in Belgrade,
which was transformed into residential complex with
more than 40 multifamily residential buildings and
almost 13,000 tenants. This investment of the Building

Figure 2. - Settlement Stepa Stepanovic in Belgrade (construction period 2012-2015)
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anpekunje Cpbuje npenctasmba jeaHo of Behnx apxas-
HUX ynararba y CeKTop CTaHorpagrbe y nocnefrbux 20
roaviHa.

MNocebHy crneundnyYHOCT NpoyyaBaHor nepuoma u,
MOXe ce pehu, HeroBy rnaBHy KapakTepucTuky, npea-
CTaB/ba HOBOYBeAeHa 3aKOHCKa obaBe3a, Koja ce Tnye
NCnyrbaBarba  MUHVMANHWX — CTaHAApAa  eHepretcke
edurkacHoCTW y 3rpagama. ObaBesHa eHepreTcKa Knacu-
dvkaumja n cepTrdrKalmja HOBMX 3rpafa, Koja je Ha
CHa3n of oktobpa 2012. rognHe, NpeacTas/ba NOCTy-
MnaK Koju je 03Hauno NpeKkpeTHLY y AoTafallkoj rpagn-
TerbCkoj npakcu. Kpajem npetxopHor nepvopa (1991-
2012), y nocTynky npuapyxmnearba EBPOMCKO] yHWMjK,
KpO3 McnyrbaBakbe 0baBesa Nnpema EHepreTckoj 3ajefHu-
uw, Penybnuka Cpbuja je goHenma YMTaB HW3 3aKOH-
CKMX 1 NOA3aKOHCKMX aKaTa Kojuma ce ypehyje obnact
yrnpassbarba €HeprnjoMm y CBMM MPUBPEAHVM rpaHama,
mehy KojuMa 3HauyajHO MecTo 3ay3Mmajy MpPOMnUCH Koju
ce TMUy eHepreTcke edmKacHOCTM y obnactu rpahesu-
HapCTBa. 3aKOH O NIAHUPArby U U32padkbu,’ Kao KpyH-
CKM JOKYMEHT, @ MOTOM W MOA3aKOHCKM aKTK, Ha NMPBOM
MeCTy [IpagusiHuUK o eHepeemckoj e¢hukacHocmu 32paod,
° OHOCHO [IpasuIHUK O YC108UMA, CAOPXUHU U HAYU-
Hy U30asarea cepmugukama o eHepeemckuM C80jCMau-
Ma 32pada,’® ycnoBunuv Cy 3HauajHe NpoMeHe y CPricKoj
rpaheBMHCKO] Npakcu. MpUMEHOM OBMX MPABWUIHMKA,
OHO LWTO je fO TaAa NPeACTas/bano M3y3eTak no NuTakby
MaTepujannsaLmje 1 TePMNUYKKX KapakTepucTmKa 3rpaaa,
Cafia ynasu y peaoBHy rpaguTesbcky npakcy y Penybnu-
um. Ocum obasese WCIyHaBakba MUHUMANMHUX — KpuTe-
pujyma y nornefy eHepreTcke ePUKaCHOCTMHA HKBOY
uene 3rpage (M3paxeHO KPO3 YCIIOB MOTpebHe eHep-
rvje 3a rpejatbe), y3 3a40BOSbEHE CTPOXKMX KpUTEPHjyMa
33 TePMUYKE KapaKTepUCTUKe MojefuHayHmUX nosunuuja
TEPMMYKOT OMOTaua, TeXn ce oCTBapvBarby cse Beher
HVBOa eHepreTcKke eprKacHOCTY, LTO CBaKaKo NpeAcTa-
B/ba PE3y/TaT HOBE TPXKMLLHE YTakmuLie.

8 3aKoH 0 nnaHuparby u usepadrbu (Cryxo6eHu racHuk PC
6p. 72/09, 81/09 - ncnpaska, 64/10 - YC, 24/11,121/12,42/13 -
YC,50/13-YC,98/13-YC, 132/14 1 145/14)

o pasunHuk o eHepaemckoj egpukacHocmu 3epada (Cryx-
6eHun racHuk PC 6p. 061/2011)

10 [pasusiHUK O yCcnosuma, cadpXuHu U HayuHy u30asarea
cepmugukama o eHepeemckum ceojcmauma 32pada (CnyxoeHn
rnacHuk PC 6p. 069/2012)

Directorate of Serbia represents one of the major state
investments in the residential building sector in the last
20 years.

A particular feature of the analyzed period, and, we
can say, its main characteristic is newly introduced legal
obligation regarding fulfilment of minimum standards of
energy efficiency in buildings. Mandatory energy classifi-
cation and certification of new buildings which has been
inforce since October 2012 presents the procedure mark-
ing a milestone in the construction practice. Towards the
end of the previous period (1991-2012), as part of the
EU accession process, through fulfilment of commit-
ments towards the Energy Community, the Republic
of Serbia adopted a set of laws and bylaws organizing
the field of energy management in all industry sectors,
among which an important role is of those related to
energy efficiency in the construction field. The Law on
Planning and Construction,® as the capital document, and
then a series of bylaws, primarily the Rulebook on Ener-
gy Efficiency in Buildings,® and the Rulebook on Conditions,
Content and Method of Issuing Energy Performance Certifi-
cates of Buildings,'® have conditioned significant chang-
es in the Serbian construction practice. By implement-
ing these rulebooks, what has so far been regarded as an
exception in terms of materialization and thermal prop-
erties of buildings has now become a regular construc-
tion practice in the country. Besides the obligation to
meet minimum criteria regarding energy efficiency of
the whole building (expressed by the requirement on
energy demand for heating), while satisfying more strict
criteria for thermal properties of single positions of ther-
mal envelope, there is a tendency to achieve increasing
levels of energy efficiency, which is certainly a result of
the new market game.

s The Law on Planning and Construction (The Official Ga-
zette of RS, No. 72/09, 81/09 - amendment, 64/10 - US, 24/11,
121/12,42/13 - US, 50/13 - US, 98/13 - US, 132/14 and 145/14)
? The Rulebook on Energy Efficiency of Buildings (The Official
Gazette of RS, No. 061/2011)

10 The Rulebook on Conditions, Content and Method of Issuing
Certificates of Energy Performance of Buildings (The Official Ga-
zette of RS, No. 069/2012)

Tunonolwka cTpykTypa usrpaheHmx srpaga

Y opHocy Ha npetxofHv nepuog (1991-2012), Tokom
Kora je m3rpaheHo 12,40 % (278 456 3rpaga) of ykyn-
HOr 6poja MOPOANYHMIX U BULLEMOPOAVUHMX CTaMOEHMX
3rpaga y Cpbujn, y neprogy of 2013. je, npema AOCTyn-
HVM nofaumnma, nrpaheHo oko 3500 3rpaga, wiv 0,15 %
ofl yKynHor 6poja 3rpafa. Vimajyhw y Buay na ce pagn o
penaTvBHO KPAaTKOM BPEMEHCKOM Pa3fobiby Of TPV roaw-
He (3BaHWYHM CTATUCTWYKM NoAaLm O Bpojy m3rpaheHmnx
3rpafa focTynHm cy 3a 2013, 2014. 1 2015. roanHy), Moxe
ce pehn Aa je pey 0 MO3UTUBHOM TPEHAY, KOjM YKasyje Ha
[yropouHy cTabunmsaunjy ToxkmwTa. OBOME y NPUAOr nae
UMHbEHMLA A3, Of YKYNHOTr 6poja noCcMaTpaHwx 3rpaga y
OBOM Nepwuopy, rotoso 70% npunaga BULLENOPOANYHOM
TWMY 3rpPaja, LWTO CBAKAKO yKasyje Ha nosehaHy Tpakrby
33 CTambeHMM NPOCTOPOM. Mako ce paan o manom 6pojy
YKYMHO M3rpaherrx BULLENOPOANYHIX 3rpaja y OAHOCY
Ha NpeTxofHe Nepuroae, 0Baj OOHOC M3rpaheHnx Nopo-
ONYHNX 1 BULIEMOPOAMYHMIX 3rpada MOXe NpefcTaB/ba-
TV NOKazaTesb HOBe CTPYKType CTambeHor GoHaa y Peny-
6y y HacTynajyhem neprogy. lNpumepa paan, og 1991.
[0 2012. roguHe m3rpaheHo je oko 13000 Buwenopoamny-
HWX 3rpafa, LUTO NpeAcTaBba cBera 4,67 % ykyrnHor 6poja
n3rpaheHurx 3rpaga y MCToM nepurogdy, Uvime ce notephyje
MOMEHYTU TPeHA.

Y HapegHoj Tabenu 2. mMpuKasaH je ykynaH 6poj
narpaheHnx ctambeHnx 3rpaga npema HauvoHanHoj
TMNonorWj CtambeHnx 3rpaga Ha Teputopuju Penybnu-
Ke y MOCMaTpaHOM MepMopy, Kao 1 ykynaH 6poj 3rpasa
n3rpaheHrx TOKOM NPETXOAHVIX NepUoa.
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Typology structure of constructed buildings

Compared to the previous period (1991-2012),
during which 12.40 % (278,456 buildings) out of a total
number of family and multifamily residential buildings in
Serbia were built, in the period since 2013 about 3,500
buildings were built, according to available data, which
is 0.15 % of a total number of buildings. Having in mind
relatively short timeframe of three years (official statisti-
cal data on the number of constructed buildings is avail-
able for 2013, 2014 and 2015), a rather positive trend can
be noted, which indicates a long-term stabilization of
the market. This is supported by the fact that out of a
total number of observed buildings in this period almost
70% belong to multifamily building type, which certain-
ly indicates an increased demand for residential space.
Although we speak of a small number of constructed
multifamily buildings compared to previous periods, this
ratio between constructed family and multifamily build-
ings could represent an indicator of a new structure of
residential building stock in Serbia in the following peri-
od. Forexample, from 1991 to 2012, around 13,000 multi-
family buildings were constructed, which represents only
4.67% of a total number of buildings constructed in this
period, which confirms the noted trend.

Table 2. below shows a total number of residential
buildings constructed since 2013 in line with the Nation-
al Typology of Residential Buildings in Serbia, as well
as total number of buildings constructed in previous
periods.

NOPOANYHO CTaHOBatEe BULLEMOPOANYHO CTaHOBarbe
family housing multifamily housing
1 2 3 4 5 6 > %
A A <1919 117985 17394 183 40 345 — 135947 6,05
b B 1919-1945 194546 10937 1530 170 1663 — 208846 9,29
b C 1946-1960 286259 12034 2013 1175 1344 34 302859 1348
a D 1961-1970 376057 23328 5624 2113 1661 242 409025 18,20
E E 1971-1980 454893 20636 8104 4337 1876 415 490261 2181
O F 1981-1990 386958 19768 7837 4176 2024 163 420926 18,73
r G 1991-2012 252884 12567 6757 2971 3277 — 278456 12,39
X H >2013 1043 35 2017 139 243 — 3477 0,15
> Kom. — No. 2070625 116699 34065 15121 12433 854 2249797 100
% 92,04 519 1,51 067 0,55 0,04 100 —

Tabena 2. - bpoj v3rpaheHnx cTambeHrx 3rpaja
y Peny6nvium Cpbunju

Table 2. - Number of constructed residential buildings
in the Republic of Serbia
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3HaTaH naj akTMBHOCTM je MpPVIMETaH Yy M3rpagrbn
NOPOAVNYHMX 3rPafa, WTO Ce MOXE TyMauMTVi eKOHOM-
CKMM MOTEHUMjanoM CTaHOBHMKA, anun U ybp3aHum
Temnom ypbaHwu3auuje rpafickux npocrtopa y Penybnu-
un. OBakaB TpeH[ Hajborbe unycTpyje npvimep beorpa-
[a, rAe je nocnearomM N3MEeHOM MiaHCKe JOKyMeHTauuvje
(NP Beorpaga 2016) 3a noTpebe m3rpagre 1 pasgoja
NOPOAMYHMX [OMaNVHCTaBa HaMerbeHa MPBEHCTBEHO
nepudepnja rpaficke Teputopuje, 1OK je NpefHOCT AaTta
TpaHchopmaLWj MOPOAMYHOr CTaHOBaka Yy OKBUPY
LeHTpasHe rpaficke 30He Y MOBPLMHE HaMeHeHe BULLIe-
MOPOAMYHOM CTaHOBakbY, Y3 Aasbe norywhasarbe rpad-
CKOr TKMBa W W3rpajrby BUILLENOPOAMYHMX 3rpaja ca
npateNM KOMNaTUOUITHM HameHama.

Y nocMmaTpaHOM Y30pKy AOMWMHMPajy  cnobog-
HocTojehe nopoanyHe 3rpage (30%) 1 BMWENOpPOANYHe
3rpage (58%), Koju 3ajedHO UrHe BuLle of ase TpehurHe
n3rpahenux 3rpaga. Ca gpyre cTpane, ctambeHe 3rpage
TMNa namena 1 3rpage CMellTeHe yHyTap Hi13a 3rpada y
rpafckom 60Ky, NpUCyTHe Cy ca ceera 11%, WTo je 3HaT-
HO CMatberbe y OHOCY Ha MPETXOAHE Nepuoae. YoueHn
TPEeH[ Ce MOXKe NMPUNUCaTH CTPYKTYPU 1 00KMY MHBECTU-
umje, ann 1 cneumneruHMM NPOCTOPHKM OrPaHUYEerIMa
NOKauuja Ha Kojuma ce rpaav. Hajmarbn ygeo y aHanvsu-
paHom GoHAY, of cBera 1%, 3ay3nmajy NopoamnyHe 3rpa-
[ey Hm3y (cBera 35 3rpaja), WTo je yyelhe Koje ce Moxe
TYMaumnTV BULLIE KaO M3y3eTaK Hero Kao npasusio.

Ownjarpam 1. — 3acTyn/beHoCT TMNoBa Mehy 3rpafama

4%

Significant decrease in construction activities of
family buildings is evident, which can be explained by
economic potential of citizens, but also by rapid urban-
ization of city areas in the country. This trend is illustrat-
ed by the example of Belgrade, where the last amend-
ment of planning documentation (PGR of Belgrade 2016)
determined peripheral city areas as the primary area for
the needs of construction of family housing, while the
preference is given to transformation of family housing
within central city zone into areas intended for multi-
family housing, with further densification of urban fabric
and construction of multifamily buildings accompanied
with compatible purposes.

In the observed sample, freestanding family (30%)
and multifamily buildings (58%) are dominant, and
together make more than two thirds of constructed
buildings. On the other hand, lamella type residential
buildings and buildings within a row of buildings in a city
block are represented with only 11%, which represents a
significant decrease compared to previous periods. The
observed trend can be explained by structure and scope
of an investment or specific spatial limitations of build-
ing locations. Family buildings in a row hold the smallest
share in analyzed building stock with only 1% (only 35
buildings), which is a share that can be understood as an
exemption more than a rule.

Diagram 1. - Representation of building types
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Kagda cy y nuTarby MCKIbYUMBO BULLENOPOAMYHE 3rpa-
[ie, Kao 1y npeTtxoaHom nepuogy (1991-2012), y Hajsehoj
MepW ce rpaje nojeArHayHe 3rpage Ha 3acebHum rpahe-
BMHCKMM Mapuenama, y Buay cnobogHoctojehux 3rpaaa,
WY 3rpaja y 3aTBOPEHOM rpafckomM OI0Ky. Y nocmaTpa-
HOM Y30pKy, crnobogHocTojehe 3rpage 3acTyrybeHe Cy
ca rotoBo 60% (2017 3rpajga), AOK 3rpajde y HK3y 3ay3n-
Majy cBera oko 7% (243 3rpage). Vlako, y nocmaTpaHom
Y30PKy, HE 33ay3MMajy BeNMK NPOLEHTYanHn yaeo (ceera
4%), 3Ha4ajHO je MOMEHYTI 1 MOHOBHY MOjaBy M3rpafr-e
BehuMx, ONOKOBCKM OpPraHM30BaHWX rpynauuja 3rpa-
[a, WTO je BWUno KapakTepUCTMYHO 3a nepuome 0OHO-
Be nocne [lpyror CBeTCKOr paTa 1 ycMepeHe CTambeHe
M3rpagke Koja Ce 3aBpliaBa MOYETKOM OCaMAeCeTMX.
[laHac ce rpage rpynauvje 3rpaga oTBOpeHe HBII0KOBCKe
CTPYKTYpE, a 3rpaje Cy OpraH13oBaHe y B1ay namena.

Kao uy npeTxofHOM neproay 1 caga je cneundmyHo
MOTMYHO OACYCTBO BMCOKMX 3rpaja — conutepa (3rpage
o 10 v BULLe eTaxa), Koju Cy, y BENVKOj Mepu, obenexu-
nn panvje neprnope. OBakas TPEHA Y3POKOBaH je MpBeH-
CTBEHO reHepanHVM onpefesbersiMa ypbaHUCTUYKOr
pa3Boja rpanosay Cpbujn 1 orpaHnyaBara yKyrnHe BUCK-
He HOBWX 3rpaja. Minak, Kpajem NPeTXoAHOr 1 MOYETKOM
OBOT Nepuoaa, 101asu [0 AeMMUYHOT 3a0KpeTa Yy ypba-
HOM MnaHMparsy 1 Ao mbepanvsaunje” rpaheBrHCKor
3eM/bUWTa Yy nornedy MoryhHOCTV M3rpagHee BUCOKMX
3rpapa. Ha 6asm ,Cryavje BMcokmx objekata beorpaga”’
[0Ma3n [0 VI3MeHe aKTyeflHe MNaHcke LOKyMeHTauuje
3a nogpyyje beorpapa, kojom ce npeumsHuje aeduHN-
LWy foKalwje v yCIoBKM 3a U3rpafy BUCOKMX 3rpafa Ha
rPafCKOM NOAPYYjY. V1ako Cy CTyanjoM 1 KaCHWjOM nnaH-
CKOM [JOKYMeHTaLMjoM yTBpheHe MoryhHOCTV U3rpaarse
BMCOKMX 3rpada WCK/by4MBO Ha Teputopuju beorpa-
[a, OBaj cneuydunyaH npoboj fo Tada yTepheHux ypba-
HUCTUYKMX HOPMATMBa O3HAUMO je MOTEeHUWMjanHO HOBY
da3y ypbaHor passoja Ha Teputopuju Liene Penybnuike.
[MpBM KOpauW y VMMMAEMEHTAUMjK YCBOJEHUX MPWHLN-
na HauyureHn cy noyetkom 2016. roanHe, Kaga cy nove-
M NPUNPEMHU PAJOBU HA M3rPafHW HEKOSIMKO BMCO-
Kmnx 3rpaga Ha noapyuyjy beorpapa, y cknomny npojekTta
beoepad Ha eodu.

" ,Cmyouja sucokux objekama”, YpbaHncTunukm 3asog beo-
rpaga, 2011, beorpag

YBop Introduction

When we talk about multifamily buildings alone, simi-
lar to previous period (1991-2012), mostly single build-
ings on individual building lots are being built, as free-
standing buildings or buildings within a closed urban
block. In the observed sample, freestanding buildings
are represented with almost 60% (2,017 buildings), while
buildings in a row account for only 7% (243 buildings).
Although they do not have high representation in the
observed sample (only 4%), it is significant to mention
developments of larger lamella type buildings, organ-
ized into open blocks, which was a characteristics of post
war periods and organized housing construction that
ended in the beginning of the 1980s.

As in the previous period, a total lack of high-rise resi-
dential buildings - skyscrapers (buildings higher than 10
floors), which largely marked previous periods, is evident.
This trend is caused primarily by general preference of
urban development of Serbian cities and limitations in
total height of new buildings. However, at the end of the
previous period and the beginning of this one, we can
notice a partial turning point and 'liberalization’ of build-
ing lots regarding possibilities for construction of high-
rise buildings. Based on the ‘Study of High-rise Buildings
of Belgrade'' changes were made in the current planning
documents for the Belgrade area, which defined more
precisely locations and conditions for the construction
of high-rise buildings in the city area. Although the study
and later planning documents determined the possibili-
ties of high-rise developments solemnly for Belgrade city
territory, this specific breakthrough of strict urban norms
marked potentially new phase of urban development
on the territory of the entire country. The first steps in
the implementation of adopted principles were taken in
the beginning of 2016, when preparatory works on the
construction of several high-rise buildings in Belgrade
have begun, as part of the Belgrade Waterfront project.

For all defined types of buildings number of floors
ranges from one to eight above the ground level. Free-
standing family houses are mostly ground floor (37%)
or ground floor with loft in use (26%), while there is a
very low representation of houses which have more than
two floors (5%). Average height of family buildings is 1.4

B ‘Studija visokih objekata, Urban Planning Institute of Bel-
grade, 2011, Belgrade.
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3a CBe eBMAEHTMPaHe TMMOBE 3rpafa CNPaTHOCT ce
Kpehe y pacnoHy of jedHe 4O OCaM HaA3EMHMX eTaxa.
CnobopaHocTojehe nopognuHe kyhe cy Hajuewhe
npuvsemHe (37%) nnv CNPaTHOCTU NPU3EMIbE Ca KOPWC-
HVIM NOTKPOBIbEM (26%), AOK je cnpaTHOCT Beha of fse
Haf3emMHe eTaxe Ha H1BOY ncnof 5%. MNpoceyHa cnpart-
HOCT MOPOANYHKIX 3rpafa U3HOCK 1,4 Hafl3eMHe eTaxe.
Koa BMLIENOpPOAMYHOr CTaHOBarka, cnobogHocTojehe
3rpafe cy Hajuewhe cnpaTtHocTv Tpu (20%), OAHOCHO
ueTMPKY HaazeMHe eTaxe (28%), LOK 3rpafe KOA Kojux je
cnpatHocT Beha of yeTupu HaazemHe etaxe (M+3+1K
no MN+6+11K) 3ajegHo 3aysumajy 30% y3opka. byayhw ga
Cy NPBEHCTBEHO BE3aHM 3a LIeHTPE Hace/beHUxX MecTa y
KOjUMa HacTajy, 3rpaje Tvna namena umMajy HewTto sehy
cnpatHocT (noves of M+2), a Buwe of 50% KX “ma
MaKCMManHy —cnpatHocT  [4+6+(1k.  Buwenopoanune
3rpage y rpaaCckom HY3Y 1Majy PaBHOMEPHO 3aCTymN/beHy
CApaTHOCT y pacnoHy M+2+[1k go M+6+11k (M), wro je
CBaKako pe3ynTaT pasivunTor KOHTEKCTa Y KOMe 3rpage
HacTajy. [MpoceyHa CNpaTHOCT BULLENOPOANYHIX 3rpaja
n3HocKn 4,0 Hafl3eMHe eTaxe, a Kpehe ce y pacrnoHy ofl
3,65 eTaxa (cnobopHocTojehe 3rpafe) npeko 6,85 eTaxa
(3rpafie TMna namena) Ao 5,40 eTaxa (3rpaje y rpafckom
HWM3Y).

Momjaun o 6pojy CTambeHUX jeauHMLa Yy aHanmsu-
PaHOM Y30PKy YKa3yjy Ha umrbeHuUy fa y nsrpaheHom
doHAy Npeosnaaasajy Marbe 3rpage, Oyayhn aa ceera 4%
0f1 YKymnHor 6poja 3rpaga vma Bue of 30 CTaHOBa Mo
yna3y. OBaj 6poj CTaHOBa KapaKTepUCTMYaH je 3a 3rpa-
ne Tun 5 — namene, Ko Kojux ce 6poj cTaHosa kpehe y
pacrnony 30-40 no yna3y. Kog cnobogHocTojehrx 3rpasa

[Lwjarpam 2. - CnpaTHOCT objekata no TMNoBMMa

floors. In multifamily housing, freestanding buildings
most commonly have three (20%) or four floors (28%),
while buildings higher than four floors (Gf+3+Lo to
Gf+6+Lo) together stand for 30% of the sample. Lamella
type buildings are of greater height (starting from Gf+2),
since they relate to central area of cities, and more than
50% of them has maximum height of Gf+6+Lo. Multi-
family buildings in urban row have an equal representa-
tion of floors, ranging from Gf+2+Lo to Gf+6+Lo, which
is certainly a result of different contexts in which the
buildings are constructed. Average height of multifami-
ly buildings is 4 floors, and ranges between 3.65 floors
(freestanding buildings) and 6.85 floors (lamella type) to
5.40 floors (buildings in an urban row).

Data on number of apartments in the observed
sample indicate that smaller buildings are dominant in the
constructed building stock, since only 4% of a total number
of buildings have more than 30 apartments per entrance.
This number of apartments is characteristic for build-
ing type 5 — lamellas, where number of apartments per
entrance ranges from 30 to 40. In freestanding buildings
(type 4), which make the biggest part of the sample (58%),
number of apartments per entrance ranges between 10
and 15, which further denotes a small overall average
number of apartments for the entire building stock level
- only 3.8 apartments per floor. When data on average
building area per floor are included, it can be concluded
that majority of apartments has an area of 50-60 m?, i.e.
that area of an average apartment in the analyzed sample
isaround 55 m?, which is at the level of average apartment
size in buildings constructed in previous periods.

Diagram 2. - Number of floors per building types
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(Tun 4), koje 3ay3mnmajy Hajsehn geo y3opka (58%), 6poj
CTaHOBa Mo ynasy ce kpehe y pacnony 10-15, WTo farbe
yKasyje Ha yKynaH manu npoceyaH 6poj CTaHOBa Ha
HVBOY UMTaBOr GOH/A KOjW M3HOCK CBera 3,8 CTaHOBa Mo
eTaxu. Kaja oBome AoAaMo MpoceyHe NMoBpLInHE 3rpa-
[1a Y OCHOBMW, MOXKeE Ce 3aK/by4nTW [1a Y FblMa NpeoBaia-
Bajy CTambeHe jefnHuLEe NpoceyHe nospLinHe 50-60m?,
OAHOCHO Aa MOBPLUMHA NPOCEYHOT CTaHa y aHanv3npa-
HOM Y30PKY M3HOCK OKO 55 mM?, WITO je Ha HMBOY Npocey-
HVX MOBPLMHA CTaHOBA Y 3rpagama rpaheHum y npet-
XOLHOM Nepunogy.

TpeHa m3rpagrbe CTambeHVX 3rpafja ca BevKuM
6pojem cTambeHX jednH1La Y OOHOCY Ha YKyMHy noBp-
WWHY NPeACTaB/ba 3anpaBO HacTaBak yCTasbeHe npak-
Ce KapaKTepuCTUUHe 3a NPeTXodHu nepuod. Behu 6poj
CTaHOBA MO €TaXKNM U FbMXOBa PENaTMBHO Mana NPoCeyHa
NOBPLWMHA PE3YNTAT Cy CNELNOUUHNX TOHKMLLIHMX YCI10B
noTpaxHe (M Aarbe Ce TpaXke NPBEHCTBEHO Matkb CTAHO-
BW), OAHOCHO MOTYRHOCTY MnacMaHa CTaMoeHX jeanHu-
Ua Ha TpK1wTy. CTaHOBM Cy Y BenvKom 6pojy cryuaje-
Ba HeycknaheHe CTpyKType npema yKymnHOj MOBPLIMHY,
LWTO Ce ANPEKTHO OAPAKaBa Ha OCTBAPEHN HMBO KOMPO-
pa KOPWCHMKa yHyTap 3rpafa. YNpKOC NpOCeYHO marnoj
KBazpaTypu CTambeHVxX jeamHuua y Hajsehem 6pojy
3rpaga, NocebHy KapakTepucTVKy neproaa npeacTaBba
MOHOBHa MojaBa BENMX NYKCY3HWMjMX CTaHOBA Ca MOBPLUM-
Hama 100-150 m?2 OBaKaB UCKOpPaK Off reHepanHe npak-
ce Yy Hajsehoj mepu je Be3aH 3a Behe rpafose (beorpaf,
Hoeu Cap, Kparyjesau, Huuw), ogHocHO cneunduyHe,
EKCKJTy3VBHE JIoKaLMje Ha Kojuma ce rpafu.

Tabena 3. - bpojctaHoBa No TMMOBMMA

YBop Introduction

Trend of construction of residential buildings with
a large number of apartments compared to a total area
actually represents continuation of already established
practice characteristic for the previous period. Larger
number of apartments per floor and their relatively small
average size are results of specific market conditions
(primarily small apartments are in demand), i.e. possi-
bility of placing these residential units on the market. In
many cases, apartments’ structure is not consistent to
their total area, which directly affects the achieved level
of comfort of users within the building. In spite of a small
average size of apartments in majority of buildings, one
special characteristic of the period is recurrence of larg-
er luxurious apartments with total areas 100-150 m?. This
kind of breakthrough from dominant practice is mostly
connected to larger cities (Belgrade, Novi Sad, Kraguje-
vac, Nis) i.e. specific exclusive building locations.

Table 3. - Number of apartments per building type

Tun 3rpape - Building type
1-2 : i 3 4 E 5 g 6 @
MpoceyHa NoBpLMHa No ynasy [m?] - g - o
Average area per entrance [m?] 800-1000 1300-1700 800-1000
lMpoceyaH 6poj cTaHOBa Mo ynasy ~ ~ R o
Average number of apartments per entrance ! 12:22 2240 15:25
lMpoceyaH 6poj eTaxa o
Average number of floors 14 365 6.85 540
lNpoceyaH 6poj CTaHOBa Ha eTaxw 1 35 46 35 o
Average number of apartments per floor
lMpoceyHa NoBpLUMHa CTaHa [M?] . . : ) -
Average apartment area [m?] 90-120 55-65 50-60 55-60
19
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Y Tabenu 4. pat je ynopenHu npvikas ykyrnHe OpyTo
nsrpaheHe MoBplwnHe cTambeHux 3rpaga y Cpbujn, y
nepurogy of 2013, y 0AHOCY Ha YKynHO m3rpaheHy nosp-
WKHY CTaMBEHWX 3rpajia TOKOM MPETXOAHUX Neproaa.

Tabena4. - YkynHa u3rpaheHa NoBpLIMHa Nof 3rpajama
y Peny6nuium Cpbunju

Table 4. shows comparative overview of a total gross
constructed area of residential buildings in Serbia since
2013 compared to a total constructed area of residential
buildings during previous periods.

Table 4. - Total constructed building area in Serbia

NOPOANYHO CTaHOBaHe BYLIENOPOAVYHO CTaHOBakbe
family housing multifamily housing

1 2 3 4 5 6 > m? %

A A <1919 8812918 1641759 181255 128836 319202 — 11083970 379
B B 1919-1945 14060213 871044 1056060 343833 1829417 — 18160567 6,21
U c 1946-1960 19797175 951208 1419450 2699971 1591895 127540 26587239 9,09
a D 1961-1970 27080821 1858685 6464054 6207704 2226913 1031502 44869679 1535
E E 1971-1980 38021616 1921639 10176303 17481251 3154044 2418507 73173360 25,03
[0} 1981-1990 34331187 2121357 10867713 15936685 3401177 815053 67473172 23,08
r 1991-2012 23129363 1449853 8362188 10410747 4987582 — 48339733 16,53
X >2013 930467 31015 1798902 124062 217109 — 3101556 1,06
> m? 166163760 10846560 40325925 53333089 17727339 4392602 292789276 100

% 56,80 3,70 13,71 18,24 6,05 1,50 100 =

TexXHNUKO-TEXHOJOLLKE KapaKTePUCTMKe
1 Matepujanmsaumja

[primerbeHe TeXHONOoTWje 1 TeXHWUKE U3rparbe Bapw-
pajy 1 npunarohasajy ce cneumduUHOCTMMA 3rpaga U
YCIIOBMMA KOHTEKCTa Y KOMe Ce OfBMja mn3rpadra. Osak-
Ba MPaKca, YCTAaHOB/bEHA Kpajem AeBefeceTVX rOaw-
Ha Mpownor Beka, AoHena je Behy @nekcMoumHoCT y
MPOjeKTaHTCKOM CMUCITY, a 3rpafe nocefyjy 3HaTHo sehy
Pa3HOMMKOCT MO MWTarby MaTepujanvsauuje. YCnoBbe-
HU CneundnuHMM YpOaHUCTUUKM OKBMPMMA 3a JaTy
flokauvjy, 3rpafe ce, Kao 1 KpajeM NPeTXO4HOr Nneproja
(1991-2012), Hajuewhe peanusyjy y cuctemy rpahema
,Ha nnLy MecTa’, y3 Benuky cnobomy 1M360pa KOHCTPYK-
TUBHNX pellerba 1 NPUMEHY HajpasnymuTnjux enemeHa-
Ta MaTepujanusauvje v 3aBplHe obpafe. Kao v Kpajem
NpPeTXOAHOr Nepunopa, rpaje ce 3rpage cnoboaHor apxm-
TEKTOHCKOT 113Pa3a, Ca PAa3HOBPCHMM, YeCTO MOMELLAHMM,
CTWUNCKUM, OBTIMKOBHVIM U IMKOBHUM KapaKTepHCTVIKama.

Technical and technological characteristics
and materialization

Applied construction technologies and techniques
vary and are adapted to specific building demands and
conditions for the construction. This practice, estab-
lished at the end of the 1990s, brought greater flexibil-
ity in building design, and greater variation in terms of
building materialization. Conditioned with specific urban
demands for each site, buildings are being developed
withinin situ’construction system, as in the previous peri-
od (1991-2012), with large freedom of choice of construc-
tive solutions and application of various elements of
materialization and finishing. Same as at the end of the
previous construction period, buildings of free architec-
tural expression, with diverse and often mixed stylistic,
formal and decorative elements are being built.

In spite of various technical and technological solu-
tions, completed buildings usually have a compact floor

YNPKOC BEMKNM TEXHNUYKO-TEXHONOLIKIM MOTyhHOC-
TVMa 3rpafe Cy peann3oBaHe Ca PenaTMBHO KOMMAKT-
HUM ocHoBama. HewwTo Behw cteneH pasybeHocT ocHo-
BE KapaKTepMCTMYaH je 33 BULWENOopoanUHe 3rpajae, LWTo
je nenUMMYHO pe3ynTaT YKyrnHe BeluuMHe 3rpage, anw
1 noTpebe 3a GOpPMUPaHeM KEbEHOT apPXUTEKTOHCKOT
M3pasza. Y OAHOCY Ha KapaKTepUCTUUHe TWUMoBe 3rpa-
3, MOXe Ce youmuTu aa Cy mopoauuHmn cnobopHoctojehe
n 3rpage y Hm3y (Tvn 1 1 Tvn 2), Kao 1 BULIENOPOANY-
HU cnoboaHocTojehn (Tn 3) ¥ BUWENOPOAMYHE 3rpaae
y rpagckom Hn3y (Tvn 5), Hajuewhe rpaheHn ca KoMnakT-
HOM OCHOBOM, [1OK Cy, Ca Apyre CTpaHe, Behe 3rpage T1na
namena (Tun4) pelaBaHy BapwjaLjom 0bmKa y OCHOBM.

Kao vy npeTxoaHoM Nepuroay, Kof CBKX TMMNOBa 3rpa-
[la IOMMHaHTaH je 6poj OHMX Cca KOCMM KpoBom. Moxe
ce pehwv fa paBHW KPOBOBW Cafa MpefCTaB/bajy M3y3e-
TaK, MaKo Ce pafn O enemeHTVIMa Koju Cy Y BeJIMKOj Mepu
obenexunu CTpyKTypy rpaheBrHCKor doHaa y Penybnmum
Cpbwjny neprioay nocne [ipyror CBeTCKOr paTa, na CBe f10
noyeTKa ocampeceTvx rognHa. Of yKynHor 6poja 3rpaga,
cBera 4% W je n3rpaheHo ca paBHMM Kposom. [oTrno-
MOTHYT TPEHYTHUM TPEHOAOM Yy YPBaHUCTUUKOM MaHw-
pakby KojW haBopK3yje GopmMparbe 3aBPLIHMX eTaxKa Ca
KPOBHMM KOCMHaMa, OBaKaB TPEH[ BE3aH je npBeHCTBe-
HO 3a MoTpebe opraHv3auuje CTambeHMx MpocTopa Y
MOTKPOBHOj eTaxn. Y ApYyroMm nnaHy ce Hanase norpebe
33 TEXHWYKO pellaBaH-e OABOAHaBAHa KPOBHYX MOBPLIN-
Ha, OAHOCHO Kpemparbe XeSbeHOr apXMTEKTOHCKOT 13pa-
3a ayTopa. Kao pe3syntar Tora, Kog Hajseher 6poja 3rpana
Ca KOCMM KpPOBOBMMA MOTKPOBHW MPOCTOPU Ce KOpUCTe
3a 6opaBak, OwMno y GopmM eKkcTeHsMja AOHMX eTaxa
(bopmmpatbe fynnekca), 61no y Gopmm He3aBUCHUX CTam-
BEeHMX jeAnHMLA, YeCTO OPraH30BaHKIX KPO3 BULLIE HMBOA
(cnyyaj ca MaHCapAHVM KPDOBOBYMA).

MpwnaroheH orpaHuWyerbMa Koja Hamehe noka-
UMja 33 M3rpagrby, KOHCTPYKTUBHM CUCTEM 3rpafa ce
Hajuewhe peanusyje y KOMOMHALMW CKeNeTHYX apMmUpa-
HOOETOHCKMX enleMeHaTa 1 MacVBHYX 310Ba Off orneKap-
CKMUX enemeHaTa nnv apmmpaHor 6etoHa. MehycnpatHe
TaBaHuLe ce Hajuelwhe peanwsyjy kao nonynpedadpu-
KOBaHe KOHCTPYKUWje Of LYM/bUX OneKapcKMx 6roKo-
Ba (cuctem JIMT), pehe Kao MacuBHe KOHCTPYyKUMje y
BMOY NYHVX apMUPAHOBETOHCKMX mModa. EnemeHTu

YBop Introduction

plan. Larger level of complexity in layout is characteristic
for multifamily buildings, resulting partially from a total
size of a building, but also from the need to achieve a
desired architectural expression. In relation to character-
istic building types it can be concluded that freestand-
ing and row family houses (Type 1 and Type 2), as well as
freestanding and row multifamily buildings (Type 3 and
Type 5) were mostly built with compact floor plan, while
on the other hand larger multifamily lamella type build-
ings (Type 4) have variations in building layout.

As in the previous construction period, pitched roof
is a dominant roof type in all types of buildings. It can
be said that flat roofs represent an exemption nowadays,
although this element greatly marked the building stock
structure in the post World War Il period, until the end of
the 1980s. Only 4% of a total number of buildings were
built with a flat roof. Supported by the current trend in
urban planning favouring design of pitched roof slopes
for final building floors, this trend is foremost connect-
ed with the need to organise residential space in loft
areas. Needs for technical solutions of rainwater drain-
age from roof surface and achieving certain architectural
expression are moved to the background. As the result,
in majority of buildings with pitched roofs, loft areas are
being used as living spaces, either in the form of exten-
sion of lower floor apartments (duplexes) or in the form
of separate living units, often organized in several levels
(as within mansard roof types).

Construction system of buildings is mostly being
adjusted to limitations of a building lot, and developed as
a combination of reinforced concrete skeleton elements
and massive wall structure made of hollow clay blocks
or reinforced concrete. Ceilings are mostly semi-prefabri-
cated constructions of hollow brick blocks (LMT system),
or rarely massive constructions of reinforced concrete
slabs. Thermal envelope elements are constructed with
different thermal insulating cladding systems, primari-
ly expanded polystyrene (EPS), but also stone or miner-
al wool insulation. In addition, designed level of energy
efficiency of thermal envelope elements is increasing-
ly being solved by using structural and filling elements
with improved thermal properties. Hollow brick blocks
in the form of thermal blocks and concrete blocks made
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TEPMUYKOT OMOTaua ce peanwsyjy y3 ynotpeby pasnu-
UMTUX TEPMOV30MALMOHNX 0B10ra, Ha NPBOM MeCTy off
eKcnaHanpaHor NonMCTUPEHa, anv 1 0bora of KameHe
1 CTakneHe ByHe. [lopef Tora, NpojeKToBaHN HMBO eHep-
reTcke epUKacHOCTM efleMeHTa TEPMUUKOr OMOTaua ce
y ce Behem 6pojy 3rpafa pellasa y HeroBoj OCHOBHO)
CTPYKTYpU, YNOTPebOM KOHCTPYKTUBHUX enemeHata u
enemeHara ncnyHe ca nobosbLIAHMM TEPMUYKIM Kapak-
TepucTMkama. Y cee Behoj Mepu npumeHy y BepTUKan-
HUM 11 XOPU3OHTANHMM KOHCTPYKUMjaMa Hanase Wynsbu
OneKapcKX enemeHTV y Gopmm TepmMoBIOKOBa, OHOCHO
BETOHCKMX BNOKOBA Of rac W NeHo OeToHa ca U3y3eTHVIM
eHepreTCKMM KapaKTepuUCTMKama, YecTo v 6e3 npumeHe
dbacagHor TepMoun30naLMoHOr Croja.

Kafa cy y nutarsy npyMerbeHr Matepujani 1 TeXHKe
3aBplUHe obpaje, CTPYKTypa 3aBpLUHKX dacagHux obpa-
[la Ha 3rpajama y OBOM nepuiofy obunyje pasHOBPCHO-
why. Kog roToBo CBYX TMMOBa 3rpafa Ha NMpBOM MeCTy ce
13/Baja yrnoTpeba KOHTAKTHYIX TEPMOM30aLMOHNX daca-
HUX CUCTeMa, Ca 3aBPWHMM TaHKOCIOJHUM ManTepoMm.
11360p OBaKBOT HauviHa MaTepwjanyisaluje, OCUM y noTpe-
61 vcnyrbaBarba 0O6aBE3HMX YCIOBa eHepreTcke eduKac-
HOCTW 3rpafia, Nexu npe CBera y penaTuBHO jeaHOCTaB-
HOM TEXHOSOLWIKOM MOCTYTKY, anu 1 1U3y3eTHO NOBOJSBbHYIM
EKOHOMCKVM KapaKTepyrcTMKama crctema. Pesyntat Tora je
3aCTyrn/beHOCT OBOT TWMa dacagHe obpage Ha npeko 80%

[Owjarpam 3. — QacagHa obpaja
- 3aCTyﬂJ'bE‘HOCT Mo TMrnoBmMmMa

of aerated and foam concrete with exceptional energy
properties are increasingly being used in vertical and
horizontal constructions, often without the application
of further thermo-insulating layers.

Regarding applied materials and techniques of finish-
ing, structure of applied facade cladding on buildings
from this construction period varies. In almost all build-
ing types external thermal insulating contact systems are
dominant, with thin finishing mortar layer. Choice of this
facade system as the prevailing one lies in the compli-
ance with current legislation in terms of thermal prop-
erties, but also in simple technology of application, and
its favourable economic conditions. The result is that this
facade system is present in over 80% of buildings and it
can be said that it represents the main feature of the peri-
od. Their application is present in almost every building
of the analyzed period, whether as the dominant type of
facade or as individual decorative elements.

Application of these cost-effective models of facade
materialization has largely suppressed traditional render-
ing techniques (fine plasters, artificial stone) and brick
or stone cladding. These are nowadays applied most-
ly in luxurious family housing, or as sporadic decorative
segments in multifamily buildings. Also, it is important to
say that brick facade cladding, which has largely marked
some of the previous construction periods, is being

Diagram 3. - Facade cladding
- representation per types

wni2-uee 12 S 15 (@) o dacans

wn3-voes R 12 contact facade system o
wna-yped R 3 ocrane o6ore %
wns-ypes 20 other cladding o
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3rpaga. Moxe ce pehn fa osu dacagHv cuctemn nNpea-
CTaBrbajy OCHOBHO Obenexje nepuviofa. Hbuxosa npume-
Ha, y Behoj 1An Marb0j Mepy, MPKUCYTHA je Ha FOTOBO CBUM
3rpafama aHanusupaHor neprnopa, 6es 063npa Ha To Aa nn
ce pagv o npeoenahyjyhem T1ny 3aBpliHe obpage vnm o
NOjeAVHAYHNM AEKOPATVIBHVIM €NTeMEHTMA.

Moxe ce pehu aa je npumMeHa HaBeAeHNX eKOHOM-
CKM WCIaTUBMX Mofena MaTtepujanmnsaumnje dacagHmx
MOBPLUMHA Y BENVKOj MEPW MOTUCHYNA NPUMEHY Tpaaw-
LMOHANHMX TEXHWKA ManTepucarba (MNeMeHnTn Mante-
pV, BELUTAUKM KameH) 1 obnararba OMeKoM ¥ KaMeHOM.
FbrxoBa ynotpeba ce caga Besyje y Hajgehoj mepw 3a
EKCKIy3VBHE MOPOAMYHE 3rpafe Wiv 3a CnopaguyHe
[eKopaTvBHE MapThje Ha BULIENOPOAUYHMM 3rpajama.
[Mopep TOra, 3Ha4ajHo je MOMeHYTV Aa je NpuMeHa Gacaa-
He onekKe, Kao MaTepwjana Koju je y Benvkoj mepu obene-
MKMO MPEeTXOAHEe Nepuoe, CBE Makbe NPUCYTHA, a 1a FeHO
MeCTO 3ay3VMajy AeKOPaTVBHU KEPaMUUKL eNeMeHTH y

[unjarpam 4. - bpoj 1 reomeTpuja NPO30PCKMX OTBOPA
no TMNOBMMA

i 1-2-ype 12 | I R R
wn3-ypes |
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suppressed and replaced by ceramic elements with
brickwork appearance. Combined with thermal-insulat-
ing facade systems these cost-effective surrogates find
application not only in large multifamily buildings, but
also in smaller family housing projects.

Besides the thermal-insulating facade systems, large
variety of the market supply of contemporary building
materials results in increasing application of decorative
facade claddings based on metal, plastic, wood, fibre
cement and ceramic materials. Applied as exterior clad-
ding in the ventilated facade systems, these materials
can mostly be found in multifamily buildings.

Regarding window openings, almost 100% of build-
ings have individual window openings, placed in less
than 50% of facades. This is the case in 90% of build-
ings, which can be explained by the general rationali-
zation of thermal losses in thermal layer, but also with
the changed stylistic features of new buildings. Special

Diagram 4. - Number and geometry of window openings
per building types

. Mano otBopa (<50%)
low window-to-wall ratio (<50%)

P pocte oreopa (507
™mn4-type high window-to-wall ratio (>50%)

wns-types | N N —

75% 80% 85% 90% 95%

[Onjarpam 5. — Matepujan Npo30pCKMx OKBMPa
Mo TMNOBMMa

mn1-2-type 12 [
™n 3-5 - type 3-5 |
0% 20% 40% 60% 80%

[l0CTa 0TBOPa (NPO30pCKe Tpake)

100% high number of openings (window ribbons)

Diagram 5. - Window frame material
per building types

ApBso
wood

MBL
100% PVC

ANYMVIHWjyM
aluminium
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NMMTaLM oneke. Y caaejcTBy ca TepMOM30IaUMOHMM
dacagHVM CMCTEMIMA, OBM EKOHOMCKM MCMNATUBK Cypo-
raTu Hanase yecty NPUMEHY He CaMO Ha BEIMKKM BULLIe-
NOPOAMYHMM 3rpafamMa, Beh 1 Ha MakbM NOPOANYHIM
3rpagama.

Ocnm nprmeHe GacaHVX TePMOV30NALUMOHNX CUCTe-
Ma, BESIMKa Pa3HOBPCHOCT MOHY/E TPXKMLUTA CaBPEMEHMX
rpaheBMHCKKX MaTepwjana AOHOCK cBe Behy mpumeHy
[leKopaTUBHYX dacafiHVX obnora of MaTepujana Ha 6asu
MeTana, nnacTvke, ApBeTa, Gprbep-LemeHTa, KepamuKe.
PeanvzoBaHu y CUCTeMy BEHTUNMCaHWX dacaHMX 0bno-
ra, OB Matepujany Hajuewhe Hanase npuMeHy Ha BuLle-
NOPOAMYHMM 3rpafama.

Kapa cy y nutarby npo3opckn oteopu, rotoso 100%
3rpaja je peann3oBaHoO Ca NojeAMHaYHUM MPO30PCKIM
OTBOPWMA, MOCTaB/bEHUM Ha Marbe of 50 % dacane. Oo
je cnyyaj kop oKko 90% 3rpaja, WTO Ce HaYeTHO MOXe TyMa-
unTK NOTPebOM 3a OMWTOM PaLVOHaNM3aLUMjom TomIoT-
HUX rybuTaka TEPMUUKOT OMOTaua, anv U NpOMeHseHVIM
CTUNCKMM KapaKTepWCTMKamMa HOBUX 3rpafa. [locebHy
CneundUUHOCT NPeACTaB/ba rOTOBO MOTAYHO OACYCTBO
NPO30PCKMX Tpaka (3acTynbeHe ca ceera 1%), Koje cy y
npeTxofgHuM nepuogmuma (1961-1970 1 1971-1980) npes-
CTaB/base NPEeNO3HaAT/bMB eNEMEHT aPXUTEKTOHCKOT 13pa-
33 KOA BMLIENOPOANYHIX 3rpaaa. ANConyTHO AOMUHNPAJY
3rpage ca nposopuma of MBL-a (87%), AoK Cy 3HATHO
Makbe 3aCTyr/beHe 3rpajde ca NPo30puMa Of anyMUHWjy-
Ma (10%), onHocHo apeeTa (3%).

MprMetbeHN TEPMO-TEXHUYKY CUCTEMY

Y cknagy ca HeAaBHO yBefeHUM mepama y obnactu
eHepreTcke eprKaCHOCTY y 3rpajama, BeMKa Naxkka ce
nocsehyje n360opy v peanmalmjni OCHOBHWX U AOMYHCKNX
TEPMOTEXHWUKIMX CUCTEMA 3a rpejarbe 1 xnahere 3rpada.
[pVYMeTHa je TpaH3MuWja Ka HOBMM CUCTEMUMA KOjU Cy
[lOHe[}aBHO UM NMOTMYHO CTPAHM Ha AOMaNeM TOXNLLITY.
Ha npBom mecTy ce paan O eHepreTcky eduKacHUM
CUCTeMMMa 3a rpejarbe 3rpajia, Koju obyxBaTajy npuMe-
Hy edrKacHMX KOTNOBA 3a rPejarbe PasnnunTM BPCTama
eHepreHarta (rac, nener, ApBHa Ceyka), CaBpemeHe cucTe-
Me perynauvje, kao v cse Behy mpuMeHy TOMNOTHUX
Nymnv. 3a JarbKMHCKe cucTeMe rpejarba yobuyajeHo je
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feature is almost complete lack of window ribbons
(represented with only 1%) which were a recognizable
element of architectural expression in multifamily build-
ings in previous periods (1961-1970 and 1971-1980). PVC
window frames are dominantly prevailing (87%), while
aluminium and wood framing is significantly less repre-
sented (10% and 3%, respectively).

Applied thermo-technical systems

According to recently introduced measures in the
field of energy efficiency in buildings, great attention
is being paid to the choice and installation of basic and
additional thermo-technical systems for heating and
cooling in buildings. Transition towards new systems
that were recently completely unknown on the domes-
tic market is now evident. This primarily refers to energy-
efficient heating systems, which include application of
efficient boilers fired by different fuels (gas, pellets, wood
chips), modern regulation systems, as well as increas-
ing application of heat pumps. In buildings connected
to district heating systems, installation of thermostatic

nocCTaB/batbe KanopumeTtapa y3 Hamnarty npema notpo-
WHM CBaKOr noTpolwava. lNopes 0B1x OCHOBHMX CUCTe-
Ma, cBe Behy MPVMEHY Hanase 1 WHTerpucaHu cucte-
MW ApUNpemMe CaHWTapHe Tore Bode Ca CUCTeMMmMa
rpejarba, OK Ce COMapHU KOMIEKTOPH oL yBeK jaBrbajy
CNOPaanyYHo.

MopoanyHe 3rpage y Hajsehoj Mepw vmajy MHCTa-
JIMpaHe LeHTpanHe cucteme rpejarba, a Ha OBaj HauuH
ce rpeje 70% pomahuHcTaBa. Hekana AOMMHaHTaH
CUCTEeM JIOKAIHOT 3arpesarba NpocTopuja nojeanHay-
HUM ypehajima, caaa je 3acTynsbeH Kog ceera 25% 3rpa-
na. MaprmHanHy 3acTynybeHOCT MMajy CUCTEMM ETaxHOT
(49%) v farpMHCKOT rpejarba. Haj3acTynsbenunjn eHepreHT
je opBo, Koju ce kopucTn kog 40% 3rpada, a NoTom crefe
rac (24%), yrame (20%) v enektpuuHa eHepruja  (16%).
Mpvnpema caHWTapHe TOme BOAE MyTem JOKaNHMNX
ypehaja (enekTpuuHu 6ojnepw) 1 fasrbe je AOMUHAHTHA 1
npuCyTHa je ko rotoso 80% 3rpaja.

Hunjarpam 6. - 3acTyr/beHOCT TUMOBa rpejarba
NMOPOANYHWX 3rpaja

4%

Ounjarpam 7. - 3acTyn/beHOCT TMNOBaA rpejarba
BULLENOPOANYHIIX 3rpaja

YBog Introduction

valves and consumption-based billing has become
usual. Beside these basic systems, there is an increasing
application of systems of domestic hot water integrated
with heating systems, while installation of solar collec-
tors is still sporadic.

Family houses mostly have central heating system,
and this is a heating method in 70% of households. Once
dominant system of local room heating by individual
devices is now represented with only 25% of buildings.
Wood fired central heating and district heating have
marginal representation (4%). Main fuel is wood, used in
40% of buildings, followed by gas (24%), coal (20%) and
electric energy (16%). Domestic water heating through
local devices (electric boilers) is still dominant and pres-
ent in almost 80% of buildings.

Diagram 6. - Representation of heating systems
in family houses

. LEHTPanHo

central

. NarbUHCKO
district
eTaxHO
wood fired

. JIOKaIHO
local

Diagram 7. - Representation of heating systems
in multifamily buildings

. LeHTpasnHo

central

‘ NarbUHCKO
district
€TaXHO
wood fired

. NoKanHo
local
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Ko BuLLENOpOaMYHMX 3rpafia Haj3acTyrubeHnjn je
CUCTEM AATBbUHCKOT rpejatba, ca GOCHNHMM roprBMMa Kao
OCHOBHVM eHepreHToM. Ha oBaj HauvH rpeje ce oko 40%
3rpaja. [0TOBO MopgjefHaKy 3acTyrbeHOCT MMajy eTax-
HY (24,5%), OIHOCHO NOKanHM cucTemm rpejarba (21,5%).
LleHTpanHn cnctemun rpejarba Cy 3acTyrybeHn ca cBera
14,5%, LWUTO Ce y TPeHYTKY NOAM3aHa eHepreTcke edukac-
HOCTV 3rpafa v TeHaeHUMja Kka edUKacHWjUM — eHepreT-
CKM HE3aBWMCHMM 3rpaflama Moxe CMaTpaTtyi Camo Kao
TPEHYTHO CTarbe. Kao 1 Kof MOPOLAMYHMX 3rpaja v OBhe
je Haj3acTyrubeHnja npunpema caHuTapHe Tonne BoAe
nyTem NoKanHux ypehaja (enektpuuHm 6ojnepn), Koju cy
APUCYTHM KO Yak 90% mn3rpaheHnx 3rpaga.

TunnyHe 3rpage 1 rXoBe KapaKTepUCTHKe

MpvKyn/beHy Nofaum ykasyjy Aa Cy TOKOM aHanvsu-
paHor neprofa rpaheHv nopoanyHm cnoboaHoctojehe n
3rpage y Hi3y, Kao v BULLenopoandHe cnobogHocTojehe
3rpaje, 3rpaje Tmna namena W 3rpage y OKBMPY rpaj-
CKOT HK3a. Kao 1y npeTxogHoM nepuody, 3abenexeHo
je moTnyHO OACYCTBO 3rpafa BUCOKE CNPaTHOCTN—CONMM-
Tepa, Mafia Cce TakBa CuTyauumja Mosako merba. Kao wro
je Beh peueHo, aKTyenHOM M3MEHOM MaHCKe AOKyMeH-
Tauuvje 3a nogpyuje beorpapa, NOHOBO ce A03BO/baBa
M3rpadHa BUCOKMX 3rpafa Ha ofpehernm nokauwvjama,
a tbMxoBa peanusauumja je noyena Tokom 2016. rognHe y
CKAIONYy PafloBa Ha ypehery 1 13rpaarert CaBCkor Npuo-
6arba, y OKBMPY NpojekTa beorpag Ha soaw. Ctatnctny-
KOM aHaM30M NMOCMaTPaHOr Y30PKa, y CMUCITY mpoBepe
OCHOBHMX YPOAHNCTUYKO-aPXUTEKTOHCKIX KapaKTepmnc-
TVIKa 3rpafda Koju cy AeduHmcaHn HaunoHanHom Tmno-
norvjom ctambeHux 3rpaga Cpbuje, U3BplUeH je 136op
KapakTepUCTUYHWX NpeACTaBHWKa 3a fAedrHMCcaHe TUno-
Be 3rpaja. VI3y3eTak mpeAcTaB/bajy NOPOAMYHE 3rpaje
Y HU3Y, 33 Koje Huje AeduHMUCaH TUNMYaH NPeACTaBHNK.
Byayhu fa ce paawn jako manom 6pojy OBakBMX 3rpasa
(hoUx cBera 35), Koju Y YKYMHOM Y30PKy 3ay31mMajy 13y3eT-
HO Manu NPOLIeHTYanHm yaeo, 0Baj TUN 3rpaga Huje yset
Y Rasby paspagy.

Y CKnagy ca MeTOLOMOWKMM NOCTYNKOM fedurHumca-
HVIM MPUANKOM M3paae HaumoHanHe Tmnonoruje ctamoe-
HWx 3rpaga Cpbuje, KOjUM Ce 3a CBaKM TUM 3rpafja Moxe
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In multifamily buildings, district heating system
running on fossil fuels has dominant representation, with
40% of buildings heated this way. There is similar repre-
sentation of wood fired heating systems (24.5%) and
local heating systems (21.5%). Central heating systems
are represented in only 14.5% of buildings, which can
be seen only as current state, having in mind tendencies
towards raising energy efficiency and energy indepen-
dence in buildings. Similarly to family buildings, domes-
tic water heating through local devices (electric boilers)
is also dominant in multifamily buildings, and is present
in more than 90% of constructed buildings.

Typical houses and their characteristics

Gathered data indicate that freestanding family build-
ings and row buildings, as well as freestanding multi-
family buildings, lamella type buildings and row build-
ings within an urban block were constructed during the
analyzed period. As in the previous period, there is a total
lack of high-rise buildings, although this situation is slow-
ly changing. As previously mentioned, current changes
in general planning documents for Belgrade city area,
again allows high-rise construction in certain locations,
and their realization has already begun during 2016 with-
in Belgrade Waterfront development project. Statistical
analysis of the observed sample, regarding verification
of basic urban and architectural features defined with
the National Typology of Residential Buildings in Serbia,
the selection of characteristic representative buildings
for defined building types has been performed. Family
buildings in a row have been exempted, due to the low
representation of these buildings in the overall sample
(only 35 buildings), and this building type has not been
further analyzed.

According to the methodological procedure defined
during work on National typology of residential build-
ings in Serbia, one typical representative model build-
ing for each recognized building type is defined, creat-
ed through recognition of a dominant cluster of main
characteristics. This method allows for variations of other
characteristics throughout the sample, like number of

Tabena 5. — OCHOBHE KapaKTeprcTMKe TUMMYHIX 3rpaja 3a
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Table 5. - Basic features of typical buildings since 2013

nepuop of 2013.
Tun 3rpage - Building type
e & | & | &
cnobopHocTojeha cnobogHocTojeha namena Yy HY3y
freestanding freestanding lamela in a row
cnpaTHocT M (M+Mk) M+2 vnn M+3 [+6 nnn M+6-+1k([Mc) M+4 (M+3+Mc) nnn
number of floors Gf (Gf+Lo) (M+2+1k) Gf+6 or Gf+6+Lo N+5 (M+4+T1c)
Gf+2 or Gf+3 Gf+4 (Gf+3+Lo) or
(Gf+2+Lo) Gf+5 (Gf+4+Lo)
HauynH Kopuwherba Nprzemsba CTaHOBabe nopjeaHako npeosnahyje npeosnahyje
ground floor use residential CTaHOBakbe 1 nocnoBarbe MocnoBarbe
nocnosarbe dominant commercial | dominant commercial

equal share of
residential and

commercial
yKynaH 6poj ctaHoBa 1 12-22 22-40 15-25
total number of apartments
6p0j CTaHOBA MO eTaxu 1 3-5 4-6 3-5
number of apartments per floor
pa3syheHocT ocHoBe KOMMaKTHa 1im KOMMaKTHa 1in KOMMeKcHa KOMMaKTHa 1nn
building layout pasyheHa pasyheHa complex pasyheHa
(paBHONpPasHo) (paBHOMPaBHO) (paBHONPaBHO)
compact or complex | compact or complex compact or complex
(equal share) (equal share) (equal share)
BPCTa KpoBa KoC KoC KOC/paBaH KOC/paBaH
roof type pitched pitched pitched/flat pitched/flat

HauyuH KopuLwherba MOTKPOBHON NPOCTOPa
attic space use

TaBaHCKM NPOCTOp
attic

KOpWCTY Ce 3a
CTaHOBatbe
used for living

KOPWCTY Ce 3a
CTaHoBarbe
used for living

KOPUCTY Ce 3a
CTaHOBarbe
used for living

NPO30PCKM OTBOPYU

Matbe nojefnHayHnx

BULLEe/Matbe

BULLE/Matbe

BULE NOjenHAYHNX

window openings oTBOPA NojeAVHaYHVX OTBOPa | MOjeAMHaYHMX OTBOPa | OTBOPa
less individual more/less individual more/less individual more individual
openings openings openings openings
marepujanmsanmja npo30PCKIX OKBYPa By MBL MBL van anymuHmjym | TIBL van anymmHmjym
window frame material PVC pPvC PVC or aluminium PVC or aluminium
3aBpluHa obpaga dacage mantep mantep ManTep/apyre obnore | mantep/ppyre obnore
facade finishing mortar mortar mortar/other mortar/other
claddings claddings

1n3abpaHv npumepm
selected examples
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AeduHMCaTV NO jeflaH KapakTepmcTUYaH NpeAcTaBHUK
-TMnuuHa kyha, y3 6nare Bapwjauuje apxXUTEKTOHCKIX
napameTapa, Kao LUTO Cy CMPATHOCT, YKyMaH 1 NpoceyaH
6poj cTaHOBa, 0ONMK OCHOBE, OAHOCHO efleMeHTN MaTe-
pujanr3aupje GacagHvx NOBPLIMHA, oapeheHn Cy OCHOB-
HV KapaKTepuCTUYHW MPeACTaBHULM 3a YeTvpu Tvna
3rpana, Kao U HXOBW BapUjaHTHM MojaBHKU obnvum. Ha
OCHOBY PEeNIeBAHTHMX apPXUTEKTOHCKMX KapaKTepuCTIKa
3rpaga rpabenvx y nepvogy oa 2013. naeHTMdrnkosBaHm
Cy ,MOAenNCKe 3rpage” Koju, No CBOjJUM KapaKkTepucTMKa-
Ma, HajIpubAVKHMje penpeseHTyjy AeduH1CaHe TUNoBe.
lpernen peneBaHTHUX apXMTEKTOHCKMX KapaKTepucTu-
Ka Mo TMnoBu1Ma NpukasaH je y Tabenu 5.

YnopefHOM aHanmM30M OCHOBHMX KapakTepmcTvka
TUMWYHVX 3rpaja, ca MPOCEYHUM BPEAHOCTMMA MOCMa-
TPaHOT Y30pKa, yTBPHeHO je fa ce y Hajsehoj mepn nogy-
napajy, Kaa cy y nutarby Opoj eTaxa, TUn KpoBa, HaumH
Kopuwhera NOTKPOBHOI NPOCTOPa, TN dacafHVX OTBO-
pa, Kao 1 MaTepujanmsaumja dacagHor omotaya. OAcTy-
nakbe Of MPOCEYHMX BPefHOCTV yTBpheHo je y norne-
[y YKyMNHOr 6poja CTaHOBa ¥ 0bMka OCHOBe 3rpaje, LTo
yKasyje Ha Pa3HOBPCHOCT y30pKa W Pasnmymte npoctop-
He KanauuTeTe naplena Ha Kojuma ce rpaan. AHanvsom
TUNUYHWX BPeHOCTW NpurKasaHux y Tabenn 5, Takohe je
yTBPHEHO A3 y OKBMPY MojenHauHNX TMNOBa HemMa Beu-
KX OACTYMNarba MO OCHOBHWM KapakTepUCTVKama, LUTO
BOOM M300pY CaMo jefHe ,Mofesicke” 3rpafe 3a CBaku
aeduHMcaHy TN, Marba OACTynama npuMeTHa Cy Mo
MWTakby CNPATHOCTK, anu ce konebarba OABUMjajy Y pacno-
Hy Of] JeiHe eTaxe, LUTO Ce, Ca acneKTa carnefasarba yKymn-
HVIX KapakTepuCTVKa MOAESICKE 3rpafe, MOXe cmaTpatn
npenesaHTHUM. C Apyre CTpaHe, Hajseha oacTynarba Besa-
Ha Cy 3a 6poj CTaMbeHNX jefnHMUA MO 3rpadu, OOAHOCHO
eTaxu. C 0631MpOM Ha Mana ofACTynarba y norneay cnpar-
HOCTW, OBa AMCNPONOpLMja je NMPBEHCTBEHO Be3aHa 3a
BEJIMYMHY 3rPaje, an 1 3a CTPYKTYPY 1 MOBPLUMHY CTaM-
BeHVX jelMHMLA KOje YTUUy Ha YKYMHO ocTBapeHu 6poj
CTaHoBa y 3rpaau. Mimajyhun y Bualy aa yKynaH 6poj ctaHo-
Ba He yTuue 3HATHO Ha HMBO eHepreTcke ePUKacHOCTM
3rpaje, OBa KapakTepucTvKa He NpefcTaB/ba NpecyaaH
napameTap y NocTynKy 13bopa MOAENCKYX 3rpaja.

Y cnyyajy 3rpafia HamerbeHVX MOopOAMYHOM CTaHO-
Batkby, Kao TWUMMUaH MpeacTaBHUK cnobogHocTojehmnx

floors, total and average number of apartments, type of
floor plan, elements of materialization of thermal enve-
lope, without influencing issue of relevance of generat-
ed energy performance characteristics. Based on rele-
vant architectural features of buildings constructed since
2013, model buildings have been identified that by their
characteristics reflect the defined types in best way.
Overview of relevant architectural features by types is
given in Table 5.

By comparing basic characteristics of typical build-
ings with average values of the observed sample, it was
determined that they mostly match in number of floors,
roof type, attic space use, facade opening types and
materialization of facade cladding. Deviation from aver-
age values is present in terms of a total number of apart-
ments and floor plan layout, indicating diversity of the
sample and different spatial capacities of building lots.
By analysing typical values shown in Table 5, it has also
been determined that within individual types there are
no significant deviations from basic characteristics, lead-
ing to the choice of one single model building for each
defined type. Slight deviations are noted in terms of
number of floors, but they remain within the range of
one floor, which can be considered irrelevant from the
aspect of complete characteristics of the model build-
ing. On the other hand, greatest deviations are related
to the number of apartments per building and/or per
floor. Considering slight deviations in floor numbers, this
disproportion is primarily connected to a building size
and structure and size of apartments which influenc-
es their total number in a building. Having in mind that
total number of apartments does not affect energy effi-
ciency of a building, this characteristic does not repre-
sent a crucial parameter in the process of choosing the
model building.

In case of buildings for family housing, building with
slightly complex form with ground floor used exclusive-
ly for living has been chosen as a typical representative
of freestanding buildings (Type 1). The building is with-
out a basement. Roof surface is constructed in the form
of complex hipped roof. Facade is rendered, with small
number of individual PVC windows (they take up rela-
tively small area of the facade). Except the volume of a

3rpapga (Tvn 1) u3abpaHa je 3rpaga 6Gnaro pasybene
bopme, ca nprzemsbem Koje ce KOPUCTH UCKIbYUMBO 3a
CTaHOBarbe. 3rpaja je 6e3 noppyma. KpoBHa noBpuinHa
je n3BeAeHa y GopMUM CIIOXEHOT YeTBOPOBOAHON KPOBa.
Macafa 3rpaje je ManTepmncaHa, a Ha Hoj ce Hanasm Mann
6poj nojeamHaunux MBL| nposopa (3ay3umajy penatvs-
HO Many NOBPWWHY Ha dacaam). OCMM BOTyMEHa rapaxe,
KOjW je HerpejaH, Leo KOpWCTaH NpoCTop ce rpejeLeH-
TPANHUM CUCTEMOM Fpejarba, Ca HUCKOTEMMEPATYPHUM
KOTNIOM Ha 3eMHM rac. Y 3rpagv He NoCToju LEHTPaNm3o-
BaHa NpWNpemMa CaHWUTapHe Tonne BoAe.

KoZ BMLLENOPOANYHOT TUMA CTaHOBAH:A, KAO TUMMYaH
npeacTaBHUK cnoboaHocTojehwx 3rpaga (Tvn 3) nsabpa-
Ha je 3rpala KOMMaKTHe, braro 13ay»xeHe OCHOBE, Ca UeTu-
p¥ HapzemHe kopucHe etaxe (Mp+3). Y nprsemby 3rpage
CMelTeHe cy CTambeHe jenHuMLE, ONHOCHO TeXHNYKe 1
nomohHe npoctopuje 3rpafe. KpoBHa NoBpLUInHa je 13Be-
feHa y GopMKM MINTKOT KOCOT KPOBA (TEXHWUKM KPOB KOjU
Hema ynoTpebHy BpeHOCT). Y 3rpaau je CMeLITeHO YKyn-
HO 15 cTambeHwx jeanHmia. Dacaga 3rpage je mantepumc-
aHa y c1CTeMy KOHTaKTHe TepmMomn3onoBaHe dacaje, a Ha
HbOj Ce Hanasw Manun 6poj NojeAnHauHKx Npo3opa nspahe-
Hvx oA MNBLL npoduna (3ay3vmajy penatmBHoO many nosp-
WKHY Ha dacaan). 3rpasa ce rpeje LeHTPaNHMM CUCTEMOM
rpejarba, ca HUCKOTEMNEepPaTyPHUM KOTIOM Ha 3eMHM rac.
MNpunpema Tonne Bofe NOBE3aHa je ca CUCTEMOM rpejarba
1 06aBsba Ce LUEeHTPanM30BaHo.

Koa 3rpaga tina namena (Tun 4) wnabpaHu npea-
CTaBHMK MIMa KOMMAKTHY OCHOBY 1 OCaM KOPVICHWX eTaxa
(Mo+MNp+6+T1c). Mpunzemrbe 3rpafe je HameHeHo Nocos-
HUM [enaTHOCTVMMA, AOK CY HaA3EeMHE eTaxe U1 MoByYe-
HW CnpaT Hamer-eHW CTaHoBarby. Jlamena je feo sehe
LenvHe y Kojoj Cy mpu3emHe naptuje, y Hajgsehem 6pojy
CryyajeBa, HamerbeHe MOCIOBHUM NPOCTOPKMA, JOK CY
NOLOPYMCKe eTaxe HamerbeHe MapKuparby. Y 13abpaHoj
3rpadm CMELUTEHO je YKYNHO 45 CTamOeHuX jeamHmLa, ca
5-7 ctambeHnx jeamHuLa no eTaxkn. OacTynarba y OKBW-
Py KapakTepucTvKa MpukasaHux y Tabenn 5 BesaHa cy
33 YKynaH 6poj CTaHOBa Y 3rpaan, O4HOCHO 33 MPoCeYaH
6poj cTaHoBa Mo eTtaxu. OBO je MPBeHCTBEHO pe3ynTaT
m3rpadree 3rpage ca Behum 6pojem CTamOeHnx jeAnHu-
la, OHOCHO ca Behum GpojeM marKx CTaHoBa rpahe-
HIX 3a TRXKULLITE, LUTO Y NOCAeHe Bpeme nocTaje roToBo

YBop Introduction

garage, entire living space is heated through a central
heating system with a low temperature gas boiler. There
is no centralized domestic water heating in the building.

In multifamily housing, typical representative of free-
standing buildings (Type 3) is the building with compact,
slightly elongated floor plan, with four floors (Gf+3).
Ground floor of the building has residential units and
technical and auxiliary facilities. Roof surface is a shallow
pitched roof (technical roof without utility value). Build-
ing has 15 residential units. Its facade is rendered in the
thermal insulating contact system, with small number of
individual PVC profiles (they take up relatively small area
of the facade). The building is heated through a central
heating system, with low temperature gas boiler. Water
heating is centralised and connected to the heating
system.

In lamella type buildings (Type 4), chosen repre-
sentative has a compact layout and eight useful floors
(Bs+Gf+6+L0o). Ground floor is intended for commer-
cial purposes, while other floors are residential. Selected
lamella is part of a greater complex where ground floor
premises are mostly commercial facilities, while base-
ment is occupied with a garage. In the selected lamel-
la there are a total of 45 residential units, with 5-7 units
per floor. Deviations from characteristics shown in Table
5 are related to a total number of apartments in the
building and per floor. This is resulting foremost from
the practice of developing a larger number of small-
er apartments, due to the market demand. Lately, this is
becoming usual practice. Facade is rendered in the ther-
mal insulating contact system, with big number of indi-
vidual aluminium/wood windows (they take up relative-
ly big area of the facade). The building is connected to
the district heating system (fossil fuels) with individual-
ly installed thermostatic valves and consumption-based
billing. Water heating is centralised and connected to the
district heating system.

Representative building built within a row inan urban
block (Type 5) has a slightly complex layout and five
useful floors (Bs+Gf+3+Lo). Ground floor is intended for
commercial purposes, while other floors are residential.
Selected building has a total number of 18 apartments,
with 4-5 units per floor. Specific feature of the chosen

29



HauproHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

yobuuajeHa npakca. Macafa je mantepucaHa CUCTEMOM
KOHTaKTHe TepMOM30/10BaHe dacaje, a Ha HOj Ce Hanasm
Behv 6poj NojearHaYHUX NPO30Pa Yy KOMOUHALIMjW anyMu-
HWjyM-0PBO (3ay3MMajy penaTmBHO BENMKY MOBPLLMHY Ha
dacanw). 3rpafa ce rpeje AarbUHCKUM CUCTEMOM rpejarba
(bocnnHa ropwsa), y3 nojeanHauHy perynauujy Tonnote
TEPMOCTATCKMM BEHTUANMA W HANaTy Npema NoTPOLLHM.
lNpunpema Tornne BoAe NOBE3aHa je Ca CUCTEMOM rpejarba
1 0baBsba Ce LieHTpanmM3oBaHo.

Kao npenctaBHMK 3rpaga rpahernx y okeupy rpag-
ckor 6noka (Tun 5), n3abpaHa je 3rpaga 6naro pasyhe-
He OCHOBe, ca neT kopucHux eTaxa (Mo+Mp+3+c).
Mpu3emibe 3rpage je HaMereHO MOCNOBHUM Aenat-
HOCTMMa, JOK Cy Haf3eMHe eTake W MnoByyeHu cnpat
HamerbeH CTaHOBarby. Y 13abpaHoj 3rpagn CcMmellTe-
HO je yKynHO 18 cTambeHux jeanHnLa, ca 4-5 cTambeHnx
jeavHvUa No eTaxw. [NocebHy KapaKTepuCTHKy 13abpaHe
3rpage uvHe NpoCTOpPM HamerseHW MOCIOBHVM Aenat-
HOCTMMa, KOjW Cy, Yy CKIOMY MPU3EMHE eTaKe BenwKe
BMCMHE, OPraHm130BaH y ABa H1BOA (MpU3emsbe ca rane-
pWjom), WTO je yecTa nojasa y oBom nepmogy. Pacaaa
3rpafie je peanvizoBaHa KOMOMHALMOM TpaaMLMOHanHe
ManTepucaHe dacafie (BellTauky KameH) 1 caBpemeHor
TVINa MaNTEPUCaHe KOHTaKTHE TepMOM30/10BaHe Gacae.
Mpo3opu cy of anymrHMjymMa 1y Gopmm NojeanHaYHNX
OTBOPa 3ay3V1Majy BeMKY NOBPLUMHY Ha Gacaan. 3rpaga
ce rpeje aarbMHCKMM CUCTEMOM rpejarba (GocunHa ropm-
Ba), Y3 NojeAnHaYHy perynauujy Tonnote TepMOCTaTCKAM
BEHTMAMMA W HannaTy npema noTpouwru. Mpunpema
TOMnne BOJie NMoBe3aHa je ca CUCTeMOM rpejatba U 0baB/ba
Ce LieHTpan13oBaHo.

MNpennoxeHe mepe eHepreTcke caHauuje

HakoH carnefjaBarba MaTepujanHUX W TepMuny-
KMX KapakTepuCTVKa M3abpaHe 3rpage 1 yTBphrBarba
HVBOA HbUXOBe eHepreTcke edukacHoCT, dopmMupa-
HW Cy Npeano3u 3a eHepreTcka yHanpehersa. Mpeano-
XeHe Mepe eHepreTcke caHauuje CTPyKTypupaHe cy y
[1Ba HMBOA npema ObVIMy U MHTEH3UTETY MPefIoKeHNX
pafoBa ¥ OAHOCe Ce Ha MoTeHUMjanHe rpaheBrHCKO—
TeXHNYKe MHTEPBEHUMje Ha NojearHauYHM CKIOMOBMMA

12 MpaBWHKK O eHepreTckoj edrkacHoCTH 3rpaga (Cryx-
6eHu rnacHnk PC 6p. 061/2011)
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representative are commercial spaces organized in two
levels (ground floor with mezzanine floor) within the
ground floor with large height, which is a frequent case
in this period. Facade of the building is a combination of
traditional rendered facade (artificial stone) and contem-
porary thermal insulating contact system. Windows are
in the form of individual aluminium openings and take
up big facade surface. The building is heated through
a district heating system (fossil fuels) with individually
installed thermostatic valves and consumption-based
billing. Water heating is centralised and connected to the
district heating system.

Proposed measures for energy refurbishment

After reviewing material and thermal features of
selected buildings and determining the level of their
energy efficiency, propositions for their further energy
efficiency improvements have been defined. Proposed
measures are structured in two levels based on the scope
and intensity of proposed works and relate to potential
construction and technical interventions on individual
assemblies or systems. Having in mind that all buildings

E The Rulebook on Energy Efficiency in Buildings (The Of-
ficial Gazette of RS, No. 061/2011)

n cuctemmnma. Vimajyhm y Buay aa cy cee 3rpajge rpabe-
HW Yy nepuogy of 2013. 0CTBapUIN MUHUMATHO TPaXeHM
HMBO eHepreTcke edUKaCHOCTW, OAHOCHO Aa Npwnagajy
Hajmarbe “C" (naTnHnyHO L) eHepreTckom paspeay y ckna-
ay ca MpaBunHuKom,'? npeanoxeHe mepe yHanpehera
Texe MOCTM3aky OMTUMANHUX, OAHOCHO MaKCMMan-
HO moryhux ywteaa, 6e3 obaese npenacka y HapenHu
eHepreTck/ pasped. Y TeXHWYKOM CMUCAY, Mpeanoxe-
He VHTepBeHUMje y 0ba HMBOA yHanpehera 00yxBaTajy
rpaheBrHCKke Mepe KojMa Ce MHTEPBEHMLLE Ha TEpMMY-
KOM OMOTauy 3rpajie, Mepe Kojima ce NobosbliiaBa CUCTEM
rpejarba, Kao 1 mepe Be3aHe 33 Nobosbllarbe CncTema
npunpeme Tonne Boge.

lpaheBUHCKe Mepe

MpBM HWBO yHanpeherba nNofpasymesa ONTVMAN-
He Mepe MHTepBeHVCarba Ha efleMeHTVIMa TepMUYKOr
omoTayYa, y CMUCY CTaHOAPAM30BaHMX, Ha TPXKALWTY
LOCTYMHUX 1 NaKo M3BOASBUBIMX Mepa Koje He 3axTeBajy
Benvike rpaheBrHCKe MHTepBeHLMje, a Kojuma ce NnocTu-
Xy 3HaTHe ywTefe noTpebHe eHepruje. [NpennoxeHe
Mepe noapasymMeBajy yrpaary eHepreTcku eduKacHmjnX
Npo30pa ¥ CNosballkbKX BpaTa y OAHOCY Ha noctojehe,
Ca MUHVMANHUM KoedULMJEHTOM MPOMasa TonnoTe Of
1,1 W/m?K. Mopep Tora, npeasrheHa je yrpagra aonat-
He Tepmou3onauvje y MUHUManHoOj febrbnHn o 8 cm
(y3vmajyhm 'y 0B3Mp  KapakTepucTvke CTaHAAPAHMUX
TePMOM30MaLMOHKX MaTepujana) Ha Ckionose GacaaHnx
3100Ba, MehycnpaTHe KOHCTPYKLUMje M3HaA U/WMnn NCMOA
HerpejaHnx npoctopa, KOHCTPYKLUMje 13HaL OTBOPEHMX
NpPOCTOPa, Kao M KOCe KPOBHE KOHCTPYKLUMje. Y Luby
33ApXaBarba 3aTeUeHOr HMBOA MPOCTOPHOr KOoMdopa
3rpage (KopvcHa NoBpLWMHA MPOCTOPMja) HUCY Npea-
naraHe VIHTepBeHUMje Ha yHyTpalryM 3MAOBMMA Ka
HerpejaH1mM NPoCToprMa (OCKMM KOZ 3rpage NOPOANYHOT
CTaHOBAHbA).

[pyrn HWBO yHanpeherba TeXK NMOCTM3akby MaKCU-
ManHo Moryhux ylutefa, npMMEHOM MHTEPBEHLM]a Koje
Cy npunaroheHe KapakTepucT1MKama nocmaTpaHe 3rpa-
[le Kao WTo cy dakTop 0bnuKa, NpoueHTyanHo yuewhe
npo3opa Ha (acagHoj MNOBPWMHY, Npeosnahyjyha
maTepujanvsaumja Gacaga, CTPyKTypa MNojeamHauHnx

YBop Introduction

constructed since 2013 have achieved the minimum
required level of energy efficiency, i.e. they belong to
energy class ‘C" according to the Rulebook,'? proposed
measures of improvement are intended for achieving
optimal and/or maximum possible savings, without obli-
gation of upgrading to the next energy class. Technical-
ly, proposed interventions in both improvement levels
include construction measures that intervene on the
building’s thermal envelope, measures that improve the
heating system, as well as measures for improving water
heating system.

Construction measures

First level of improvement implies optimal measures
of intervention on thermal envelope elements, in regard
to standardized, available and easily achievable measures
that do not require complicated construction interven-
tions, and achieve significant energy savings. Proposed
measures include installation of windows and doors
that are more energy-efficient compared to the exist-
ing ones, with minimal heat transfer coefficient of 1.1
W/m?K. Also, additional thermal insulation installation
is proposed, with minimal thickness of 8 cm (having in
mind standard thermo-insulating materials) for facade
walls, floor constructions above and/or below unheated
spaces, constructions above open spaces and pitched
roof surfaces. With a view of preserving current spatial
comfort (useful floor area) intervention measures on
internal partitions towards unheated areas have not
been proposed (except in family housing).

Second level of improvement aims at achieving maxi-
mum possible savings, through interventions adjusted
to the characteristics of a building such as shape factor,
window to wall ratio, dominant facade materialization,
structure of individual elements for improvement etc.
These measures include installation of window and door
components of highest energy efficiency class available
in the market, with heat transfer coefficient of 0.8 W/m?K,
as well as installation of thicker layers of thermal insula-
tion in individual thermal envelope elements. Practically,
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CKNIONoBa Koju ce yHanpehyjy, nta. Ose Mepe 0byxBaTajy
Yrpaarby eHepreTcku HajedrKkacHmjux Npo3opa (ca CTaH-
[1apOM 3a NacuBHe Kyhe) 1 crnosballikbix BpaTa AoCTyn-
HVIX Ha TPXULLTY, Ca KoedunLMjeHTOM Nposasa TonaoTe of
0,8 W/m?K, kao 1 yrpaamy aebsbix crojesa TepMoun3ona-
umje y NojeAvHaYHMM CKIOMOBMMA TEPMUYKOT OMOTaua.
MpakTyHO, OBMM HMBOOM YHanpehetrsa je npeasubhe-
Ha yrpafra fogatHyx 12 cm TepMoKn30naumoHor marte-
pujana Ha cknonose dacafHWx 3KAoBa, mehycnpaTtHe
KOHCTPYKUWje 13Hag W/vUnv UCNOA HerpejaHux npocTto-
Pa, Kao M KPOBHE KOHCTPYKLUMje (KOCK 1 paBHW KPOBO-
BM). VIHTepBeHUMje Ha YHyTpalWhlM 31MA0BMMA Npema
HerpejaH1mM NpoCTOpPMMa HU Y OBOM HMBOY YHanpehersa
HUCY NpeaBvhaHe.

Mepe yHanpebhera cuctema rpejarba

YHanpeherbe cnctema rpejarba pa3maTpaHo je ncto-
BPEMEHO Ca MaHVpaHUM yHanpeherma eHepreTckmx
npedopmaHcK TepMUUKOr OMOTava 3rpage. Mmajyhu y
BMAY OCHOBHM TWUM 3rpage (MOPOAVYHM WY BULLEMNO-
POAVYHWM), BENWKY PA3HOMMKOCT Yy nornegy yrpaheHmnx
cucTeMa rpejarba, Kao M BPCTe eHepreHata Koju cy y
ynotpebu, aedunHncare Moaena obHose u yHanpeherba
CcUCTEMA rpejatba 3axXTeBano je pasnyuTe npucTyne.

Kof nopoamnuHux 3rpaga y npBom HYBOY yHanpehersa
npeaioxKeHa je NpoMeHa c1ucTema rpejarba U tuna eHep-
reHTa, y3 yrpadky epuKacHujer LeHTpanHor cncrema. Y
TOM cMUCAy npeasuheHa je yrpagrea TOMIOTHE mymne
cMcTeMa BasAyx-BoAda, Ca €NeKTPUYHOM EHEPrmjoM Kao
OCHOBHWM €HEpPreHTOM 1 BUCOKMM CTEMeHOM WCKO-
puwhera cnctema (N=3). Y Apyrom HMBOY yHanpeherba
npeanoxeHa je yrpafdkba HOBe, HajcaBpemeHuje onpeme
[OCTYMHE Ha TPAKMLUTY, Y OBOM CJy4ajy TOMIOTHE nymne
Y CUCTEMY 3eM/ba-BOAA, Ca W3Yy3€THO BUCOKKM CTEMEHOM
nckopuwhera cuctema (n=4,5).

Kon BMWENnOpOAMYHMX 3rpafa OCHOBHA Pasnnka y
npucTyny je BesaHa 3a noctojehe cucteme rpejarsa. Kog
3rpaga koje nmajy yrpaheHe LeHTpanHe cucTeme rpejarba
y NPBOM HMBOY YHanpehersa NpeanoxeHa je npomeHa
CUCTEMA 1 eHEPTeHTa, Y3 Yrpaarby epuKacHujer LeHTparn-
Hor cucTema. MNpeasrhera je yrpagra TonnoTHe nymne
cMcTeMa BasAyx-BoAda, Ca eNeKTPUYHOM EHEpPrmjoM Kao

this improvement level envisions installation of addition-
al 12 cm of thermal insulating material to elements of
facade walls, floor constructions above and/or below
unheated spaces, as well as roof constructions (pitched
and flat roofs). Interventions on internal partition walls
towards unheated areas have not been proposed in this
improvement level.

Measures of heat supply system

Improvement of heating systems was considered
simultaneously with planned improvement of energy
performance of building’s thermal envelope. Having in
mind the basic building type (family or multifamily), and
large variety regarding built heating systems and types
of fuels in use, definition of improvement and renew-
al models for heat supply systems required different
approaches.

In family buildings, the first improvement level
suggested a change of heating system and fuel type
by installation of a more efficient central system. In
that regard, installation of air to water heat pump is
proposed, with electrical energy as main fuel and high
heating system efficiency factor (n=3). The second level
of improvement suggested installation of a new, most
advanced equipment available on the market, in this
case ground to water heat pump, with extremely high
level of heating system efficiency factor (n=4.5).

In multifamily buildings, basic difference in the
approach is connected with current heating system.
In buildings having central heating system, the first
improvement level proposes a change of both the
system and the fuel, with installation of a more effi-
cient central system. Installation of an air to water heat
pump is proposed, with electrical energy as prima-
ry fuel and high heating system efficiency factor (n=3).

OCHOBHVM €HEPreHTOM W BUCOKMM CTEMEHOM MCKO-
puwhera cnctema (N=3). Y apyrom H1Boy yHanpehersa
npeanoxeHa je yrpaare HOBe, HajcaBpemeHuje ornpe-
Me [OCTYMHEe Ha TPXULWTY, Y OBOM C/yyajy TOMNOTHe
nymne y CUCTeMY 3eM/ba-BOA3, Ca M3Y3eTHO BUCOKUM
cTeneHoMm uckopuiwhera cuctema (N=4,5). Koa 3rpa-
[la Koje Cy MPUKIbYYeHN Ha AalbUHCKe ChCTeme rpejarba
(TonnaHe), NpepnoxeHe Mepe Be3aHe Cy MPBEHCTBe-
HO 3a yHanpehera Ha HMBOY CamMor mpoueca npunpe-
Me 1 aucTpnbyumje tonne Boge. Y TOM CMUCIY Mepe
npeaevheHe y NPBOM HUBOY yHanpehersa ce ofHoce
Ha Npenasak Ha Aa/bUHCKe CUCTEMe Ca KOoreHepauujoM
TOMNAOTe, Y3 yrpadky TEPMOCTATCKMX BEHTWMA W Hamnna-
Ty npemMa MnoTpoWwrK. Y Apyrom HuBoy yHanpebhersa
npensuheH je npenasak Ha BUCOKoedUKacHe AarbuH-
CKe CUCTeME KOjW KOpUCTe reoTepmMasHe noteHuumjane, y
OBOM C/lyyYajy TOMAOTHE Nymne y CMCTeMy BOAa-BOAa, Ca
BMCOKMM CTeneHom nckopuwhersa cnctema.

Mepe yHanpehera crctema nprinpeme Tonne Boge

AHann3om y30pKa, yTBpheHo je aa ce Kopg Befmkor
6poja 3rpafa npunpema Tonne BoAe W farbe 0baBiba
NOKANTHO, OHOCHO MyTEM MOjeAVNHAYHMX eNeKTPUYHMX,
aKyMynaumMoHmx v pehe npotouHux Gojnepa. Ca apyre
CTPaHe, Yy OAHOCY Ha MPEeTxXofHe nepuope, NMpUMeTaH
je nopacT 6poja 3rpafa KoA Koju ce mpunpema Tonne
BoAe 0baB/ba LEHTPANM30BaHO, y CadejcTBY Ca OCHOB-
HUM CucCTemMMMa rpejarba 3rpage. OBakeu ,yHanpeheHu
cmcTemn” MPUCYTHU Cy MOAJEAHAKO Kako KOA MOPOAWY-
HWX TaKO W KOA BULIENOPOAMYHMX 3rpafa. oTeHumjanHa
yHanpeherba c1cTeMa Npunpeme Tonne Bofe 1UckasaHa Cy
KO3 AiBa HMBO], a NPefJIoKeHe NHTepBeHLMje Cy ycknahe-
He Ca Mepama yHanpeherba crcTema rpejarba y 3rpaau.

Kol 3rpafia KOA Kojux ce mpwnpema Tonfe Bofe
06aBsba IOKANHO, MPBUM 1 APYTMM HUBOOM yHanpeherba
npeaevheHa je yrpagka HOBOI LEHTPasHOr CucTema
npvnpeme Tomn/e BOAE NOBE3aHOT Ca CUCTEMOM rpejarba.
Kog 3rpaga Koje, npema noctojehem cTarby, MMajy yrpahe-
HV LIeHTPanHy cucTeM nNpunpeme Tonse Boae, Npeano-
XeHe mMepe yHanpehersa nofgpasymeBajy MHTepBeHUWje
Ha noctojehem cucteMy MK yrpadky HOBOr—edunKac-
Hujer cuctemMa npwnpeme Tomje BOLe MOBE3aHOr Ca
MNAHUPAHKM CUCTEMMMA FPejarba.

YBop Introduction

The second level of improvement proposed installa-
tion of a new, most advanced equipment available on
the market, in this case ground to water heat pump,
with extremely high level of heating system efficiency
factor (n=4.5). In buildings connected to district heat-
ing systems (thermal power plants), proposed measures
are related primarily to improvements at the level of the
process of preparation and distribution of hot water. In
that regard, measures proposed within the first improve-
ment level relate to switching to district heating systems
with cogeneration of heat (CHP), through installation of
thermostatic valves and consumption-based billing. The
second improvement level envisages transfer to highly
efficient district heating systems which use geothermal
potential, in this case ground to water heat pumps, with
high heating system efficiency factor.

Improvement in the domestic hot water supply system

By analysing the sample, it has been concluded
that in the large number of buildings water heating is
still performed locally, i.e. using single electrical, storage
boilers and seldom instantaneous water heaters. On the
other hand, compared to previous periods, the number
of buildings with centralized water heating together with
the basic heating system is increasing. These ‘improved
systems' are equally present in family and multifami-
ly buildings. Potential improvements of water heating
are shown in two levels, and proposed interventions are
harmonized with improvement measures for heating
systems.

In buildings where water heating is performed local-
ly, the first and second improvement levels propose
installation of a new central system for water heating
whichis connected to a heating system. In buildings that
already have central systems for water heating installed,
proposed improvement measures envision interventions
on the existing system or installation of a new, more effi-
cient water heating system connected with envisaged
heating system.
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H1

CnobopgHocTojeha Kyha

E @60%
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Free-standing house

Kateropuja NOPOANYHO CTaHOBaHe Category family housing
foanHa n3rpagre 2015. Year of construction 2015

bpoj eTaxa Mp Number of floors Gf

Bpoj cTaHoBa 1 Number of apartments 1

MospwuHa (M?) HeTo rpejaHa  100-150 Area (m?) Net heated 100-150
3anpemuHa (m?) HeTo rpejaHa  250-400 Volume (m?) Net heated 250-400

CrambeHa 3rpaga 6naro pa3syheHe ocHoBe ca KOCUM
KPOBOM M3HaZ TaBaHCKOT MPOCTOpa. 3VA0BK Cy MaCUBHM
O[] NaKmx OETOHCKMX O10KOBA, COsba OONOXKEHW KOHTAKT-
HVM TEPMOM30MaLMOHIM GacaHUM CUCTEMOM Off CTUPO-
nopa (EMNC). Mpo3opw cy oa MBL| npoduna, ca Tepmonso-
NaUWMOHNM CTaKNOM W MAACTUYHKM CMOSbHUM "ecninHrep”
poneTHama. MehycnpaTHa KOHCTPYKUMja je NomyMOHTax-
Ha, Ca MCMyHOM of LWy nsbrx 610KoBa. 3rpaaa je 6e3 noapy-
ma. CBe noswumje TepMUYKOT OMOTaua Cy V30/10BaHe.

Family house with a slightly indented layout and a
pitched roof above attic. Construction is massive, with
walls built from light concrete blocks an external ther-
mal insulating contact systems applied, mostly with EPS
insulation. Windows are with PVC framing and thermal
insulating glazing, fitted with outer plastic “Esslinger”
roller shutters. Floor structure is semi-prefabricated, with
hollow clay block infill. There is no basement. All thermal
envelope elements are insulated.

CnunuHe 3rpane

Similar buildings

3rpafje cy npaBoyraoHe wau ©6naro pasyheHe
OCHOBe, Hajuewhe ca Kocvm Kposom. [logpym ce
KOPWCTM 3a CmeluTaj BO3mna. KOHCTpyKuMja je 3uaa-
Ha OMeKapCKUM, NakMM OETOHCKMM 6NOKOBUMA, MK
OonekoMm. TaBaHMUe Cy MOMYMOHTaKHe ca WCMYHOM.
KomnneTaH TepMmUUKM OMOTaY je 13010BaH. PacagHu
3140BW Cy OONOXKEHM TEPMOM30NaUMOHNM GacagHMM
cuctemmnma. Mposopu cy og MBL nnv anyMnmHmjyMCKImx
npoduna ca n3onaLnoHNM CTakInMa.

EHepreTcku paspep 3rpage — noctojehe crame

Q
94

(%]

H,nd rel

X - nepvoa >2013 H - period >2013

Buildings are with rectangular or slightly complex floor
plan, and mostly with pitched roof. Basement is used as
garage space. Construction is massive, with masonry type
walls, built from brick, hollow clay blocks or lightweight
concrete blocks. Floor structures are semi-prefabricated
with various types of infill. Complete thermal envelope is
insulated. External walls are cladded with contact thermal
insulating systems. Windows are with PVC or aluminum
framing and thermal insulating glazing.

Energy class of building - existing state

Qg KWh/(m?a)]
61

A+ g

B 4
<100
<150
<200

> 250
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HauproHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.

National Typology of Residential Buildings in Serbia Constructed since 2013

Cknonoswu Tepmuykor omotava Elements of the thermal envelope

Cnosballbbm 3ug,

External Wall

U (W/m?*K)

31p Ka HerpejaHom
npoCTopy

Partition wall
to unheated area

U (W/mK)

MNocTojehe cTare Present state

YHyTpa Inside
Cnorpa Outside

manTep 1 cm, rac 6eToHckm 610k 30 cm,
Tepmousonauuja 8 cm, mantep 0.5 cm

plaster 1 cm, light weight concrete
block 30 cm, thermal insulation 8 cm,
plaster 0.5cm

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

mantep 1 cm, rac 6eToHckm 6nok 30 cm,
Tepmousonauuja 8 cm, mantep 0.5 cm,
Tepmownsonauymja 8 cm, mantep 0.5 cm
plaster 1 cm, light weight concrete
block 30 cm, thermal insulation 8 cm,
plaster 0.5 cm, thermal insulation 8 cm,
plaster 0.5 cm

YHanpebhetbe 2 Improvement 2

YHyTpa Inside
Cnorba Outside

mantep 1 cm, rac 6eToHckm 60k 30 cm,
Tepmousonauuja 8 cm, mantep 0.5 cm,
Tepmowmsonauuja 12 cm, mantep 0.5 cm
plaster 1 cm, light weight concrete
block 30 cm, thermal insulation 8 cm,
plaster 0.5 cm, thermal insulation 12 cm,
plaster 0.5cm

0.19 0.14 0.12
[} [} (] [} [} i
© o © ° © o
= g 2 E = g
8 5 B 3 & 5
> 2 BN 2 > 2
= o = e = e
(@] (@] (@]

ManTep 1 cm, rac 6eToHckm 610K 25 cm, mantep 1. cm, rac 6eToHckm 610K 25 cm, HEMA N3MEHA
mMantep 1 cm Mantep 1 cm, Tepmomrzonauumja 5 cm, -
- mantep 1cm NO CHANGES
plaster 1 cm, light weight concrete -
block 25 cm, plaster 1 cm plaster 1 cm, light weight concrete

block 25 cm, plaster T cm, thermal

insulation 5 cm, plaster 1 cm
0.29 0.20 0.20

CknonoBu TepMmykor omotaya Elements of the thermal envelope

MebhycnpatHa
KOHCTPYKUWja ncnop
HerpejaHor npocTopa

Floor construction
below unheated area

U (W/m?K)

lNog Ha Ty

Ground floor

U (W/m?K)

lNocTtojehe cTare Present state

Cnosba Outside

YHyTpa Inside

YHanpebherbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside

X - nepvoa >2013 H - period >2013

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

Tepmouzonaumja 15 cm, HEMA M3MEHA Tepmonzonaumja 20 cm,

JIMT TaBanmua 20 cm, mantep 2 cm - JIMT TaBaHuua 20 cm, mantep 2 cm

- NO CHANGES -

thermal insulation 15 cm, LMT slab with thermal insulation 20 cm, LMT slab with
hollow clay block 20 cm, plaster 2 cm hollow clay block 20 cm, plaster 2 cm
0.20 0.20 0.15

YHyTpa Inside YHyTpa Inside YHyTpa Inside

Cnosba Outside

Kepamvyke nnoumue 0.8 cm, LemMeHTHa
Kowwysbua 4 cm, MBL donuja 0.02 cm,
TepmMou3onatvja 8 cm, GUTymeHcKa
xuapousonauuja 1 cm , 6etoH 10 cm,
wbyHak 10 cm

ceramic tiles 0.8 cm, cement screed 4 cm,
PVC foil 0.02 cm, thermal insulation 8 cm,
bitumenous hydroinsulation 1 cm,
reinforced concrete slab 10 cm, gravel 10 cm

0.26

Cnorsba Outside

HEMA M3MEHA

NO CHANGES

0.26

A P T

Cnosba Outside

Kepammyke nnovmuie 0.8 cm, LiemeHTHa
KoLwysbmLa 4 cm, MBL donuja 0.02 cm,
Tepmowmzonaumja 13 cm, GutymeHcKa
xuapousonauuja 1 cm, 6etoH 10 cm,
wbyHak 10.cm

ceramic tiles 0.8 cm, cement screed 4 cm,
PVC foil 0.02 cm, thermal insulation 13 cm,
bitumenous hydroinsulation 1 cm,
reinforced concrete slab 10 cm, gravel 10 cm

0.16
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HauproHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.

National Typology of Residential Buildings in Serbia Constructed since 2013

Cknonoswu Tepmuykor omotava Elements of the thermal envelope

[po3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m*K)

MNocTtojehe cTare Present state

[MBL ca TpOCn0jHMM M30AaLMOHMM
HUCKOEMUCUOHUM CTaK0-NaKeToM
NCNYHEHNUM VHEPTHUM racom

PVC, triple glazed low-E unit, inert gas filling

1.18

YHanpehetbe 1 Improvement 1

[MBLl ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMUCUOHMM CTaKNO-MaKeToM
NCNYHEHUM VHEPTHUM racom

PVC, triple glazed low-E unit, inert gas filling

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLMOHNM HCKOEMUCUOHUM CTaKo-
NaKeToM UCNyHeHNUM MHEPTHUM racom
Wood-aluminium, triple glazed low-E unit,
inert gas filling

0.80

[BL, Kpnno ca TepmMon3onaUrMoHoOMm
NCIyHOM

PVC, insulated leaf

113

MeTanHa, Kpro ca TepMoM30/1aLoHOM
CMyHOM

Metal, insulated leaf

1.10

MeTanHa, KpWso ca TepMoM30/auroHOM
UCryHOM

Metal, insulated leaf

0.80

Cuctemu rpejatba 1 npunpeme Tonne Boge Heating and hot water system

CwncTem 3arpeBarba
npocTopvja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

| oS —

LleHTpanHu cuctem rpejarba,
HUCKOTEMMEPATYPHU KOTAO Ha 3eMHW rac

Central heating system, low temperature
gas boiler

-l

-y

LleHTpanHwm cuctem rpejarba, TONnoOTHa
nymna Basayx-Boza

Central heating system, air to water heat
pump

3.00

LleHTpanHm cuctem rpejatrba, TONNOTHa
nymna 3emsba-Boga

Central heating system, ground to water
heat pump

4.50

X - nepvoa >2013 H - period >2013

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

Enektpununm 6ojnep LleHTpanHm cuctem npunpeve LleHTpanHu cuctem npunpeme
- ToMnne BOAE NoBe3aH Ca CUCTEMOM TOMNe BOfie NOBE3aH Ca CUCTEMOM
Electric boiler rpejarba rpejarba
Central supply with a domestic Central supply with a domestic
hot water - DHW cylinder in hot water - DHW cylinder in
combination with a heat generator combination with a heat generator

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

[lonatHo n3onoBarbe dacaHMx 31[0Ba U 3110BA Ka HErpejaHoM MpoCTOpYy KOHTaKTHOM TePMOWV30MaLMOHOM dacafomM. Yrpastba HOBUX
npo3opa o NBL| npodwna ca TpoCnojHNM 130MaLUMOHUM HUCKOEMVCMOHMM CTakfo-NnakeTom. ® Yrpafrba LieHTpanHor chcTema rpejarba Ha
6a3v TonnoTHe Nymne Basayx/Bofa. Yrpafrba LeHTPanHor cuctema npunpeme Toryle Boge NoBe3aHor Ca CUCTEMOM rpejatba.

Additional thermal insulation of external walls and internal walls towards unheated spaces with contact insulating systems. Installation of new
window elements, with PVC framing and triple glazed insulating low-emissivity glazing. @ Installation of central heating system with air to
water heat pump and central DHW supply system in combination with a heat generator.

[lonaTHo n3onosarbe GacafHyix 31a0Ba KOHTaKTHOM TEPMOM30NaLOHOM dacafioM. JOAATHO 130/10Babe XOPU3OHTaIHMX KOHCTPYKLMja 1cnog
HerpejaHor TaBaHa v nofa Ha Ty. Yrpaaka HOBMX MPo3opa ca Npoduimma y KobuHaLumjy ApBO anyMUHMjyM ca TPOCTOJHWM M30A1aLMOHIM
HUCKOEMVCMOHUM CTaKN0-MaKeTOM, CEPTUPMKOBAHVM KaO KOMMOHEHTE 3a NacvsHe kyhe. ® Yrpafdrba LeHTPanHor crcTema rpejarba Ha 6asu
TOMNOTHE Nymne 3eM/ba/BoAa. Yrpaatba LeHTPpasHOr cucTema npunpeme Torne BOAEe NOBEe3aHOr ca CUCTEMOM rpejarba.

Additional thermal insulation of external walls with contact insulating systems. Additional thermal insulation of horizontal floor constructions
below unheated attic and on ground. Installation of new window elements, with combined aluminum wood framing and triple glazed
insulating low-emissivity glazing,certified as components for houses built in passive house standard. ® Installation of central heating system
with ground to water heat pump and central DHW supply system in combination with a heat generator.



42
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YHanpehetbe TepMUUYKOT OMOTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *

MNocTtojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2
TonnoTHW ryéuum 30 30 30
enemMeHaTa TepMUUKor
OMOTaya 3rpage
B 25 25 25
Heat loss through the .
thermal envelope 20 20 20

15 II I 15 II I 15

Il u
10 I I I 10 I I I 10 I I
123 456 123 456 123 456

1 — cnosballhbu 31g, 2 — NPo30pw 1 6aNKoHCKa BpaTa, 3 — yNnasHa Bpata, 4 — 31[ Ka HerpejaHom nNpocTopy,
5 — mehycnpaTHa KOHCTPYKLWMja MCMOZ HerpejaHor NpocTopa, 6 — Nof Ha Ty

1 - external wall, 2 = windows and balcony doors, 3 — entrance door, 4 - partition wall to unheated area,

| 9(15%)'

5 - floor construction below unheated area, 6 — ground floor

CneymnduruHa roguirba
noTpebHa eHepruja 3a
rpejarse

Specific Heating Energy
demand per year
[kWh/m?%/ rogniwtbe] %

[(kWh/m?/ year] %
EHepreTcku pa3pes

Energy class

Erepruja notpebHa 3a

rpejarbe

Heating energy demand I I 1111 11 1 1 | et [ T
0 50 100% 0 50 100% 70 80 90 100%

[kWh/roguiitse]
[kWh/ year]

¥ npema lNpaBunHrKy o eHepreTckoj epukacHocTy 3rpaga (“Cn.rnacHuk PC’, 6p.61/2011)
* according to Ordinance on energy efficiency on buildings (“Cn.rnacHuk PC’, 6p.61/2011)

X - nepwon >2013 H - period >2013

YHanpehetbe TepMUMUKOr OMOTaua ca CCTEMOM Fpejarba — eHEPreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MocTtojehe cTame Present state YHanpehetbe T Improvement 1 YHanpebherse 2 Improvement 2

®uHanHa eHepryja

Final energy
| Y A R R B A I O O N | A A R A N A
0 50 100% 0 50 100% 0 50 100%

[kWh/roguiurse]

[kWh/ year]

EHepreHT

- lac EnekTpryHa eHepruja EnektpuyHa eHepruja

Fuel Gas Electricity Electricity

MNprMapHa eHeprija

Primary energy

3568 (39%)
[KWh]
535 (58%)
Emncmja CO,
CO, emission
[
(ka] 0 50 100% 0 50 100%

36vipHe ywTene
NPUMEHOM
rpaheBUHCKIX U
TePMOTEXHNUKIMX MEPa

Overall savings
after refurbishment
measures

73% 81%
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HauproHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

X3
H3

CrambeHa cnobogHocTtojeha 3rpaga

<50%

2+ A

Free-standing residential building

Kateropuja BMWENOPOAMNYHO CTaHOBarbe  Category multifamily housing
foanHa n3rpagre 2015. Year of construction 2015

bpoj eTaxa 4 (Mp+3) Number of floors 4 (Gf+3)

Bpoj cTaHoBa 10-15 Number of apartments 10-15

MospwuHa (M?) HeTo rpejaHa  500-800 Area (m?) Net heated 500-800
3anpemuHa (m?) HeTo rpejaHa 1300-2200 Volume (m?) Net heated 1300-2200

44

CrambeHa 3rpafia KOMMNaKTHe MpaBoyraoHe OCHOBe, Ca
MANTKMM KOCUM KPOBOM. 31A0BM Cy MAaCVBHW, 3ULaHN rUTep
6110KOM M OETOHCKM, CNOSba OBNOXEHN KOHTAKTHVM TEPMO-
M30nauUMoHnM GacaHUM cuctemom of ctrporopa (EMQ).
Mpo3opwn cy on MBL npodwmna, ca TepMOU30NaLMOHMIM
CTaK/OM U MAACTUYHUM CMOSbHUM "eCivHrep” poneTHama.
MehycnpaTHa KOHCTPYKLMja je MONYMOHTaXHa, Ca MCMYHOM
of1 Wynsbix brokosa. 3rpaaa je 6e3 nogpyma. Mprzemrbe
3rpaje je HamerbeHoO CTaHOBakbY 1 MOMONHKM NMPOCTOPWja-
ma. CBe No3wLmje TEPMUUKOT OMOTaua Cy M3010BaHe.

Residential building with a compact rectangular floor
plan, and shallow pitched roof. Construction is massive,
with concrete or masonry walls, built with hollow clay
block. External walls are cladded with thermal insulat-
ing contact system with EPS insulation. Windows are with
PVC framing and thermal insulating glazing, fitted with
outer plastic“Esslinger”type roller shutters. Floor structure
is semi-prefabricated, with hollow clay block infill. There is
no basement. Ground floor consists residential and tech-
nical units. All thermal envelope elements are insulated.

Similar buildings

3rpage cy 6naro pasyheHe ocHOBe, Ca pPaBHWM
NI KOCUM KPOBOM V3HaA MOTKpOBSba. [lpusembe je
Ca [enaTHOCTVMMa, a MOAPYM HaMerbeH MNapKuparby.
KOHCTPYKUMja je 3vaaHa UM apMnmpaHo 6eToHcKa. Taa-
HULE Cy NONYMOHTaXHe Ca MCMYHOM Uiv apMupaHode-
TOHCKe. Lleo Tepmumukn omoTau je n3onosaH. Gacana je
0bnoXKeHa TePMOM30MALMOHUM CUCTEMIUMA, Ca AEKOPa-
TvBHOM obnorom. [po3opn cy MNBL nnan anymmnHmjymckm
Ca 30naLMOHNM CTaKNMMa.

EHepreTcku pa3pep 3rpage - noctojehe crarme
Q %]
73

H,nd rel [

X - nepvoa >2013 H - period >2013

Buildings of this type are of slightly complex floor plan,
with flat roof or pitched roof above attic. Groundfloor has
different uses, while basement is used as garage space.
Construction is built in massive masonry system, or rein-
forced skeleton with massive wall infill. Floor structures are
semi prefabricated with various types of infill or reinforced
concrete slabs. Complete thermal envelope is insulated.
External walls are insulated with contact insulating systems,
with decorative plaster layer finishing. Windows are with
PVC or aluminum framing and thermal insulating glazing.

Energy class of building - existing state
Qg KWh/(m?a)]

44

<100

<150

<200

> 250

e
O
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HauroHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx og 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

Cknonoswu TepMmuykor omotava Elements of the thermal envelope

Cnosballksn 3ug

External wall

U (W/m?*K)

31A Ka HerpejaHom
cTeneHnwTy

Partition wall
to unheated staircase

U (W/m?K)
MehycnpaTHa
KOHCTPYKLIWja 13Hag
OTBOPEHOr npocTopa 1

Floor construction
to outside area 1

U (W/m?*K)

MNocTtojehe cTare Present state

YHyTpa Inside
Cnoma Outside

mMantep 2 cm, Wwynssy 6nok 25 cm,
Tepmomsonauuja 12 cm, mantep 0.5 cm
plaster 2 cm, clay block wall 25 cm,
thermal insulation 12 cm, plaster 2 cm

o
)
3]

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnorba Outside

mantep 2 cm, Wwynsbu 6nok 25 cm,
Tepmowmsonaumja 12 cm, mantep 0.5 cm,
Tepmousonauuja 8 cm, mantep 0.5 cm

plaster 2 cm, clay block wall 25 cm,
thermal insulation 12 cm, plaster 2 cm,
thermal insulation 8 cm, plaster 0.5 cm

0.18

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnorpa Outside

mantep 2 cm, Wwynsbu 6nok 25 cm,
Tepmownsonauymja 12 cm, mantep 0.5 cm,
Tepmousonauuja 12 cm, mantep 0.5 cm

plaster 2 cm, clay block wall 25 cm,
thermal insulation 12 cm, plaster 2 cm,
thermal insulation 12 cm, plaster 0.5 cm

0.15

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, 6eToH 20 cm,
Tepmousonauuja 8 cm, mantep 0.5 cm

plaster 2 cm, reinforced concrete wall 20 cm,
thermal insulation 8 cm, plaster 0.5 cm

0.36

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.36

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.36

YHyTpa Inside

Cnosba Outside

nammnHat 0.8 cm, LemeHTHa KoLwysbuLa 4 cm,
IBL donwja 0.02 cm, Tepmom3sonaupja 2 cm,
JIMT taBanHwua 20 cm, Tepmomsonaumja 20 cm,
mantep 0.5 cm

laminate flooring 0.8 cm,

cement screed 4 cm, PVC foil 0.02 cm,
thermal (sound) insulation 2 cm, LMT slab
with hollow clay block 20 cm,

thermal insulation 20 cm, plaster 0.5 cm

0.16

YHyTpa Inside

Cnosba Outside

nammHar 0.8 cm, LemeHTHa Kolysbuia 4 cm,
IMBL| donmja 0.02 cm, Tepmowzonalmja 2 cm,
JIMT taBanuua 20 cm,

Tepmonsonauuja 20 cm, mantep 0.5 cm,
Tepmowmsonaymja 8 cm, mantep 0.5 cm
laminate flooring 0.8cm, cement screed 4cm,
PVC foil 0.02 cm, thermal (sound) insulation
2cm, LMT slab with hollow clay block 20 cm,
thermal insulation 20 cm, plaster 0.5 cm,
thermal insulation 8 cm, plaster 0.5 cm

0.12

YHyTpa Inside

Cnosba Outside

nammHar 0.8 cm, LemeHTHa KoLlysbuia 4 cm,
IMBL| donmja 0.02 cm, Tepmowmzonaumja 2 cm,
JIMT TaBaHuua 20 cm, Tepmowsonatmja 20cm,
mantep 0.5 cm, Tepmonsonaumja 12 cm,
mantep 0.5 cm

laminate flooring 0.8cm, cement screed 4 cm,
PVC foil 0.02 cm, thermal (sound) insulation
2 cm, LMT slab with hollow clay block 20cm,
thermal insulation 20 cm, plaster 0.5 cm,
thermal insulation 12 ¢cm, plaster 0.5 cm

0.11

Cknonou TepMmykor omotava Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUMja 13Hag
OTBOPEHOTr NPOCTOpa 2

Floor construction
to outside area 2

U (W/m?K)

MehycnpaTHa
KOHCTPYKUWja ncnoa
HerpejaHor NpocTopa

Floor construction
below unheated area

U (W/m?K)
lNoa Ha Ty

Ground floor

U (W/m?K)

lNocTtojehe cTare Present state

YHyTpa Inside

Cnorba Outside

nammHat 0.8 cm, LeMeHTHa KoLysbula 4 cm,
MBL| donmja 0.02 cm, Tepmownzonaumja 2 cm,
JIMT TaBaHwuua 20 cm, Tepmowrsonaumja 16 cm,
mantep 0.5 cm

laminate flooring 0.8cm, cement screed 4cm,
PVC foil 0.02 cm, thermal (sound) insulation

2 cm, LMT slab with hollow clay block 20 cm,
thermal insulation 16 cm, plaster 0.5 cm

0.19

Cnosba Outside

YHyTpa Inside

MBL| donmja 0.02 cm, Tepmowzonaumja 20 cm,
JIMT TaBaHmua 20 cm, mantep 2 cm

PVC foil 0.02 cm, thermal insulation 20 cm,
LMT slab with hollow clay block 20 cm,
plaster 2cm

0.15

YHyTpa Inside

Cnosba Outside

Kepamuuke nnounte 0.8 cm, LemeHTHa
Kowysbuua 4 cm, MBL dponwja 0.02 cm,
Tepmomsonayuja 10 cm, butymeHcka
xuapomsonauuja 1 cm, 6eToH 10 cm,
wrbyHak 10 cm

ceramic tiles 0.8 cm, cement screed 4 cm,
PVC foil 0.02 cm, thermal insulation 10 cm,
bitumenous hydroinsulation 1 cm, reinforced
concrete slab 10 cm, gravel 10 cm

0.29

YHanpebherbe 1 Improvement 1

YHyTpa Inside

Cnosba Outside

nammHat 0.8 cm, LemeHTHa Kolwysbua 4

cm, MBL| donmja 0.02 cm, Tepmowzonaumja2
cm, JIMT taBaHumua 20 cm, Tepmounsonauyja
16cm, mantep 0.5 cm, Tepmowzonaumja 8 cm,
mantep 0.5 cm

laminate flooring 0.8 cm, cement screed 4cm,
PVC foil 0.02 cm, thermal (sound) insulation
2 cm, LMT slab with hollow clay block 20cm,
thermal insulation 16 cm, plaster 0.5 cm,
thermal insulation 8 cm, plaster 0.5 cm

0.14

Cnosba Outside

YHyTpa Inside

MBL| donmja 0.02 cm, Tepmowzonaumja 28 cm,
JIMT TaBarmua 20 cm, manTtep 2 cm

PVC foil 0.02 cm, thermal insulation 28 cm,
LMT slab with hollow clay block 20 cm,
plaster 2.cm

0.11

YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

0.29

X - nepwon >2013 H - period >2013

YHanpebhetbe 2 Improvement 2

YHyTpa Inside

Cnorsba Outside

namuHaT 0.8 cm, LieMeHTHa Kowwyrbiua 4 cm,
MBL| dponmja 0.02 cm, Tepmowmzonaumja2cm,
JIMT TaBaHuua 20 cm, Tepmov3sonaunja
16cm, mantep 0.5 cm, Tepmonsonaunja
12cm, mantep 0.5 cm

laminate flooring 0.8 cm, cement screed

4 cm, PVC foil 0.02 cm, thermal (sound)
insulation 2 cm, LMT slab with hollow clay
block 20 cm, thermal insulation 16 cm,
plaster 0.5 cm, thermal insulation 12 cm,
plaster 0.5cm

0.12

Cnorba Outside

YHyTpa Inside

IBL donwja 0.02 cm, Tepmom3onaumja 32cm,
JIMT TaBaHmua 20 cm, mantep 2 cm

PVC foil 0.02 cm, thermal insulation 32 cm,
LMT slab with hollow clay block 20 cm,
plaster 2 cm

0.10

YHyTpa Inside

Cnoma Outside
HEMA M3MEHA

NO CHANGES

0.29
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Cknonoswu Tepmuykor omotava Elements of the thermal envelope

[po3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m*K)

MNocTojehe cTare Present state

[MBL ca ABOCNOjHMM 130NaLMOHNUM CTaKNo-
NaKeToMm, NMy+bEeHVM racom

PVC, double glazed unit with gas filling

1.30

YHanpehetbe 1 Improvement 1

[MBL| ca TPOCNOJHMM HUCKOEMUCHMOHNM
TEPMOU30MaALMOHNM CTaKIIOM UCMYHEHUM
MNHEPTHWM racoM-MakeTom

PVC, triple glazed low-E unit, inert gas filling

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLMOHNM HACKOEMUCUOHUM CTaKNo-
NaKeToM UCNyHeHNUM MHEPTHUM racom
Wood-aluminium, triple glazed low-E unit,
inert gas filling

0.80

MeTanHa, KpWio ca TepMoM30/1aLroOHOM
NCryHOM

Metal, insulated leaf

1.50

MeTanHa, KpWo ca TepMOM30/1aLMOHOM
CIyHOM

Metal, insulated leaf

1.10

MeTanHa, Kprso ca TepMoM30/auroHOM
NCryHOM

Metal, insulated leaf

0.80

Cuctemm rpejatba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH vckopuwhersa
cucTema rpejarba
Heating system
efficiency factor

| oS —

LleHTpanHu cuctem rpejarba,
HUCKOTEMMEPATYPHU KOTAO Ha 3eMHW rac

Central heating system, low temperature
gas boiler

-l

-y

ETaxHu crcTem rpejarba, TONNOTHa Nymna
Basgyx-Boda

Central heating system per each floor, air to
water heat pump

3.00

LleHTpanHm cuctem rpejarba, TONNOTHa
nymna 3emsba-Boga

Central heating system, ground to water
heat pump

4.50

X - nepuopa >2013 H - period >2013

Cuctemu rpejatba v Npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Bofe

Hot water system

lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

LleHTpanHu cuctem npunpeme LleHTpanHm cuctem npunpemve LleHTpanHw cuctem npunpeme
TOMNe BOfie MOBE3aH Ca CUCTEMOM ToMne BOAE NOBe3aH Ca CUCTEMOM TOMNe BOfie MNOBE3aH Ca CUCTEMOM
rpejarba rpejarba rpejarba

Central supply with a domestic Central supply with a domestic
hot water - DHW cylinder in hot water - DHW cylinder in
combination with a heat generator combination with a heat generator

Central supply with a domestic
hot water - DHW cylinder in
combination with a heat generator

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

[lonatHo n3onoBare dacaHnx 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM dacafom. [oAaTHO M30N0BaHe XOPU3OHTaNIHNX KOHCTPYKLMja
MCNOA HerpejaHoOr TaBaHa M W3Haj OTBOPEHOr MPOoCTopa. Yrpaara HoBux npo3opa oA [BLl npoduna ca TPOCNojHUM M30MaLMOHMM
HUCKOEMMCMOHUM CTakno-nakeToMm. ®  Yrpafa eTaxHor cuctema rpejarba Ha 6asn TonnoTHe nymne Basdyx/Bofa. Yrpafrba LieHTpanHor
cvicTeMa Npunpeme Tonne BoAe NoBe3aHor Ca CUCTEMOM rpejarba.

Additional thermal insulation of external walls with contact insulating systems. Additional thermal insulation of horizontal floor constructions
below unheated attic and above outside area. Installation of new window elements, with PVC framing and triple glazed insulating low-
emissivity glazing. @ Installation of central heating system per floor with air to water heat pump and central DHW supply system in
combination with a heat generator.

[lonatHo n3onosarbe pacafHyix 31a0Ba KOHTaKTHOM TEPMOM30aLOHOM dacafioM. JOAATHO 130/10Babe XOPU3OHTaIHMX KOHCTPYKLMja 1cnog
HerpejaHor TaBaHa v U3Ha/ OTBOPEHOT NPOCTOPa. Yrpadta HOBKX NPO30pa ca NPoduArMa y KobrHaumju ApBO anyMyHIjym ca TPOCIOjHIM
130M1aLMOHNUM HUCKOEMMCUOHMM CTak/O-NakeToM, CEPTUGMKOBAHIM KaO KOMMOHEHTE 3a nacvsHe Kyhe. ® Yrpaprba LieHTpanHor crctema
rpejarba Ha 6a3u TONNOTHe Nymne 3eMiba/Boga. Yrpafrba LeHTPaNHOr crcTema npunpeme Tomnse Boje NOBe3aHor Ca CUCTEMOM rpejarba.
Additional thermal insulation of external walls with contact insulating systems. Additional thermal insulation of horizontal floor constructions
below unheated attic and on ground. Installation of new window elements, with combined aluminum wood framing and triple glazed
insulating low-emissivity glazing, certified as components for houses built in passive house standard. ® Installation of central heating
system with ground to water heat pump and central DHW supply system in combination with a heat generator.
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HauroHanHa Tvnonoruja ctambernx 3rpana Cpbwje rpaherunx on 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

YHanpehetbe TepMUUYKOT OMOTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *
MNocTtojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2

TonnoTHW rybuum 200
efnemeHata TepMUUKor
oMmoTaya 3rpage
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1 — cnosballkby 3uf, 2 — NPO30pK 1 GaNKOHCKa BpaTa, 3 — CNosballkba BPaTa, 4 — 31 Ka HerpejaHom CTeneHuLUTy,
5 — mehycnpaTHa KOHCTPYKLWMja 13HaZ OTBOPEHOT MPOCTOpa, 6 — MehycnpaTtHa KOHCTPYKUMja CNOA HerpejaHor NpocTopa, 7 — NOA Ha Ty

1 - external wall, 2 - windows and balcony doors, 3 — entrance door, 4 - partition wall to unheated staircase,
5 - floor construction to outside area, 6 — floor construction below unheated area, 7 - ground floor

CneymnduruHa roguirba

noTpebHa eHepruja 3a

rpejarse

_ 15 (34%) 20 (45%)
Specific Heating Energy

demand per year

[kWh/m?%/ rogniwtbe] %

[(kWh/m?/ year] %
Heating energy demand I 11111 1 1 1 11 e e e e

EHepreTcku pa3pes
0 50 100% 0 50 100% 0 50 100%

Energy class

Erepruja notpebHa 3a
rpejarbe

[kWh/roguiitse]
[kWh/ year]

¥ npema lNpaBunHrKy o eHepreTckoj epukacHocTy 3rpaga (“Cn.rnacHuk PC’, 6p.61/2011)
* according to Ordinance on energy efficiency on buildings (“Cn.rnacHuk PC’, 6p.61/2011)

X - nepwon >2013 H - period >2013

YHanpehetbe TepMUMUKOr OMOTaua ca CCTEMOM Fpejarba — eHEPreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MocTtojehe cTame Present state YHanpehetbe T Improvement 1 YHanpebhere 2 Improvement 2

®uHanHa eHepryja

Final energy
[ ww ][] B
| Y A R R B A | Y A R R B A [ I e N
0 50 100% O 50 100% 0 50 100%
[kWh/roguiurse]
[kWh/ year]
EHepreHT
- lac EnekTpryHa eHepruja EnektpuyHa eHepruja
Fuel Gas Electricity Electricity

MNprMapHa eHeprija

Primary energy

[KWh]

24066 (57%) 30987 (74%)

Emncmja CO,

CO, emission

[kal

36vipHe ywTene
NPUMEHOM
rpaheBUHCKIX U
TePMOTEXHNUKIMX MEPa

Overall savings
after refurbishment
measures

81% 88%




HauproHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

CrambeHa 3rpaga Tvna namena

oooo
0000 §sso%
oooo

2+ A

Residential building — lamela

Kateropuja BMWENOPOAMNYHO CTaHOBarbe  Category multifamily housing
foanHa n3rpagre 2016. Year of construction 2016

bpoj eTaxa 8 (Mo+Mp+6+T1c) Number of floors 8 (B+Gf+6+L)

Bpoj cTaHoBa 30-45 Number of apartments 30-45

MospuwuHa (M?) HeTo rpejaHa  2500-3500 Area (m?) Net heated 2500-3500
3anpemuHa (m?) HeTo rpejaHa 6500-9000 Volume (m?) Net heated 6500-9000

CrambeHa 3rpaga KOMMaKTHE MpaBoyraoHe OCHO-
Be, Ca PaBHVIM KPOBOM. KOHCTPYKLWja je CKeneTHa apMm-
paHO-0ETOHCKa, Ca MUCMyHama Of ONeKapCKMx H6rIoKoBa,
nnn GetoHa. Macapa je 0bnoxeHa KOHTaKTHUM TepMo-
N30M1aUVOHVM CMCTEMOM Of} KaMeHe BYHe, Ca MeCTUMMY-
HUM obnorama Of TBPAOMPECOBaHMX nouva. lNpo3op-
CKV Mpodunn cy y KOMOMHaLUWj OPBO-anyMUHUjyM, Ca
[BOC/IOJHAM  TEPMOM30MALUMOHNM  CTaK/IOM W CMOJb-
HUM "ecnuHrep” poneTHama. MebhycnpaTHa KOHCTPyK-
Uuja je apMmnpaHobeToHCKa. 3rpasa je ca noapyMOM Koju
Ce KOPWUCTW 3a rapaxuparse. [pusembe je HamerbeHO
CTaHOBakby ¥ KOMEPLMjanHUm aenatHocTma. Cee nosn-
Lyje TEPMMYKOT OMOTaua Cy 130M10BaHe.

Residential building with a compact rectangular
floor plan, and a flat roof. Construction is concrete skele-
ton, with massive infill walls, built with hollow clay block
or concrete. External walls are cladded with thermal insu-
lating contact system, insulated with mineral wool and
partial hard pressed insulating elements. Window frames
are with combined aluminum wood framing, double
insulating glazing units and outer “Esslinger” type roll-
er shutters. Floor structure is reinforced concrete slab.
Basement is used as garage space. Ground floor consists
residential and commercial units. All thermal envelope
elements are insulated.

CnunuHe 3rpane

Similar buildings

3rpage cy pasyheHe ocHoBe, Hajuelwhe ca paBHUM
NI TEXHNYKIM KOCUM KPOBOM. [pr3emsbe je ca penat-
HOCTMMa, @ MOAPYM HaMerbeH MNapKuparby. KOHCTPyK-
uMja je apMMpaHo GEeTOHCKa ca MCIyHOM. TaBaHuue cy
MONYMOHTaXHe Ca WMCMYHOM WAM apMUPaHOOETOHCKe.
Lleo Tepmuykn omoTau je m3onosaH. Macada je obno-
KEHa TepMOM30MaLMOHNM CUCTEMMMA, Ca LEKOpaTMB-
Hom obnorom. Mpo3sopw cy MBLL nnn anymmnHmjymckm ca
130MaLMOHMM CTaKNMMa.

EHepreTcku pa3pep 3rpage - noctojehe crarme

X - nepvoa >2013 H - period >2013

Buildings of this type usually have a complex floor
plan, and a flat or shallow “technical” pitched roof. Ground
floor has different uses, while basement is used as garage
space. Construction is built in reinforced skeleton system
with massive wallinfill. Floor constructions are semi prefab-
ricated with various types of infill or reinforced concrete
slabs. Complete thermal envelope is insulated. External
walls are insulated with contact insulating systems, with
decorative plaster layer finishing. Windows are with PVC
or aluminum framing and thermal insulating glazing.

Energy class of building - existing state

Qe (% Q,,, [kWh/(m?a)]
58 35
<15
<25
B <50
<150
<200
<250
> 250




HauroHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx og 2013. X - nepwon >2013 H - period >2013
National Typology of Residential Buildings in Serbia Constructed since 2013

Cknonoswu TepMmuykor omotava Elements of the thermal envelope Cknonou TepMmykor omotava Elements of the thermal envelope

MNocTojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpebhetbe 2 Improvement 2

Cnosballtbu 31 1 3 [ 3 ] HE ] ] 3 PaBaH KpoB Cnosba Outside Cnosba Outside Cnorsba Outside
- 2 5 E| - g _
© O © O © o
External wall 1 e 3 e E : 3 e 3 Flat roof
z g I mm °o = 2
(@) (@] (@]
manTep 2 cm, wynsbi 6ok 19 cm, ME donmja  mantep 2 cm, wynsbr 610k 19 cm, ME ponmja  ManTep 2 cm, wynssm 6nok 19 cm, ME donuja
0.02cm, Tepmowsonatja 12 cm, Mantep 3cm  0.02 cm, TepMovzonaLyja 12 cm, Matep 3 cm,  0.02 cm, TepMowzonaLmja 12 cm, mantep 3cm, YHyTpa Inside YHyTpa Inside YHyTpa Inside
plaster 2cm, day block wall 19 cm, PE foil TepMOM30ﬂaqua 8cm, Manrtep 3cm TepMOM30ﬂaqua 12cm, mantep 3cm X1OPOM30NALMOHN Npemas 0.8cm, nepnut HEMA /I3MEHA Kepammuke nnounte 1.25¢cm,
0.02cm, thermal insulation 12 cm, plaster 3cm  plaster 2 cm, clay block wall 19 ¢cm, PE foil plaster 2 cm, clay block wall 19 cm, PE foil ManTep 4cm, Tepmon3onaLyja 22cm, NO CHANGES xuppovsonaumja 1 cm, LieMeHTHa
0.02 cm, thermal insulation 12 cm, plaster 0.02cm, thermal insulation 12 cm, plaster 3cm, xuapovizonaumja Tcm, 6eToH 18 cm, Mantep Kolysbuua 4 cm, Tepmomsonaluja 34 cm,
3cm, thermal insulation 8 cm, plaster 3 cm thermal insulation 12 cm, plaster 3 cm 3cm MNE dponvja 0.02 cm, 6eToH 20 cm, ManTep
U (W/m?K) 024 0.15 0.13 waterproofing coating 0.8 cm, perlite 25cm
- - ° o o ) o plaster 4cm, thermal insulation 22 cm, ceramic tiles 1.25 cm, hydroinsulating
Cnosbautby 3up 2 2 3 p>) 2 2 2 pe! hydroinsulating layer 1 cm, reinforced layer 1 cm, cement screed 4 cm, thermal
- r—cc e g r—i g r_i g concrete slab 18 cm, plaster 3 cm insulation 34 cm, PE foil 0.02 cm, reinforced
External wall 2 £ - 3 £ 3 £ 3 concrete slab 18 cm, plaster 3 cm
= 2 E = g = 8 U (W/m?K) 0.14 0.14 0.10
ManTep 2 cm, 6etoH 20 cm, ME donmja 0.02 cm,  manTep 2 cm, 6eToH 20 cm, MNE donuja mantep 2 cm, 6eToH 20 cm, MNE donuja MebycnpaTHa YhyTpa Insice YhyTpa Inside YhyTpa Inside
Tepmowsonauuja 12 cm, mantep 3 cm 0.02cm, Tepmousonauuja 12 cm, mantep 0.02cm, Tepmousonaumja 12 cm, Mantep 3cm, KOHCTPYKLUW]a N3HaA :
plaster 2 cm, reinforced concrete wall 20 cm,  3cm, Tepmousonaumja 8 cm, mantep 3 cm Tepmovisonayvja 12 cm, Mantep 3 cm OTBOPEHOr MPOCTOpa
PE foil 0.02 cm, thermal insulation 12 cm, plaster 2 cm, reinforced concrete wall 20cm, PE  plaster 2 cm, reinforced concrete wall 20cm, PE
plaster 3cm foil 0.02 cm, thermal insulation 12 cm, plaster  foil 0.02 cm, thermal insulation 12 cm, plaster -
3cm, thermal insulation 8 cm, plaster 3 cm 3cm, thermal insulation 12 cm, plaster 3cm Floor construction _ _ .
W/mK) 026 016 013 to outside area Cnosba Outside Cnosba Outside Cnorsba Outside
U (W/m : : : napKeT 2.2 CM, UEMEHTHa Kolysbiua 4.5 cm,  napkeT 2.2 cm, LeMEHTHa Kolysbrlia 4.5 cm,  MapkeT 2.2 cm, LEMEHTHa Kowysbilia 4.5cm,
31/1,)1 Ha gunata LLl/ljl/I ﬁ < ﬁ % 8 % ﬁ ME donwja 0.02 cm, Tepmouzonaymja 3 cm, ME donwja 0.02 cm, Tepmousonaymja 3 cm, ME donmja 0.02 cm, Tepmowzonaumja 3cm,
_ e % & § & g 6eToH 18 cm, Tepmom3sonaunja 16 cm, mantep  6eToH 18 cm, Tepmomsonaumja 16 cm, mantep  6eToH 18 cm, Tepmousonauuja 16cm, mantep
) ) s o © s © = © 3cm 3 cm, TepmovizonaLivja 8 cm, Mantep 3 cm 3 cm, TepMowizonauuja 12 cm, Mantep 3 cm
Dilatation wall % § % g % g parquet 2.2 cm, cement screed 4.5 cm, PE parquet 2.2 cm, cement screed 4.5 cm, PE parquet 2.2 cm, cement screed 4.5 cm, PE
> 5 > 5 > 5 foil 0.02 cm, thermal (sound) insulation 3cm,  foil 0.02 cm, thermal (sound) insulation 3 foil 0.02 cm, thermal (sound) insulation 3cm,
reinforced concrete slab 18 cm, thermal cm, reinforced concrete slab 18 cm, thermal  reinforced concrete slab 18 cm, thermal
mantep 2 cm, 6.ETOH 20cm, HEMA ISMEHA HEMA VISMEHA insulation 16 cm, plaster 3 cm insulation 16 cm, plaster 3 cm, thermal insulation 16 cm, plaster 3 cm, thermal
Tepmonsonaunja 10cm NO CHANGES NO CHANGES insulation 8 cm, plaster 3 cm insulation 12 cm, plaster 3 cm
plaster 2 cm, reinforced concrete wall 20 cm,
thermal insulation 10 cm U (W/m?K) 025 0.16 013
U (W/mZK) 031 031 031 MebycnpaTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside
CTeneHuLTy £ E = E £ 3 HErPejaHor NPoCTopa e e R
_ e © o © o © - .
o $ 5 $ 5 T 5 i
Partition wall = e = e = e Floor construction above _ _ _
v v v Cnosba Outside Cnosba Outside Cnosba Outside
to unheated staircase ., unheated area
pMO ManTtep 2 cm, wynsbr 6nok 19 cm, ME HEMA VI3MEHA HEMA M3MEHA NapKeT 2.2 CM, LeMeHTHa Kowysbria 4.5 cm,  napkeT 2.2 cm, UeMeHTHa Kowysbnua 4.5 cm,  NapkeT 2.2 Cm, LemMeHTHa Kowysbumua 4.5 cm,
donwuja 0.02 cm, Tepmomnsonaumja 8 cm, NO CHANGES NO CHANGES ME donwja 0.02 cm, Tepmouzonaumja 3 cm, ME donwja 0.02 cm, Tepmouzonaumja 3 cm, IE donmja 0.02 cm, Tepmowzonaumja 3 cm,
ManTep 3 cm 6eToH 18 cm, Tepmomsonaynja 10 cm, mantep  6eToH 18 cm, Tepmomsonaumja 10 cm, mantep  6eToH 18 cm, Tepmomsonauuja 10 cm, Mantep
thermal insulating plaster 2 cm, clay block, 3cm 3 cm, Tepmom3onauuja 8 cm, Mantep 3 cm 3 cm, Tepmowsonauwja 12 cm, mantep 3 cm
wall 19 cm, PE foil 0.02 cm, thermal insulation parquet 2.2 cm, cement screed 4.5 cm, PE parquet 2.2 cm, cement screed 4.5 cm, PE parquet 2.2 cm, cement screed 4.5 cm, PE
8.cm, plaster 3cm foil 0.02 cm, thermal (sound) insulation 3cm,  foil 0.02 cm, thermal (sound) insulation 3cm,  foil 0.02 cm, thermal (sound) insulation
U (W/m?2K) 032 032 032 reinforced concrete slab 18 cm, thermal reinforced concrete slab 18 cm, thermal 3cm, reinforced concrete slab 18 cm,
insulation 10 cm, plaster 3 cm insulation 10 cm, plaster 3 cm, thermal thermal insulation 10 cm, plaster 3 cm,
insulation 8 cm, plaster 3 cm thermal insulation 12 cm, plaster 3 cm

U (W/m?K) 0.23 0.15 0.13




HauyroHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpahernx on 2013.

National Typology of Residential Buildings in Serbia Constructed since 2013

Cknonoswu Tepmuykor omotava Elements of the thermal envelope

[po3op

Window

U (W/m?K)

YnasHa Bpara

Entrance door

U (W/m?K)

MNocTojehe cTare Present state

[1pBO-anyMuHWjym ca ABOCIOHMM
M30M1aLMOHNM CTaKNOMNAKETOM, NMyHEeHVIM
racom

Wood-aluminium, double glazed unit with
gas infill

1.26

YHanpehetbe 1 Improvement 1

[1pBO-anyMuHWjyM Ca TPOCNOjHUM
HUCKOEMUCUOHNM TEPMOU30MALIMOHIM
CTaK/OM VCMYHEHUM UHEPTHVM racom-
naKkeTom

Wood-aluminium, triple glazed low-E unit,
inert gas filling

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLMOHNM HACKOEMUCUOHUM CTaKNo-
NaKeToM UCNyHeHNUM MHEPTHUM racom
Wood-aluminium, triple glazed low-E unit,
inert gas filling

0.80

MeTanHa, KpWno Ca TepMOM30/aLIMIOHOM
UCryHOM

Metal, insulated leaf

1.27

MeTanHa, Kprno ca TepMoV30naLyIoHOM
VCryHOM

Metal, insulated leaf

1.10

MeTanHa, Kpuno ca TepMoM30aLVIoHOM
1cryHoM

Metal, insulated leaf

0.80

Cuctemu rpejarba v nprnpeme Torse Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba

Heating system
efficiency factor

56
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[larbrHCKO Ha GocKHa ropusa.
TepmoCTaTCKM BEHTUAW. Hannata npema
MOTPOLHL.

District heating system (fossil fuel).
Thermostatic valves. Consumption based
billing.

[larHCKO rpejarbe ca KoreHepawjom.
TepmocTatckmn BeHTUAW. Hannata npema
NOTPOLLHU.

District heating system with combined heat

and power generation (CHP). Thermostatic
valves. Consumption based billing.

1.20

JlarbMHCKO rpejatbe ca TOMI0THOM MyMom
BO/ia - BOAA. TepPMOCTATCKM BEHTUNN.
Hannata npema noTpow K.

District heating system with water to
water heat pump. Thermostatic valves.
Consumption based billing.

4.00

X - nepuopa >2013 H - period >2013

Cuctemu rpejatba v Npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Bofe

Hot water system

lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1

=i

LleHTpanHu cuctem nprnpeme LleHTpanHu cuctem nprnpeme LleHTpanHu cuctem nprnpemve
Tonsne Bofe NoBe3aH ca CUCTeMOM TOMNe BOAe NoBe3saH ca CUCTemMoM Tonne Bofe NoBe3aH ca CUCTeMOM
rpejarba rpejarba rpejarba

YHanpehetbe 2 Improvement 2

Central supply with a domestic hot Central supply with a domestic hot Central supply with a domestic hot
water connected to the heating water connected to the heating water connected to the heating
system system system

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpehetbe 2

Improvement 2

[onatHo n3onoBsarbe dacafHmx 31[0Ba KOHTAKTHOM TEPMOM301aLIMOHOM dacaiom. [JoAaTHO 1300BaHE XOPU3OHTAHMX KOHCTPYKLMja M3HAA
HerpejaHor noapyma 1 OTBOPEHOT NPOCTOPA, KAao 1 UCMOZ HerpejaHor NpocTopa. Yrpazrba HOBMX NPo30pa ca Npodunmnma y KobuHaumju
[IPBO anyMUHWjyM, Ca TPOCOJHAM W30MaLUMOHMM HUCKOEMWCUOHMM CTakno-naketom. ®  [loBesnBarbe Ha [asbUHCKM CUCTEM rpejatba
Ca KoreHepauunjom. TepMOCTATCKM BEHTWM, Hannata no noTpoLWK. Yrpasrba LeHTPanHor cucTeMa npunpeme Tomnse Bofe noBe3aHor ca
CHCTEMOM rpejarba.

Additional thermal insulation of external walls with contact insulating systems. Additional thermal insulation of horizontal floor constructions
above unheated basement and above outside area, as well as below unheated space. Installation of new window elements, with combined
wood-aluminium framing and triple glazed insulating low-emissivity glazing. ® Connection to the cogeneration (CHP) based district
heating system, installation of thermostatic valves and consumption based billing. Installation of central DHW supply system connected to
the heating system.

[lonatHo 13onoBarbe GpacafHyx 31[0Ba KOHTaKTHOM TepMOM30onaLoHoM Gpacafom. [loaaTHO M3010Bakbe paBHOT KpoBa. [loAaTHo 130noBarbe
XOPV3OHTASHMX KOHCTPYKLUWja V3Ha[ HerpejaHor MoApyma 1 OTBOPEHOr MPOCTOPa, Kao W WCMof HerpejaHor mpocTopa. Yrpaftba HOBUMX
npo3opa ca Npodunmnmay KobrHaLwj1 4pBO anyMnHUjym Ca TPOCTOJHIM M30MaLIMOHNM HUCKOEMVICUOHIM CTaKO-NakeToM, CepTUUKOBAHIM
Kao KOMMOHeHTe 3a NacviBHe kyhe. ® [loBe3uBarbe Ha Aa/bMHCKYM CUCTEM rpejatba Ca TOMIOTHOM MyMMOM BOAa-BoAa. TepMOCTaTCKV BEHTUN,
Hannata Nno NOTPOWHW. Yrpafrba LLeHTPalHOr C1cTema Npunpeme Tore Boge NoBe3aHor ca CUCTeMOM rpejarba.

Additional thermal insulation of external walls with contact insulating systems. Additional flat roof thermal insulation. Additional thermal
insulation of horizontal floor constructions above unheated basement and above outside area, as well as below unheated space. Installation of
new window elements, with combined aluminum wood framing and triple glazed insulating low-emissivity glazing, certified as components
for houses built in passive house standard. ® Connection to the water to water heat pump based district heating system, installation of
thermostatic valves and consumption based billing. Installation of central DHW supply system connected to the heating system.
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YHanpehetbe TepMUUYKOT OMOTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *

MNocTtojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2
TonnoTHW ryéuum 700 700 700
enemMeHaTa TepMUUKor
OMOTaya 3rpage 600 600 600
Heat loss through the
500 500 500
thermal envelope
[W/K] 400 400 400
300 300 300
200 200 200

| ] 1 0]
100 100 100
I ll -l I Wk =l I aN __m=i
1

2 3 45 6 7 89 12 3 456 7 89 12 3 456 7 89

1 — Cnosbalkby 314, 2 — NPOo30pw, 6ankoHCKa BpaTa, 3 — ynasHa Bpata, 4 — 3ua Ha Aunataumjy, 5 — 31a Ka HerpejaHom CTeneHuLuTy,
6 — MehycnpaTHa KOHCTPYKLMja 13HaZ OTBOPEHOr MpocTopa , 7 — MehycnpaTHa KOHCTPYKLMja UCNOZ Herpejasor npocTtopa, 8 —mehycnpatHa
KOHCTPYKLWMja M3HafA HerpejaHor npocTopa, 9 — paBaH Kpos

1 - external wall, 2 — windows and balcony doors, 3 - entrance door, 4 — dilatation wall, 5 — partition wall to unheated staircase,
6 — floor construction to outside area, 7 - floor construction below unheated area, 8 - floor construction above unheated area, 9 - flat roof

CneymnduruHa roguirba

noTpebHa eHepruja 3a

rpejarbe 61(17%)

B 11 (31%)
Specific Heating Energy

demand per year

[kWh/m?%/ rogniwtbe] %

[(kWh/m?/ year] %
Heating energy demand I 11111 1 1 1 11 e I

EHepreTcku pa3pes
0 50 100% 70 80 0 100% 0 50 100%

Energy class

Erepruja notpebHa 3a
rpejarbe

[kWh/roguiitse]
[kWh/ year]

¥ npema lNpaBunHrKy o eHepreTckoj epukacHocTy 3rpaga (“Cn.rnacHuk PC’, 6p.61/2011)
* according to Ordinance on energy efficiency on buildings (“Cn.rnacHuk PC’, 6p.61/2011)

X - nepwon >2013 H - period >2013

YHanpehetbe TepMUMUKOr OMOTaua ca CCTEMOM Fpejarba — eHEPreTcKn bunaHc

Thermal envelope improvement with heating system - energy balance
MocTtojehe cTame Present state YHanpehetbe T Improvement 1 YHanpebhere 2 Improvement 2

®uHanHa eHepryja

Final energy
I — T I
| Y A R R B A | Y A R R B A [ I e N
0 50 100% 70 80 0 100% 0 50 100%
[kWh/roguiurse]
[kWh/ year]
EHepreHT
- lac EnekTpryHa eHepruja EnektpuyHa eHepruja
Fuel Gas Electricity Electricity

MNprMapHa eHeprija

Primary energy
[KWh] 101660
(54%)
[ e

147428 (78%)

Emncmja CO,

CO, emission

tka] ) 50 100% 0 50 100% 0 50 100%

36vipHe ywTene
NPUMEHOM
rpaheBUHCKIX U
TePMOTEXHNUKIMX MEPa

Overall savings
after refurbishment
measures

83%

59



HauproHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx on 2013.
National Typology of Residential Buildings in Serbia Constructed since 2013

X5
H5

CrambeHa 3rpaga y HU3y

oooo
0000 §sso%

~ 5 oooo

Residential building in a row

Kateropuja BMWENOPOAMNYHO CTaHOBarbe  Category multifamily housing
foanHa n3rpagre 2014, Year of construction 2014

bpoj eTaxa 5 (Mo+Mp+3+1c) Number of floors 5 (B+Gf+3+L)

bpoj ctaHoBa 12-17 Number of apartments 12-17

MospuwuHa (M?) HeTo rpejaHa  1200-1800 Area (m?) Net heated 1200-1800
3anpemuHa (m?) HeTo rpejaHa  3500-4800 Volume (m?) Net heated 3500-4800

60

CrambeHa 3rpafa AenMMMUYHO pasyheHe ocHoBe, Ca
KOCKM KpOBOM M3Ha MOBYYEHOT Ccnpata. KoHCTpyKUWja je
CKeneTHa apMmMpaHo-6eTOHCKa, Ca UCMyHaMa Of onekap-
CKMX 6n0oKoBa, M 6eToHa. Gacaaa je 0bnoKeHa KOHTaKT-
HVIM TEPMOWM301aLMOHUM CUCTEMOM Of MUHEPaTHe ByHE,
Ca NAemMeHUTUM ManTepom. Mpo3opu Cy anyMUHUYMCKHX,
Ca ABOC/IOjHMM TEPMOM30MALUMOHNM CTAK/IOM U CMOJb-
HUM "ecnuHrep” ponetHama. MehycnpaTtHa KOHCTPYK-
UMja je apMMpaHoObeToOHCKa. 3rpafia je ca NMoapyMOM Koju
Ce KOpWCTW 3a rapaxuparse. [prsemibe je HamereHo
CTaHOBAkbY M KOMepUMjanH1m genatHoctuma. Cee nosu-
Lyje TEPMUYKOT OMOTaua Cy TEPMNYKI M3010BaHe.

Residential building with a slightly indented floor
plan, and a pitched roof above the withdrawn loft floor.
Construction is concrete skeleton, with massive infill
walls, built with hollow clay block or concrete. External
walls are cladded with thermal insulating contact system,
insulated with mineral wool and fine plaster finishing.
Window are with aluminum framing and double insu-
lating glazing units and outer “Esslinger”type roller shut-
ters. Floor structure is a reinforced concrete slab. Base-
ment is used as garage space. Ground floor consists
residential and commercial units. All thermal envelope
elements are insulated.

CnunuHe 3rpane

Similar buildings

3rpage cy pasyheHe ocHoBe, Hajuewhe ca KoCUM
KpoBOM. [lpu3emibe je ca AenaTHOCTUMA, a MOAPYM
HamerbeH NapKrparsy. KOHCTPYKLMja je apMUMpPaHOOeTOH-
CKa Ca WCIyHoM. TaBaHMLe Cy MOMYMOHTaKHE Ca UCny-
HOM WX apMmnpaHobeToHcKe. Lleo Tepmuykin omoTau
je nsonosaH. Macafa je 0bnoxeHa TePMON30ALIOHVM
CMCTEMMMA, Ca AeKkopaTuBHOM obnorom. Mpo3opu cy
MBL vnv anyMnHMjyMCKI Ca M30M1aLMOHMM CTaKIMMa.

EHepreTcku pa3pep 3rpage - noctojehe crarme
QH,nd rel [%]
68

X - nepvoa >2013 H - period >2013

Buildings of this type usually have a complex floor
plan, and a pitched roof. Ground floor has different uses,
while basement is used as garage space. Construction
is built in reinforced skeleton system with massive wall
infill. Floor structures are semi-prefabricated with vari-
ous types of infill or reinforced concrete slabs. Complete
thermal envelope is insulated. External walls are insulat-
ed with contact insulating systems, with decorative plas-
ter layer finishing. Windows are with PVC or aluminum
framing and thermal insulating glazing.

Energy class of building - existing state
Qg KWh/(m?a)]

41

<100

<150

<200

A+
8 4
O

> 250




HauroHanHa Tvnonoruja ctambernx 3rpana Cpbuje rpaherunx og 2013.
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Cknonoswu TepMmuykor omotava Elements of the thermal envelope

Cnosbaltsm 3ug 1

External wall 1

U (W/m?2K)
Cnosballtsn 3ug 2

External wall 2

U (W/mZK)
31A Ha annaTaumnjn

Dilatation wall

U (W/m?K)
31 Ka HerpejaHoMm
CTENEHULLTY

Partition wall
to unheated staircase

U (W/mK)
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MNocTojehe cTare Present state

YHanpehetbe 1 Improvement 1

Cknonou TepMmykor omotava Elements of the thermal envelope

YHanpehetbe 2 Improvement 2

3 3 ] < ] ] 3 PaBaH kpos
& 3 % 3 % 3
< 5 £ 5 £ 5 =
© @) © @] © o
[oR [oR [oR
2 3 3 2 3 3 Flat roof
= e = e = 2

(@) (@] (@]
ManTtep 2cm, 6eToH 20 cm, Tepmomrsonalunja  ManTep 2 cm, 6eToH 20 cm, TepmMour3onaumja  mMantep 2 cm, 6etoH 20 cm, TepMorsonauyja
10 cm, nyHa oneka 12 cm, mantep 3 cm 10 cm, nyHa oneka 12 cm, mantep 3 cm, 10 cm, nyHa oneka 12 cm, mantep 3 cm,
plaster 2 cm, reinforced concrete wall 20 cm,  Tepmowmzonauwja 8 cm, Mantep 3 cm Tepmonsonauuja 12 cm, mantep 3 cm
thermal insulation 10 cm, solid brick wall plaster 2 cm, reinforced concrete wall 20 cm,  plaster 2 cm, reinforced concrete wall 20 cm,
12cm, plaster 3cm thermal insulation 10 cm, solid brick wall thermal insulation 10 cm, solid brick wall

12cm, plaster 3 cm, thermal insulation 8 cm,  12cm, plaster 3 cm, thermal insulation 12 cm,
plaster 3cm plaster 3cm

0.28 0.16 0.14
[} %) 0] @ [} [} [}
° &9 o ° ° ° °
& Ss 3 % 3 % 3
= o2 5 < 5 < 5 U (W/m?K)
= e (@) s o =3 o
£ - 3 s 3 =2 3 Koc kpos
= & e = e = e

(@) (@] (@]

ManTep 2 cm, wynsby 610K 19 cm,
Tepmousonauuja 12 cm, mantep 3 cm
plaster 2 cm, clay block wall 19 cm, thermal
insulation 12 cm, plaster 3 cm

ManTep 2 cm, wynsom 610K 19 cm,
Tepmonsonauuja 12 cm, mantep 3 cm
Tepmonsonaumja 8 cm, mantep 3 cm
plaster 2 cm, clay block wall 19 cm, thermal
insulation 12 cm, plaster 3 cm, thermal
insulation 8 cm, plaster 3 cm

Pitched roof

ManTep 2 cm, wynssun 610k 19 cm,
Tepmonsonauuja 12 cm, mantep 3 cm,
Tepmonsonauuja 12 cm, mantep 3 cm
plaster 2 cm, clay block wall 19 cm, thermal
insulation 12 cm, plaster 3 cm, thermal
insulation 12 cm, plaster 3 cm

0.27 0.17 0.14
() [} (9] () (9] ()
© ° ° © ° ©
< g = g = g
© © ©
a © o I o I
> 2 > 2 > 2
= e = e = 2
(@] (@] (@]
Mantep 2cm, 6eToH 20cm, HEMA V3MEHA HEMA V3MEHA U (W/m?K)
Tepfv\omonauvula 12¢cm NO CHANGES NO CHANGES MehycnpaTHa
plaster 2 cm, reinforced concrete wall 20 cm, .
thermal insulation 12 cm KOHCTPYKLWja n3Haa
03] 0371 037 HerpejaHor NpocTopa
() - [} (9] () (9] [ -
© =3 he! ) hel ° hel .
E = 2 E 2 E 2 Floor construction
&3 (@] © O © O
g : p 8 - 8 p above unheated area
3 I & I & 2
> = > = > c
(@] (@] (@]
Mantep 2cm, 6eToH 20cm, Tepmomsonaumja  HEMA VI3MEHA HEMA M3MEHA
10 cm, manTep 2 cm NO CHANGES NO CHANGES
plaster 2 cm, reinforced concrete wall 20 cm,
thermal insulation 10 cm, plaster 2 cm
0.39 0.39 0.39

U (W/m?K)

lNocTtojehe cTare Present state

Cnosba Outside

YHyTpa Inside

Kepamuyke nnoyute 1.25 cm, xmapowvsonaumja
1 cm, uemeHTHa Kolysbumua 4 cm,
Tepmowzonauwjale cm, ME donwja 0.02 cm,
6eToH 20 cm, ManTtep 2.5 cm

ceramic tiles 1.25 cm, hydroinsulating layer
1cm, cement screed 4 cm, thermal insulation
16 cm, PE foil 0.02 cm, reinforced concrete
slab 20 cm, plaster 2.5 cm

0.15

Cnosba Outside

YHyTpa Inside

pagaH ninum 0.06 cm, ME dponwja 0.04 cm,
[lalyaHa noanora 2.4 cm, Tepmousonatiuja
25cm, 6eToH 20 cm, mManTep 1.25 cm
aluminum roofing sheet 0.06 cm, PE foil 0.04
cm, roofing paper, timber plank 2.4 cm, thermal
insulation 25 cm between timber rafters,
reinforced concrete slab 20 cm, plaster 1.25 cm

0.14

YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, LemeHTHa Kowysbhua 4 cm, MBLY
donwja 0.02 cm, TepMorizonaumja 2 cm, 6ETOH
20 cm, Tepmomzonaumja 12 cm, mantep 3 cm
parquet 2.2 cm, cement screed 4 cm, PE foil
0.02 cm, thermal (sound) insulation 2 cm,
reinforced concrete slab 20 cm, thermal
insulation 12 cm, plaster 3 cm

0.25

YHanpebherbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA
NO CHANGES

0.15

Cnosba Outside

YHyTpa Inside

pagaH nnum 0.06 cm, ME ponwja 0.04 cm,
[lalyaHa noanora 2.4 cm, Tepmovizonaumja
33cm, 6eToH 20 cm, mManTep 1.25 cm
aluminum roofing sheet 0.06 cm, PE foil 0.04
cm, roofing paper, timber plank 2.4 cm, thermal
insulation 33 cm between timber rafters,
reinforced concrete slab 20 cm, plaster 1.25 cm

0.11

YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, LeMeHTHa Kowwysbuua 4 cm,
MBL| dponmja 0.02 cm, Tepmowzonaumja 2 cm,
6eToH 20 cm, Tepmom3onaynja 12 cm, mantep
3 cm, Tepmomsonaupja 8 cm, mantep 3 cm
parquet 2.2 cm, cement screed 4 cm, PE foil
0.02 cm, thermal (sound) insulation 2 cm,
reinforced concrete slab 20 cm, thermal
insulation 12 cm, plaster 3 cm, thermal
insulation 8 cm, plaster 3 cm

0.17

X - nepwon >2013 H - period >2013

YHanpebhetbe 2 Improvement 2

Cnorsba Outside

YHyTpa Inside

kepamuyke nnoymue 1.25 cm,
xugpousonaumja 1 cm, LemeHTHa Kowysbrua
4 cm, Tepmowsonatuja 28 cm, INE donuja
0.02 cm, 6eToH 20 cm, manTep 2.5 cm
ceramic tiles 1.25 cm, hydroinsulating

layer 1 cm, cement screed 4 cm, thermal
insulation 28 cm, PE foil 0.02 cm, reinforced
concrete slab 20 cm, plaster 2.5 cm

0.09

Cnoma Outside

X i 4

YHyTpa Inside

paBaH n1um 0.06 cm, ME donnja 0.04 cm,
falyaHa nognora 2.4 cm, Tepmoun3sonaumja
37cm, 6eToH 20 cm, ManTep 1.25 cm
aluminum roofing sheet 0.06 cm, PE foil
0.04 cm, roofing paper, timber plank 2.4 cm,
thermal insulation 37 cm between timber
rafters, reinforced concrete slab 20 cm,
plaster 1.25 cm

0.10

YHyTpa Inside

Cnosba Outside

napket 2.2 cm, LeMeHTHa Kolysbula 4

cm, MBL dponuja 0.02 cm, Tepmovizonaumja
2 cm, 6eToH 20 cm, Tepmom3sonaumja 12
cm, ManTep 3 cm, TepMovsonauuja 12 cm,
Mantep 3 cm

parquet 2.2 cm, cement screed 4 cm, PE foil
0.02 cm, thermal (sound) insulation 2 cm,
reinforced concrete slab 20 cm, thermal
insulation 12 cm, plaster 3 ¢cm, thermal
insulation 12 cm, plaster 3 cm

0.14
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Cknonoswu Tepmuykor omotava Elements of the thermal envelope

[po3op

Window

U (W/m?K)

YnasHa Bpara

Entrance door

U (W/m?K)

MNocTojehe cTare Present state

ANYMUHWYMCKI Ca ABOCSIOJHIM
M30M1aLMOHNM CTaKNOMNAKETOM, NMyHEeHVIM
racom

Aluminium, double glazed unit with gas
infill

1.65

YHanpehetbe 1 Improvement 1

ANYMUHU]YMCKI Ca TPOCTIOJHUM
HUCKOEMMUCUOHIUM M30MaLMOHIM
CTaK/MOMNAKETOM UCMYHEHVIM MHEPTHUM
racom

Aluminium, triple glazed low-E unit, inert
gas filling

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLMOHNM HACKOEMUCUOHUM CTaKNo-
NaKeToM UCNyHeHNUM MHEPTHUM racom
Wood-aluminium, triple glazed low-E unit,
inert gas filling

0.80

MeTanHa, KpWno Cca TepmMonsonayoHoM
MCMYyHOM 1 PBEHOM 0bnorom

Metal, insulated leaf with wooden finishing

1.60

MeTanHa, Kprno ca TepMoV30naLyIoHOM
VCryHOM

Metal, insulated leaf

1.10

MeTanHa, Kpuno ca TepMoM30aLVIoHOM
1cryHoM

Metal, insulated leaf

0.80

Cuctemu rpejarba v nprnpeme Torse Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

[larbrHCKO Ha GocKHa ropusa.
TepmoCTaTCKM BEHTUAW. Hannata npema
MOTPOLHL.

District heating system (fossil fuel).
Thermostatic valves. Consumption based
billing.

[larHCKO rpejarbe ca KoreHepawjom.
TepmocTatcku BeHTVAW. Hannata npema
NOTPOLUHSY.

District heating system with combined heat
and power generation (CHP). Thermostatic
valves. Consumption based billing.

JlarbMHCKO rpejatbe ca TOMI0THOM MyMom
BO/ia - BOAA. TepPMOCTATCKM BEHTUNN.
Hannata npema noTpow K.

District heating system with water to
water heat pump. Thermostatic valves.
Consumption based billing.

4.00

Cuctemu rpejatba v Npunpeme Tomne Boge Heating and hot water system

lNocTtojehe cTare Present state

Cuctem npunpeme
Tonne Bofe

Hot water system
LleHTpanHu cuctem nprnpeme
TOMNe BOfie MOBE3aH Ca CUCTEMOM
rpejarba
Central supply with a domestic hot
water connected to the heating
system

YHanpebherbe 1 Improvement 1

=i

LleHTpanHu cuctem nprnpeme
TOMNe BOAe NoBe3saH ca CUCTemMoM
rpejarba

Central supply with a domestic hot
water connected to the heating
system

X - nepuopa >2013 H - period >2013

YHanpehetbe 2 Improvement 2

LleHTpanHu cuctem npunpeme
TOM/e Bofe NOBe3aH Ca CUCTEMOM
rpejarba

Central supply with a domestic hot
water connected to the heating
system

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

[onatHo n3onoBsarbe dacafHmx 3K40Ba KOHTAKTHOM TePMOM30aLUMOHOM dacafom. [JoaaTHO 130Mn0Batbe KOCOT KPOoBa M3Hag NOTKPOBHE
eTaxe 1 XOPU3OHTaNIHUX KOHCTPYKLMja U3HaA HerpejaHor nogpyma. Yrpaakba HOBYX Mpo3opa of ANyMUHUYMCKUX Npoduna ca TPOCIojHIM
30MaLMOHNUM HUCKOEMUCUOHMM CTakfo-naketom. @  [loBe3viBatbe Ha AasbUHCKM CUCTEM rpejakba Ca KoreHepauujom. TepMoCTaTcKi
BEHTWW, HarnaTa no NoTPOLWK. Yrpazirba LEeHTPANHOr CUCTeMa NpUnpemMe Torne Bofe NOBE3aHOr Ca CUCTEMOM rpejarba.

Additional thermal insulation of external walls with contact insulating systems. Additional thermal insulation of the pitched roof above
withdrawn loft floor and horizontal floor constructions above unheated basement. Installation of new window elements, with aluminum
framing and triple glazed insulating low-emissivity glazing. ®  Connection to the cogeneration (CHP) based district heating system,
installation of thermostatic valves and consumption based billing. Installation of central DHW supply system connected to the heating
system.

[onatHo n3onoBare dacafHnx 31A0Ba KOHTAKTHOM TePMOM3ONaLMOHOM dacasom. [JOAaTHO M30M10Bakbe PABHOM U KOCOT KPOBa Kao W
XOPW30HTaNHMX KOHCTPYKUMja U3HaZ HerpejaHor NoApyMa v OTBOPEHOT NPOCTOpa. Yrpadka HOBMX NPo3opa o4 AnyMUHUyMCKUX Npoduna
Ca TPOCNOJHUM N30M1aLNOHMM HUCKOEMUCUOHUM CTaK0-NaKeTOM , CePTUPMKOBAHVM Kao KOMMOHEHTe 3a nacvsHe kyhe. @ [lose3uBatbe Ha
[la/bVHCKM CUCTEM rpejatba Ca TOMI0THOM MyMMoM BOAA-BOAA. TePMOCTATCKIM BEHTVAW, Hamnnata no NoTpoLbi. Yrpaarba LeHTpanHor crctema
npvnpeme Tonse BOAE NMOBE3aHOr Ca CUCTEMOM rpejatba.

Additional thermal insulation of external walls with contact insulating systems. Additional flat and pitched roof thermal insulation, as well as
horizontal floor constructions above unheated basement and outside area. Installation of new window elements, with combined aluminum
wood framing and triple glazed insulating low-emissivity glazing, certified as components for houses built in passive house standard. ®
Connection to the water to water heat pump based district heating system, installation of thermostatic valves and consumption based billing.
Installation of central DHW supply system connected to the heating system.
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YHanpehetbe TepMUUYKOT OMOTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *

MNocTtojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2
TonnoTHW ryéuum 400 400 400
enemMeHaTa TepMUUKor
OMOTaya 3rpage 350 350 350
Heat loss through the 300 300 300
thermal envelope
250 250 250

[W/K]
200

SOI 150 150

| | . |

1OOI I 100I I 100' I
1 1

200 200

50 50

50
2 3 45 6 7 8 9 1 2 3 45 6 7 8 9 2 3 45 6 7 8 9

1 — Cnosbalkby 314, 2 — NPOo30pw, 6ankoHCKa BpaTa, 3 — ynasHa Bpata, 4 — 3ua Ha Aunataumjy, 5 — 31a Ka HerpejaHom CTeneHuLuTy,
6 — MehycnpaTHa KOHCTPYKLMja 13HaZ OTBOPEHOT MPOCTopa, 7 — MehycnpaTtHa KOHCTPYKUMja U3Haz HerpejaHor NpocTopa,
8 — paBaH KpoB, 9 — KOC KpOB

1 - external wall, 2 — windows and balcony doors, 3 - entrance door, 4 — dilatation wall, 5 — partition wall to unheated staircase,
6 - floor construction to outside area, 7 - floor construction above unheated area, 8 - flat roof, 9 - pitched roof

CneymnduruHa roguirba

noTpebHa eHepruja 3a

[pejal-be 11 27%) 15 (37%)
Specific Heating Energy

demand per year

[kWh/m?%/ rogniwtbe] %

EHepreTcku pa3pes

[(kWh/m?/ year] %
B/

Energy class

Erepruja notpebHa 3a
rpejarbe

Heating energy demand I 11111 1 1 1 11
0 50 100% 0 50 100% 0 50 100%

[kWh/roguiitse]

[kWh/ year]

¥ npema lNpaBunHrKy o eHepreTckoj epukacHocTy 3rpaga (“Cn.rnacHuk PC’, 6p.61/2011)
* according to Ordinance on energy efficiency on buildings (“Cn.rnacHuk PC’, 6p.61/2011)

X - nepwon >2013 H - period >2013

YHanpehetbe TepMUMUKOr OMOTaua ca CCTEMOM Fpejarba — eHEPreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MocTtojehe cTame Present state YHanpehetbe T Improvement 1 YHanpebhere 2 Improvement 2

®uHanHa eHepryja

Final energy
[ ewm ] [ ew ] I oo
| Y A R R B A | Y A R R B A [ I e N
0 50 100% O 50 100% 0 50 100%
[kWh/roguiurse]
[kWh/ year]
EHepreHT
- lac EnekTpryHa eHepruja EnektpuyHa eHepruja
Fuel Gas Electricity Electricity

MNprMapHa eHeprija

Primary energy
o 0
[ e

86718 (80%)

Emncmja CO,

CO, emission

tka] ) 50 100% 0 50 100% 0 50 100%
36vipHe ywTene
NPUMEHOM

rpaheBUHCKIX U

TePMOTEXHNUKIMX MEPa

Overall savings 86%
after refurbishment

measures
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