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

YBopg

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 carnefaBarby mMoryhHocTV yHanpehersa
3rpada ca acnekta noBeharba HMXOBE eHepreTcke
edrnKacHoOCTH.

Y METOAONOWKOM CMUCITY, OBa KrbMra Ce OCflarba Ha
NPEeTXOAHE pe3ynTate UCTpaxmBarba 1 Knacudrkaumje
rpaheBuHCKOr GOH[a 3rpafia MOPOAMYHOT U BULLIENOPO-
OMUHOT CTaHoBarba y Cpbuiju, Koje je y nepuogy 2011-
2013 y3 noapwky Bnage CaesHe Penybnuke Hemauke
y OKBUpY [NpojeKTa Kojer peannsyje Hemauka opraHu-
3aumja 3a mehyHapoaHy capagry M3 GmbH (Deutsche
Gesellschaft fUr Internationale Zusammenarbeit (GIZ)
GmbH), cnposena rpyna aytopa ca ApPXUTEKTOHCKOT
dbakynteta YHumBep3wteTa y beorpagy. Pesyntatm Tux
NCTPaXKKMBarba Cy MPUKasaHu y Krburama ,Amsac nopo-
ouuHux kyha Cpbuje”, ,Amnac 8uwenopoduyHux 3epada

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 aedrHUCaHoj y oKeMpy MehyHapogHOr NpojeKkTa
TABYNIA, unjm je unmbs Kpenparbe jeHO3HauHe CTPYKTY-
pvipaHe TUMonorvje cTamOeHUx 3rpafa, y3 yBaxasate
HaLMoHanHnx cneynduuHocT. Metoponorujy je npeno-
3Hana EBpOMNCKa KOMMCHKja Kao jeAHy Of [BE 3BaHWuYHe
33 OLEeHy eHepreTcKkux KapakTepucTrka 3rpaga.’ Cnpo-
BeIeHVIM UCTPaxuBarbem M3BpLIEHA je KnacudurKaluja
3rpaja HamereHVX CTaHOBatby MPBEHCTBEHO npema
nepuroarMa V3rpafrbe 1 KapakTepuCTUYHUM TUMOBKMA
3rpaga. OpMMPAHO je YKYNHO WeCT OCHOBHYMX TMNOBA
3rpaga (4Ba TMNa NOPOAMYHNX U YETUPW TVMa BMLIENO-
POAVYHYIX 3rPaja), KOjW Cy AOAATHO Pa3BPCTaHW y cefjam
KapaKTepUCTUYHNX MePUOLa 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 YHuBepsuTeTa y beorpagy; GIZ — Deutsche
Gesellschaft fur Internationale Zusammenarbeit, 2012).

2 Mwunuua Josanosuh lMonosuh v 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 [ono-
svh v LdywaH MrrbatoBuh (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
NCTPaxuBarba NpeAcTaB/ba  yTBPHMBatbe  KapakTe-
PUCTUYHMX TWMOBa CTamMbeHMX 3rpafa rpaheHux opn
2013, kKao un nedunH1Ccarbe Npeanora yHanpehera Hixo-
BMX eHEPreTCKMX KapaKTepucTvKa, Ha 6a3u mocTynaka
1 meToda yTBpheHnx y HaurnoHanHoj TMnonormjn cTam-
6eHnx 3rpama Cpbuje. MNMocebaH 3Hayaj UCTPaXKMBaHba
NeXN Y UFbeHULM Aa je YCMEePeHO Ha Nepuop U3rpairbe
KOjU KapakTepulle MouyeTak npriMeHe HOBMX Mponuca
13 0bnacTy eHepreTcke edrKacHOCTY, WTO Halia NoTmy-
HO HOBO CBET/IO Ha MOTeHUWjaHK NPUCTYN AedrHMCatby
Mepa 3a [la/be eHepreTcko yHanpehere 3rpaga.

KapakTepucTuke y3opka

Kao wro je Beh peueHo, UCTPaxmBarbem Cy OOyx-
BaheHn uCkbyunBo 3rpage umsrpaheHe og 2013. 3a
Pa3NVKy Of MPETXOAHVX UCTPaXkMBakba, Kaja je 3a notpe-
6e n3page HaumoHanHe TMNonorvje ctambeHnx 3rpaga
Cpbuije n3BplieH nocebaH Nomnuc 1 TePEHCKO UCTPaXM-
Batbe 3a Buwe of 20 000 3rpaga, nodauum o 3rpagama cy,
0Baj MyT, MPUKYN/bEHW ApYraunjim nyTem. AHann3vipaHu
y30paK [jobujeH je Ha ocHoBy 6a3e nopataka LleHTpan-
HOI perncTpa eHepreTckyx nacowa Penybnuke Cpbuje
(LIPEM)®> 1 eBnpeHuUje eHepreTckmx nacota MuHucTap-
cTBa rpaheBMHapcTBa, caobpahaja U MHPPACTPYKTY-
pe, y3 carnacHocT v nomoh osor MuHucTapcTea. OBaj
y30pak ynopeheH je ca 3BaHWUHIM CTAaTUCTUUKMIM NOAa-
UMMa® 0 YKyMHOM 6p0jy 1 MOBPLIMHK 3rpaja nrpaheHunx
ToKOM nepunofga 2013-2015, Ha OCHOBY Yera je 3aKk/byye-
HO [la NpefCTaBsba peneBaHTaH y30pakK 3a fasby aHanuay,
Oynyhv fia npeacTassba oko 15% o yKynHor 6poja HoBo-
n3rpaheHux 3rpaga. CTaTUCTUUKM nofdaumn o 3acTyrbe-
HOCTW Mpeno3HaTiX TWMOBa 3rpafa GopmMmUpaHn Cy Ha
OCHOBY pacriofene YKynHor 6poja HoBow3rpaheHux
3rpaga (oko 3500), npema OCHOBHMM KapaKTepuCTMKamMa
aHanM3vpaHor y3opka.

° LleHTpanHu pernctap eHepreTckux nacowa Penybnvke
Cpbwje (LIPEM) http://www.crep.gov.rs/ npefcTtaerba 6asy eHep-
reTcKux cepTudurKaTa (eHepreTcKkn nacolv) U3fatux y cknagy
Ca HOBOM perynaTnsom 13 06nacTi eHepreTcke ePrkacHOCTU.
© Cratnctnukn rogmwisak Penybnuke Cpbuje 2015. Peny-
6nMUKM 3aBof 3a CTaTUCTUKY. Beorpag.

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, this researchincluded 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.

B 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.

© Statistical Yearbook of the Republic of Serbia 2015. Statis-
tical Office of the Republic of Serbia. Belgrade.
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,upyI.IJTBEHO-I'IOHI/ITVILIKVI N €KOHOMCKWN KOHTEKCT

HakoH  CTPYKTYpHUX — [APYLITBEHO-MONUTUAYKMX,
NPUBPEAHVX N EKOHOMCKMX MpPEBUPaHa Y PErvioHy,
Koja cy y Hajsehoj Mepu obenexmna nepuog 1991-2012,
aKTVBHOCTW TpaheBMHCKOr CekTopa bGenexe Mo3nTu-
BaH TpeHA v naraHo noseharbe MHTEH3UTETa M3rpagHe
cTambeHux 3rpafa. Hanpenak ce ocetvo Beh kpajem
npse AeleHnje ABEX/baAUTUX TOAMHA, Kaja Aonasu Ao
CTabunmn3aupje TPXKMLWTA HEKPETHNHA 1 MHTEH3VBMParba
ynarama y ctaHorpagry. Mako je oBakas TpeHz HakpaT-
KO NPEeKMHYT eKOHOMCKOM KPU3OM, KOja benexn Kynmu-
Hauwujy y nepuogy 2011-2014, moxe ce pehn aa cy akTvB-
HOCTW rpaheBMHCKOr CEKTOPa Y OBOM MEpPUOAY Ha myTy
OMOPaBKa 1 NO3WUTUBHOT TPEHAa.

[lok je n3rpafa NOpoANYHIMX 3rPafa, kao 1y npeT-
XOAHWUM NepuoanMa rpagrbe, U Aarmbe Be3aHa UCKbyun-
BO 3a nojefrHayHe MHBeCTMUMje, OQHOCHO MPUBATHN
KanuTan, v3rpagrba BULLIEMOPOAMYHMX 3rpafa HacTa-
B/ba TPEH[ HanyliTaHa OKBMPA APXKaBHUX WHBECTULM-
ja 1 roTOBO NOTNYHO Mpenasun Ha CoboAHO TPXMUWTE. Y
NPETXOAHUM [elierrjama,” Hocunal, n3rpagre BuLleno-
POAMYHKMX 3rpafa bvna je NPBeHCTBEHO prKaBa, Mehy-
TVIM, CaZla A0Na3n O NPOMEHe CUCTEMA YNarara, Koja Cy,
y Hajgehoj mMepw, Be3aHa 3a NPUBATHM Kanutan. TpeH[
ce y Hajsehoj mepu OAHOCK Ha M3rpafrby MnojeanHay-
HVIX 3rpagda y Buay cnobogHocTojehux 3rpaga, O4HOCHO
3rpafa CMEeLUTEHMX YHYTap MeWOBUTYX MPafICKUX 6110Ko-
Ba. OHW Ce rpaje Ha MarbWM MojefmMHauYHMM napuena-
Ma, Hajuelhe y cknony noctojeRnx rpaackmnx 6IoKoBa.
M3rpagha je BesaHa 3a M3rpafrby ,NpasHux nokauuja”
y OKBMPY OfOKOBa, MK TpaHchopmauwjy noctojehrix
HameHa (MPBEHCTBEHO MOBPLWMHA MOA MOPOANYHIM
3rpafama) y 30He BULLENOPOAMYHON CTaHOBakba.

/ OBO ce nocebHO OAHOCK Ha felieHuje Koje obyxsaTa
nepvon nocnepatHe obHOBE 3eMrbe W MpoLiece MacoBHe CTa-
Horpaare. O KapaKTePUCTUUHIM MEPVOANMAE W3TParbe BY-
WenopoAnYHMX CTamMOeHNX 3rpada y Penybnuuy suaeTn y npe-
TXOAHWUM NybnviKaumjama ,Amsaac 8uwenopoouyHUX 32paoa
Cpbuje / Atlas of Multifamily Housing in Serbia “ (M.JosaHosMh
Monosuh 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 ‘Amnac
guwienopoduyHux 32pada 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-
rpafrby Be3aHe Cy M Aarbe 33 M3rpaary Behnx 6r1oKoB-
CKMX Hacesba Ha MPeoCTanoM jaBHOM 3eMSbULLITY, rae ce
NPBEHCTBEHO rpaje 3rpafe TMna namena, OpraHn3oBa-
HWX Y OTBOPEHE M NONYOTBOPEHE BNOKOBCKe CTPYKTY-
pe. TunnyaH Nprmep TakeBe MHBECTULMjE OAHOCK Ce Ha
npocTop 6uBle kacapHe ,Bojsopa Crena CrenaHosuh”
y beorpaay, Koju je NpeTBOpeH y CTambeHO Hacesbe Ca
BuLWe oA 40 BULIENOPOAVYHIMX CTaMOEHNX 3rpaaa v roTo-
Bo 13000 ctaHoBHMKa. OBa MHBecTMUMja [paheBuHCKe

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

Cnuka 2. - Hacerbe Crena Crenanosuh y beorpagy (nepuog nsrpaarse 2012-2015)
Figure 2. - Settlement Stepa Stepanovic in Belgrade (construction period 2012-2015)
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anpekunje Cpbuje npenctasmba jeaHo of Behnx apxas-
HWX ynararba y CeKTop CTaHorpagrbe y nocnefrbux 20
roaviHa.

MNocebHy crneundnyYHOCT NpoyyaBaHor nepuoma u,
MOXe ce pehu, HeroBy rasHy KapakTepucTuky, npea-
CTaB/lba HOBOYBeAeHa 3aKOHCKa obaBe3a, Koja ce Tnye
NCnyrbaBatba  MUHVMANHWX — CTaHAApAa eHepretcke
edurkacHoCTW y 3rpagama. ObaBesHa eHepreTcKa Knacu-
dvkaumja n cepTrdurKaumja HOBMX 3rpafa, Koja je Ha
CHa3n of oktobpa 2012. rognHe, NpeacTaB/ba NOCTy-
MaK Koju je 03Hau1o NpeKkpeTHULY y AoTafallkboj rpagn-
TerbCkoj npakcu. Kpajem npetxopHor nepvopa (1991-
2012), y nocTynky npuapyxmnearba EBPOMNCKO] yHWMjK,
KpO3 1cnyrbaBarbe 0baBesa npema EHepreTckoj 3ajenHu-
uy, Penybnvka Cpbuja je AoHena umMTaB HW3 3aKOH-
CKMX 1 NOA3aKOHCKMX aKaTa Kojuma ce ypehyje obnact
yrnpassbarba €HeprnjoMm y CBMM MPUBPEAHVM rpaHama,
MeDy KojuMa 3HauajHO MeCTo 3ay3umajy Mponucu Koju
ce TUUy eHepreTcke eprKacHOCTM y 0bnacTu rpahesw-
HapCTBa. 3aKOH O NJIGHUPArbY U U32paokbu,® Kao KPyH-
CKM JOKYMEHT, @ MOTOM W MOA3aKOHCKM aKTK, Ha MPBOM
MeCTy IpaguiHUK o eHepeemckoj e¢hukacHocmu 32paod,
° OHOCHO [IpasuHUK O YC/108UMA, CAOPXUHU U HAYU-
Hy U30a8area cepmugukama o eHepeemckuM C80jCMau-
Ma 32pada,’® ycnoBunuv Cy 3HauajHe NpoMeHe y CPrickoj
rpaheBMHCKO] Npakcu. MpUMEHOM OBMX MPABWUIHMKA,
OHO LWTO je JO TaAa NPeACTaB/bano M3y3eTak no NuTakby
mMaTepujannsaLmje 1 TePMNUYKKX KapakTeprcTmKa 3rpasa,
Cafia ynasu y peaoBHy rpaguTesbcky npakcy y Penybnu-
um. Ocnm obasese WCyHaBakba MUHUMANMHUX — KpuTe-
pujyma y nornefy eHepreTcke ePUKaCHOCTMHA HKBOY
uene 3rpage (M3paxeHO KPO3 YC/IOB MOTpebHe eHep-
rvje 3a rpejatbe), y3 3a40BOSbEHE CTPOXKMX KPUTEPWjYMa
33 TEPMUYKE KapaKTepUCTUKE MojefuHayHmX nosmuuja
TEPMMYKOT OMOTaua, TeXK Cce OCTBapuBarby cse Beher
HVBOa eHepreTcke eprKacHOCTY, LTO CBaKaKo NpeacTa-
B/ba PE3y/TaT HOBE TPXKMLLHE YTakmMLe.

8 3aKoH 0 nnaHuparby u usepadrbu (Cryko6eHwn 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 csojcmauma 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 usrpaheHumx srpaga

Y opHocy Ha npetxofHv nepuog (1991-2012), Tokom
Kora je m3rpaheHo 12,40 % (278 456 3rpaga) of ykyn-
HOr 6poja MOPOANYHKX U BULIEMOPOAMUHMX CTaMOEHMNX
3rpaga y Cpbujn, y neprogy of 2013. je, npema AoCTyn-
HVM nodaumma, nsrpaheHo oko 3500 3rpaga, wiv 0,15 %
ofl yKynHor 6poja 3rpafa. Vimajyhm y Buay na ce pagn o
pEenaTvBHO KPATKOM BPEMEHCKOM Pa3fobrby Of TPV roaw-
He (3BaHWYHM CTATUCTWYKM NoAaLm O Bpojy m3rpaheHmnx
3rpafa focTynHum cy 3a 2013, 2014. 1 2015. roanHy), Moxe
ce pehn Aa je pey 0 MO3UTMBHOM TPEHAY, KOjW YKasyje Ha
JYropouHy CTabunvsauujy TpxkumwTta. OBOMe y Npusor nuae
uMHbeHMLa [a, Of YKynHoOr 6poja NocMaTpaHvx 3rpaga y
OBOM nepwuopy, rotoso 70% npunaga BULLENOPOANYHOM
TVMY 3rpPaja, LWUTO CBAKaKO yKasyje Ha noseNaHy Tpaby
3a CTambeHnM NPOCTopoM. Mako ce paau o manom 6pojy
YKYMHO M3rpabeHnx BUWENOPOAMYHMX 3rpada Yy OBHOCY
Ha MpeTxofHe Neproae, OBaj OAHOC M3rpaheHrx nopo-
OMYHVIX 1 BULIENOPOANYHNX 3rPafa MOXe NpeacTaB/ba-
TV NOKa3aTesb HOBe CTPYKType CTambeHor GoHaa y Peny-
61U y HacTynajyhem nepuopy. MNpumepa paan, on 1991.
1o 2012. roguHe w3rpaheHo je oko 13000 BuLenopoany-
HWX 3rpaja, WTo NpeacTaBba caera 4,67 % yKynHor 6poja
n3rpaheHux 3rpafa y MCToM nepuomy, Yvme ce notephyje
NOMEHYTU TPEeHA.

Y HapegHoj Tabenu 2. mMpuKasaH je ykynaH 6poj
narpaheHnx ctambeHnx 3rpaga npema HauvoHanHoj
TMNonorvj CtambeHnx 3rpaga Ha Teputopuji Penybnu-
Ke y MOCMaTpaHOM Mepmopmy, Kao 1 ykynaH 6poj 3rpasa
n3rpaheHrx TOKOM NPETXOAHVIX NepUOoa.

YBop Introduction

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
% 92,04 519 151 067 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 C& MOXE TyMauMTVi eKOHOM-
CKMM MOTEHUMjanoM CTaHOBHMKA, ann U ybp3aHvm
Temnom ypbaHwu3auuje rpafckux npocrtopa y Penybnu-
un. OBakaB TpeH[ Hajborbe unycTpyje npvimep beorpa-
[a, rae je nocnearomM U3MEeHOM MiaHCKe JOKyMeHTauvje
(NP Beorpana 2016) 3a noTpebe n3rpafre 1 pasBoja
NOPOAMYHMX [OMaNVHCTaBa HamMerbeHa MPBEHCTBEHO
nepudepnja rpaficke TepuTopuje, 10K je NpefHOCT AaTta
TpaHchopMaLWj MOPOAMYHOr CTaHOBaka Yy OKBUPY
LeHTpasHe rpaficke 30He Yy MOBPLWMHE HaMeHbeHe BULLIe-
MNOPOAMYHOM CTaHOBakbY, Y3 Aasbe norywhasarbe rpad-
CKOr TKMBa W W3rpajrby BUILLENMOPOAMYHMX 3rpaja ca
npateNM KOMNaTUOUIHM HameHama.

Y nocMmaTpaHOM Y30pKy AOMWMHMPajy  cnobog-
HocTojehe nopoanyHe 3rpage (30%) 1 BMWENOPOANYHE
3rpage (58%), Koju 3ajedHO UnHe BuLe of ase TpehurHe
m3rpaheHux 3rpafa. Ca apyre cTpaHe, cTambeHe 3rpage
TMnNa namena 1 3rpage CMelTeHe yHyTap Hi13a 3rpaga y
rpanckom BoKy, NprcyTHe Cy ca ceera 119%, WTo je 3HaT-
HO CMatberbe y OAHOCY Ha MPETXOAHE Nepuoae. YoueHn
TPEeH[ Ce MOXKe MPUNUCaTH CTPYKTYPU 1 00KMY MHBECTU-
umje, ann 1 cneumneruHMM NPOCTOPHKM OrPaHUYEer M
NOKauuja Ha Kojuma ce rpagu. Hajmarbn ygeo y aHanvsu-
paHom GoHAY, of cBera 1%, 3ay3nmajy NopoamnyHe 3rpa-
[ey Hu3y (cBera 35 3rpaga), WTo je yyelwhe Koje ce Moxe
TYMaunTV 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

cnobogHocTojehe kyhe
freestanding houses

Kyhe y Hi13y
houses in a row

cnobogHocTojehe 3rpage
freestanding buildings
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3rpaje y rpafckom Husy
buildings in a row

Kagda cy y nuTarby MCKIbYUMBO BULLENOPOAMYHE 3rpa-
[, Kao 1y npeTtxoaHom nepuogy (1991-2012), y Hajsehoj
Mepw ce rpajie nojefviHauHe 3rpae Ha 3acebHum rpahe-
BMHCKMM Mapuenama, y Buay cnobogHocTtojehnx 3rpaga,
WY 3rpaja y 3aTBOPEHOM rPafckoM 60Ky, Y nocmaTpa-
HOM Y30pKy, crnobogHocTojehe 3rpage 3acTyrsbeHe Cy
ca rotoBo 60% (2017 3rpajga), LOK 3rpaje y HW3y 3ay3n-
Majy cBera oko 7% (243 3rpage). Vako, y nocmaTpaHom
Y30PKY, He 3ay31Majy BeNMK NPOLEHTYanHu yaeo (ceera
4%), 3Ha4ajHO je MOMEHYTI 1 MOHOBHY MOjaBy M3rpafrbe
BehuMx, ONOKOBCKM OpPraHMW30OBaHWX rpynauuja 3rpa-
13, WTO je BUNo KapaKTepucTUYHO 3a nepuoge 0bHO-
Be nocne [lpyror CBETCKOr paTa U ycMepeHe CTambeHe
M3rpadhe Koja Ce 3aBpliaBa MOYETKOM OCaMAECeTMX.
[aHac ce rpage rpynauuje 3rpafia OTBOpeHe ONOKOBCKe
CTPYKTYpE, a 3rpage 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 nepnope. OBakas TPEHA Y3POKOBaH je MpBeH-
CTBEHO reHepanHVM onpefesbersiMa ypbaHUCTUYKOr
pa3Boja rpanosay Cpbujn 1 orpaHnyaBarsa yKyrnHe BUCcK-
He HOBWX 3rpaja. inak, Kpajem NPeTXoAHOr 1 MOYETKOM
OBOT nepuoaa, 1onasu [o AeNVMUYHOT 3a0KpeTa Yy ypba-
HOM MnaHMparsy 1 Ao mbepanvsaunje” rpaheBrHCKor
3eM/bUWTa Yy nornedy MoryhHOCTV M3rpajHee BUCOKMX
3rpapa. Ha 6asm,Cryavje BMcokmx objekata beorpaga”’
[0Ma3n [0 V3MeHe aKTyeflHe MNaHcke LOKyMeHTauuje
3a noapydje beorpapa, Kojom ce npeumsHuje feduHK-
LWy NoKalwje v yCOBKM 3a U3rpafby BUCOKMX 3rpaja Ha
rPafCKOM NMOAPYYjY. VIako Cy CTyanjoM 1 KacHWjOM nnaH-
CKOM [JOKYMeHTaLMjoM yTBpheHe MoryhHOCTV U3rpaarse
BMCOKMX 3rpada WCK/by4MBO Ha Teputopuju beorpa-
[a, OBaj cneuymdunyaH npoboj Ao Tada yTepheHux ypba-
HUCTUYKMX HOPMATMBa O3HAUMO je MOTEeHUWjanHO HOBY
dasy ypbaHor pa3eoja Ha Teputopuju Lene Penybnvike.
[pBY KOpauW y MMNAEeMeHTaumMjn YCBOjeHMX MPUHLW-
na HayureHn cy novetkom 2016. roanHe, Kaga cy nove-
W NPUNPEMHU PaJOBU Ha M3rPajHi HEKOSIMKO BMCO-
KMX 3rpada Ha noapyudjy beorpapga, y cknony npojekra
beoepad Ha 8o0u.

" ,Cmyouja sucokux objekama’, YpbaHnctunukm 3asog beo-
rpaga, 2011, beorpag
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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 fge
Haf3emMHe eTaxe Ha HMBOY ncnog 5%. lNpoceyHa cnpart-
HOCT NMOPOANYHKIX 3rpafa U3HOCK 1,4 Hafi3eMHEe eTaxe.
Kop BMLIENOPOAMUYHOr CTaHOBarka, cnobogHocTojehe
3rpafe cy Hajuewhe cnpaTtHocTv Tpu (20%), oAHOCHO
ueTMpPKW HaaseMHe eTaxe (28%), LOK 3rpafe KOA Kojux je
cnpatHocT Beha of yetnpu HaazemHe etaxe (MM43+Mk
1o IM+6+11K) 3ajenHo 3ay3umajy 30% y3opka. byayhw ga
Cy NPBEHCTBEHO BE3aHM 3a LiEHTPE HaCe/beHUX MecTa y
KOjUMa HacTajy, 3rpaje Tvna namena numajy Hewto sehy
cnpatHocT (noves of M+2), a Buwe oa 50% HKx “ma
MakcumManHy — cnpatHocT  [14+6+[1k.  Buwenopogunuxe
3rpage y rpagCckoM HU3Y 1Majy PaBHOMEPHO 3aCTymn/beHy
CApaTHOCT Yy pacnoHy M+2+[1k go M+6+11k (M), wro je
CBaKako pe3ynTaT pas3inumnTor KOHTEKCTa Y KOMe 3rpaje
HacTajy. lMpoceyHa CNpaTHOCT BULLENOPOANYHNX 3rpaja
n3Hocn 4,0 Haa3emHe eTaxe, a Kpehe ce y pacnoHy of
3,65 eTaxa (cnobopHocTojehe 3rpane) Npeko 6,85 eTaxa
(3rpafie TMna namena) Ao 5,40 eTaxka (3rpaje y rpaackom
HU3Y).

Momjaun o 6pojy CTambeHUX jeauHMLa Yy aHanmsu-
PaHOM Y30PKy YKa3yjy Ha umkbeHuUy fa y nsrpaheHom
doHAy Npeosnaaasajy Marbe 3rpage, Oyayhn aa ceera 4%
o[ YKymnHor 6poja 3rpaga vma Buwe of 30 cTaHOBa Mo
yna3sy. OBaj 6poj CTaHOBa KapaKTepUCTWUYaH je 3a 3rpa-
ne Tun 5 — namene, Ko Kojux ce 6poj cTaHosa kpehe y
pacnoHy 30-40 no yna3y. Kog cnobopHocTojehinx 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
540 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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40 40 40 40 3 eTake
3 floors
30 30 I 30 30 I . 4.5 etaxa
4-5 floors
20 20 20 20
6-7 eTaxa
[ | 6-7 floors
10 10 10 10
7-8 eTaxa
7-8 floors
™n 1-2 - type 1-2 ™n 3 -type 3 ™n 4 - type 4 ™n5-type 5
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(Tun 4), koje 3ay3mnmajy Hajsehn geo y3opka (58%), 6poj
CTaHOBa Mo ynasy ce kpehe y pacnony 10-15, lWTo farbe
yKasyje Ha yKynaH Manu npoceyaH 6poj CTaHOBa Ha
HVBOY UMTaBOr GOH/A KOjU M3HOCK CBera 3,8 CTaHOBa Mo
eTaxu. Kaga oBome AoAaMo mpoceyHe MoBpLIMHE 3rpa-
[1a Y OCHOBMW, MOXKeE Ce 3aK/by4nTW [1a Y FblMa NpeoBiaia-
Bajy CTambeHe jefnHuLEe NpoceyHe nospLinHe 50-60m?,
OAHOCHO Aa MOBPLUMHA NPOCEYHOT CTaHa y aHanM3npa-
HOM Y30PKY M3HOCK OKO 55 mM?, WITO je Ha HMBOY Npocey-
HVX MOBPLMHA CTaHOBA Y 3rpagama rpaheHum y npet-
XOLHOM Nepnogy.

TpeHa m3rpagrbe CTambeHVX 3rpafja ca BevKuM
6pojem CTambeHVIX jearHMLA Y OAHOCY Ha YKYMHY NoBp-
WWHY NPeACTaB/ba 3anpaBO HacTaBak yCTasbeHe npak-
Ce KapaKTepuCTUUHe 3a NPeTxodHu nepuod. Behu 6poj
CTaHOBA MO €TaXKM U FbMXOBa PENaTMBHO Mana NpoCceyHa
NOBPLMHA PE3YNTAT CY CNELNPUUHNX TOHKMLLIHMX YCI10Ba
NoTpaxHe (M Aarbe Ce TpaXke NPBEHCTBEHO Matbk CTAHO-
BW), OBHOCHO MOTYRHOCTY MnacMaHa CTaMoeHX jeanHu-
ua Ha TpkMwTy. CTaHOBM Cy Y BenMKom Opojy cryuaje-
Ba HeycknaheHe CTpyKType npema yKymnHOj MOBPLIMHY,
LTO Ce ANPEKTHO OAPaKaBa Ha OCTBAPEHN HMBO KOMPO-
pa KOPWCHMKa yHyTap 3rpafa. YNpKOC MPOCeYHO Marnoj
KBagpaTypu CTambeHVx jeauHuLa Yy Hajsehem 6pojy
3rpaga, NocebHy KapakTepucTVKy neproaa NpeacTaBba
MOHOBHa MojaBa BeNMX NYKCY3HWjVX CTAHOBA Ca MOBPLLM-
Hama 100-150 m?2 OBaKaB UCKOpPaK Of reHepasnHe npak-
ce Yy Hajsehoj mepu je Be3aH 3a Behe rpafose (beorpaf,
Hoeu Cap, Kparyjesau, Huuw), ogHocHO cneunduyHe,
EeKCKIY3VBHE NTOKaLVMje Ha KojuMa Ce rpagu.

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
MpoceyaH 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 3.65 685 340
lNpoceyaH 6poj CTaHOBa Ha eTaxw 1 35 46 35 o
Average number of apartments per floor
MNpoceyHa NoBpLUMHa CTaHa [M?] . . . } o
Average apartment area [m?] 90-120 55-65 50-60 55-60
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Y Tabenu 4. pat je ynopenHu npvikas ykyrnHe OpyTo
nsrpaheHe MoBplwnHe cTambeHux 3rpaga y Cpbujn, y
nepunogy of 2013, y 0AHOCY Ha YKyNnHO 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 BYLIENOPOANYHO CTaHOBakbe
family housing multifamily housing

1 2 3 4 5 6 > m? %

A A <1919 8812918 1641759 181255 128836 319202 — 11083970 3,79
B B 1919-1945 14060213 871044 1056060 343833 1829417 — 18160567 6,21
U cC 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
) 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 =

TeXHUUKO-TEXHONOLLKE KapaKTePUCTMKe
1 matepujanmsaumja

[primerbeHe TeXHONOoTWje 1 TeXHWUKE U3rparbe Bapw-
pajy 1 npunarohasajy ce cneumduUHOCTMMA 3rpaga U
YCIIOBMMA KOHTEKCTa Y KOMe Ce OfBuja n3rpagra. Osak-
Ba MPAaKca, YCTAaHOB/bEHA Kpajem AesefeceTVX rOaw-
Ha Mpownor Beka, AoHena je Behy @nekcMounHoCT y
MPOJEKTaHTCKOM CMICITY, @ 3rpage noceayjy 3HaTHo sehy
Pa3HOMMKOCT MO MWTarby MaTepujanvsauuje. YCnoBbe-
HU CneundnuHUM YpOaHWUCTUUKAM OKBMPMMA 3a JaTy
lokauvjy, 3rpafe ce, Kao U KpajeM NPeTxXO4HOr Neproa
(1991-2012), Hajuewhe peanusyjy y cuctemy rpahema
,Ha nuLy MecTa’, y3 Benunky cnobomy 1M360pa KOHCTPYK-
TUBHVX pellerba 1 NPUMEHY HajpasnnynTuivx enemeHa-
Ta MaTepvjanmn3auuje 1 3aBpluHe obpane. Kao 1 Kpajem
NPETXOAHOT Nepuroaa, rpaje ce 3rpage CNoboaHOT apXw-
TEKTOHCKOT 113Pa3a, Ca PAa3HOBPCHMM, YECTO NMOMELLAHMM,
CTUNCKUM, 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. HewTo Behn cTeneH pasyheHocTn ocHO-
BE KapaKTEPMCTMYaH je 33 BULWENOopoanyHe 3rpaje, LWTo
je DenUMMYHO pe3ynTaT YKyrnHe BelWuMHe 3rpage, anwi
1 noTpebe 3a GOPMUPaHEM KEBEHOT aPXUTEKTOHCKOT
M3pasza. Y OAHOCY Ha KapaKTepUCTM4YHe TWUMoBe 3rpa-
[, MOXe Ce youmnTu aa Cy MopoauuHmn cnobogHoctojehe
n 3rpage y Hm3y (Trn 1 1 Tn 2), Kao 1 BULIENOPOANY-
HU cnoboaHocTojehn (Tin 3) v BUWENOPOAMYHE 3rpane
y rpagckom Hn3y (Tvn 5), Hajuewhe rpaheHn ca KoMnaKT-
HOM OCHOBOM, [1OK Cy, Ca Apyre CTpaHe, Behe 3rpage T1na
namena (Tvn4) pelaBaHy BapwjaLMjom 0bmMKa y OCHOBM.

Kao vy npeTxoaHoM Nepuroay, Kof CBKX TMMNOBa 3rpa-
[la IOM1HaHTaH je 6poj OHMX Ca KOCMM KpoBom. Moxe
ce pehwv fa paBHW KPOBOBW Cafa MpeACTaB/bajy M3y3e-
TaK, NaKo Ce pafn O enemeHTVIMa Koju Cy Y BeJIMKOj Mepu
obenexunmn CTpyKTypy rpaheBuHCKor doHaa y Penybnmum
Cpbwjny neprioay nocne [ipyror CBeTCKOr paTa, na CBe 10
noyeTKa ocampeceTvix rognHa. Of yKynHor 6poja 3rpaga,
cBera 4% W je n3rpaheHo ca paBHMM Kposom. [oTno-
MOTHYT TPEHYTHUM TPEHOOM Y YPBaHUCTUUKOM MaHw-
pakby KojW haBopK3yje GopmMparbe 3aBPLLUIHMX eTaxKa Ca
KPOBHMM KOCKMHaMa, OBaKaB TPEH[ BE3aH je npBeHCTBe-
HO 3a noTpebe opraHW3auuvje CTambeHVx npocTopa Y
NOTKPOBHOj eTaxk. Y Apyrom mnaHy ce Hanase notpebe
33 TEXHWYKO pellaBaH-e OABOLHaBaHa KPOBHYIX MOBPLN-
Ha, OAHOCHO Kpemparbe XeSbeHOr apXMTEKTOHCKOT 13pa-
3a ayTopa. Kao pe3synrar Tora, kog Hajseher 6poja 3rpaga
Ca KOCKMM KpPOBOBMMa MOTKPOBHYM MPOCTOPK Ce KOpUCTe
3a 6opasak, Owno y dopmM eKkcTeHsMja AOHUX eTaxa
(bopmmpatbe fynnekca), 61no y Gopmm He3aBUCHUX CTam-
6eHVIX jearHMLa, UeCTO OPraHM30BaHYIX KPO3 BHLLE HMBOA
(cnyyaj ca MaHCapAHVIM KPOBOBMMA).

MpwnaroheH orpaHuWyerbMa Koja Hamehe noka-
UMja 33 W3rpagrby, KOHCTPYKTUBHM CUCTEM 3rpafa ce
Hajuewhe peannsyje y KOMOMHALMW CKeNETHKX apMmUpa-
HOOETOHCKNX enleMeHaTa 1 MacVBHYX 31[0Ba Of ornekap-
CKUX enemeHaTa nnv apmmpaHor 6etoHa. MehycnpatHe
TaBaHuLe ce Hajuelwhe peanwsyjy kao nonynpedadpu-
KOBaHe KOHCTPYKUMje Of LYM/bUX OneKapcKux 6roKo-
Ba (cuctem JIMT), pehe Kao MacvBHe 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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TEPMMYKOT OMOTaua ce peanwsyjy y3 ynotpeby pasnu-
UMTUX TEPMOV30MALIMOHNX 0B0ra, Ha NPBOM MeCTy off
eKcnaHanpaHor NonMCTUPEHa, anv 1 0brora of KameHe
1 CTakneHe ByHe. [lopef Tora, MpojeKToBaHN HMBO eHep-
reTcke eprKacHOCTM efleMeHTa TEPMUUKOr OMOTaua ce
y ce Behem 6pojy 3rpafa pellasa y HeroBoj OCHOBHO]
CTPYKTYpU, YNOTPeOOM KOHCTPYKTUBHUX enemeHata u
enemeHara ncnyHe ca noborbLIAHVM TEPMUYKIM Kapak-
TepucTMkama. Y cee Behoj Mepu npuMeHy y BEpTUKan-
HUM 11 XOPU3OHTANHMM KOHCTPYKUMjaMa Hanase Wynsbu
OneKapCKM enemeHTV y Gopmm TepMoBIIOKOBa, OAHOCHO
BETOHCKMX BNOKOBA Of rac 1 NeHo OeToHa ca U3y3eTHVIM
eHepreTCKMM KapaKTepuUCTMKama, 4ecTo v 6e3 npumeHe
dacagHor TepMoun30naLMoHOr Croja.

Kafa cy y nutarsy npyMerbeHr Matepujani 1 TeXHKe
3aBplUHe obpaje, CTPYKTypa 3aBpLUHKX dacagHux obpa-
[a Ha 3rpajamMa y OBOM Mepuofdy obuyje pasHOBPCHO-
why. Kof roToBo CBYX TMMOBa 3rpafa Ha NMpBOM MeCTy ce
13ABaja yrnoTpeba KOHTAKTHYIX TEPMOM30aLMOHNX dacas-
HUX CUCTEMa, Ca 3aBPLWHMM TaHKOCIOJHUM ManTepoMm.
11360p OBaKBOT HauviHa MaTepwjanyisaLmje, OCUM y moTpe-
61 vcnyrbaBarba 06aBE3HMX YCIOBa eHepreTcke eduKac-
HOCTW 3rpafia, Nexu npe CBera y penaTuBHO jeaHOCTaB-
HOM TEXHOSOLWIKOM MOCTYTKY, anu 1 1U3y3eTHO NOBOJSBbHIIM
EKOHOMCKVM KapaKTepyrcTMKama cucTema. 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

w1212 S 15 (@) ormana dacans

mn3-vpes  EE——— 2

contact fagade system %

wna-ypes R 3 . ocrane obnore %
wns—ypes 2 other cladding %

3rpafda. Moxe ce pehn ga oBv dacagHu cucteMn npef-
CTaBrbajy OCHOBHO Obenexje nepviofa. Fbuxosa npume-
Ha, y BehOj 1AM Marb0j Mepy, MPUCYTHA je Ha rOTOBO CBUM
3rpafiama aHanusmpaHor neprnopa, 6es 063upa Ha To Aa nn
ce pagv o npeoenahyjyhem T1ny 3aspLHe obpage vnm o
NOjeAVHaYHNM AEKOPATVIBHVIM €NTeMEHTMA.

Moxe ce pehu aa je npumMeHa HaBeAeHNX eKOHOM-
CKM WCIaTUBMX Mofena MaTtepujanm3aumje dacagHmx
MOBPLUMHA Y BENVKOj MEPW MOTUCHY A NPUMEHY Tpaaw-
LMOHANHMX TEXHWKA ManTepucarba (MNeMeHnTn Mante-
pV, BELUTAUKM KameH) 1 obnararba OMeKoM ¥ KaMeHOM.
FbrixoBa ynotpeba ce capa Besyje y Hajgehoj mepw 3a
EKCKIy3VBHE MOPOAMYHE 3rpafe WM 3a CnopaguuHe
[eKopaTVBHE MapThje Ha BULIENOPOANYHMM 3rpajama.
[Nopef TOra, 3Ha4ajHo je MOMeHYTV Aa je NpuMeHa Gacaa-
He onekKe, Kao MaTepwjana Koju je y Benvkoj mepu obene-
MO MPETXOAHE Nepuoe, CBE Matbe NPUCYTHA, a ia FeHO
MeCTO 3ay3VMajy JeKOPaTBHU KEPaMUYKL eNeMeHTH Y

[unjarpam 4. - bpoj 1 reomeTpuja NPO30PCKMX OTBOPA
no TMNOBMMA
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wn4-types | N
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[Onjarpam 5. — Matepujan Npo30pCKMx OKBMPa
Mo TMNOBMMa
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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%)

focTa oTBOpa (>50%)
high window-to-wall ratio (>50%)

[10CTa 0TBOPa (NPO30pCKe Tpake)

100% high number of openings (window ribbons)

Diagram 5. - Window frame material
per building types

ApBo
wood

mBL
100% PVC

ANYMUHWjyM
aluminium
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NMMTaLM oneke. Y caaejcTBy ca TepMOM30IaUMOHMM
dacagHVM CMCTEMIMA, OBM EKOHOMCKM MCMNATUBK Cypo-
raTv Hanase yecty NPUMEHY He CaMO Ha BEIMKMM BULLIE-
MNOPOAMYHMM 3rpafamMa, Beh 1 Ha MakbM NOPOANYHIM
3rpagama.

Ocnm nprmeHe GacaHVX TePMOV30NALUMOHNX CUCTe-
Ma, BeSIMKa Pa3HOBPCHOCT MOHY/E TPXKMLLTA CaBPEMEHMX
rpaheBMHCKMX MaTepwjana AOHOCK cBe Behy mpumeHy
[eKopaTNBHYX dacafiHVX obrora of MaTepujana Ha 6asu
MeTana, nnacTvke, ApBeTa, Grbep-LemeHTa, KepamuKe.
PeanzoBaHu y CUCTeMy BEHTUNIMCaHWX dacaHVX 0bno-
ra, OB Matepujanu Hajuelwhe Hanase npuMeny Ha BuLIe-
NOPOAMYHMM 3rpagama.

Kapa cy y nutarby npo3opckn oteopu, rotoso 100%
3rpaja je peann3oBaHoO Ca NojeAMHaYHUM MPO30PCKIM
OTBOPVMA, MOCTaB/bEHUM Ha Marbe of 50 % dacane. OBo
je cnyyaj kop oKko 90% 3rpaja, WTO Ce HaYeTHO MOXe TyMa-
unTK NOTPebOM 3a OMLITOM PaLVOHaNM3aLMjom TomIoT-
HUX rybuTaka TEPMUYKOT OMOTaua, anv U NpPOMeHsEeHVIM
CTUNCKMM KapakTepWCTMKamMa HOBUX 3rpafa. [locebHy
CneundUUHOCT NpPeACcTaB/ba roTOBO MOTAYHO OACYCTBO
MPO30PCKMX TPaKa (3acTynsbeHe ca ceera 1%), Koje cy y
npeTtxoaHum neproamnma (1961-1970 1 1971-1980) npen-
CTaB/basie NPEeNO3HAT/bMB eNIEMEHT aPXUTEKTOHCKOT 13pa-
33 KOA BMLIENOPOANYHIX 3rpaaa. ANCONyTHO AOMUHNPAjY
3rpage ca nposopuma of MBL-a (87%), Aok Cy 3HATHO
Marbe 3aCTyr/beHe 3rpafe ca NPo30puMa Of anyMUHWjy-
Ma (10%), onHocHo apeeTa (3%).

anIMeI-bEHI/I TEPMO-TEXHNYKN CNCTEMU

Y cknagy ca HeAaBHO yBefeHUM mepama y obnactu
eHepreTcke eprKaCHOCTY y 3rpajama, BeMKa Naxkka ce
nocsehyje n36opy v peanm3aumjn OCHOBHWX U AOMYHCKNX
TEPMOTEXHUUKIMX CUCTEMA 3a rpejabe 1 xnahere 3rpada.
[pyMeTHa je TpaH3MuWja Ka HOBMM CUCTEMMUMA KOjU Cy
[OHe[aBHO 61K NOTMYHO CTPAHM Ha AOMaNeM TOXNLLTY.
Ha npBom mecTy ce paan O eHepreTcky eduKacHUM
CUCTeMMMa 3a rpejarbe 3rpafia, Koju obyxsaTajy npume-
Hy edrKacHMX KOTNOBA 3a rpejarbe PasnnunTM BpPCTama
eHepreHarta (rac, nener, jpBHa Ceyka), CaBpemeHe cucte-
Me perynauvje, kao v cse sehy mpuMeHy TOMNOTHUX
nymMnu. 3a Ja’bUHCKE CUCTeMe rpejakba yobuuajeHo 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

NOCTaB/batbe KanopmnmMeTapa y3 Hamnaty rnpema nortpo-
WHbM CBaKOr noTpowava. lopes 0B1x OCHOBHMX CUCTe-
Ma, cBe Behy MprMeHy Hanase M MHTErpucaHn cucTe-
MW MpUNpemMe CaHWTapHe Torie Bode Ca CUCTeMMMa
rpejarba, OK Ce CONapHW KOMIEKTOPW oL YBEK jaBrbajy
CNOpPaanyHo.

MopoanyHe 3rpage y Hajsehoj Mepw vmajy MHCTa-
JIMpaHe LeHTpanHe cucteme rpejarba, a Ha OBaj HauuH
ce rpeje 70% pomahuvHcTaBa. Hekafa AOMMHaHTaH
CUCTEeM JIOKAIHOM 3arpesarba NpocTopuja nojeauHay-
HUM ypebhajima, capa je 3acTynsbeH Kog ceera 25% 3rpa-
na. MaprnHanHy 3acTyn/beHOCT MMajy CUCTEMM ETaxHOr
(49%) v parbMHCKOT rpejarba. Haj3acTynsbenunjn eHepreHT
je opBo, Koju ce kopnctn kog 40% 3rpaga, a NoTom cneje
rac (24%), yrame (20%) v enektpuuHa eHepruja  (16%).
Mpvnpema caHVTapHe TOmne BOAE MyTem JIOKaHMNX
ypehaja (enekTpuuHu 6ojnepw) 1 fasrbe je AOMUHAHTHA 1
npuCyTHa je ko rotoso 80% 3rpaja.

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

4%

Ownjarpam 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

. Na/bUHCKO
district
eTaxHO
wood fired

. NOKanHo
local

Diagram 7. - Representation of heating systems
in multifamily buildings

. LeHTpasnHo

central

. NarbUHCKO
district
eTaxHO
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 nopgjefHaKy 3acTyrbeHOCT MMajy eTax-
HY (24,5%), OIHOCHO NOKanHKM cucTemn rpejarsa (21,5%).
LleHTpanHmn cnctemun rpejarba Cy 3acCTyrybeHn ca cBera
14,5%, LWITO Ce y TPeHYTKY NOAM3aHa eHepreTcke edurkac-
HOCTW 3rpafia 1 TeHAeHUMja Ka edrKacHMUM — eHepreT-
CKM HE3aBWMCHMM 3rpafiama Moxe CMaTpaTtyi Camo Kao
TPEHYTHO CTarbe. Kao 1 Kof MOPOLAMYHMX 3rpaja v OBhe
je Haj3acTyrubeHnja npunpema caHuTapHe Tore BOoAe
nyTem nokanHvx ypehaja (enektpuuHu 6ojnepw), Koju cy
APUCYTHM KO Yak 90% mn3rpaheHnx 3rpaga.

TunnyHe 3rpage 1 rXoBe KapaKTepUCTHKe

MpvKyn/beHy Nofaum ykasyjy Aa Cy TOKOM aHanvsu-
paHor neprofa rpaherv nopoanyHm cnoboaHoctojehe n
3rpage y Hi3y, Kao 1 BULLenopoanyHe cnobogHocTojehe
3rpaje, 3rpaje Tvna namena W 3rpage y OKBUPY rpaj-
CKOT HM3a. Kao 1 y NpeTxogHoM nepurogy, 3abenexeHo
je moTnyHO OACYCTBO 3rpafa BMCOKE CMPaTHOCTN—CONMM-
Tepa, Mafia Ce TakBa CUTyauwmja Moako merba. Kao wrto
je Beh peueHo, akTyenHOM M3MEHOM MaHCKe AOKYMeH-
Tauvje 3a nogpyuje beorpaga, NoHOBO ce A03BO/baBa
M3rpadHa BMCOKMX 3rpafa Ha ofpehernm nokauwvjama,
a tbMxoBa peanusauumja je noyena Tokom 2016. rognHe y
CKAIONy PafloBa Ha ypehery 1 13rpagrert CaBCKor Npuo-
6arba, y OKBMpPY npojekTa beorpag Ha Boauw. CTaTncTmy-
KOM aHasIM30M NMOCMaTPaHor Y30pKa, y CMUCITY mpoBepe
OCHOBHMX YPBAHUCTUUKO-apXUTEKTOHCKIMX KapaKTepmnc-
TVIKa 3rpaga Koju cy aeduHmMcaHn HauvoHanHoM TMno-
nornjom ctambeHvx 3rpaga Cpbuje, n3splueH je 13bop
KapaKTepUCTUYHKX NPeCTaBHYIKA 3a AedrHMCaHe TUMo-
Be 3rpaja. VI3ysetak npeAcTaBsbajy NOPOAMYHE 3rpaje
y HM3Y, 33 Koje Huje AeduHUCAH TUNMYaH NPeaCTaBHYIK,
Byayhu fa ce paau jako manom 6pojy OBaKBMX 3rpasa
(Fomx cBera 35), KOjW' Y YKYMHOM Y30pKY 3ay31majy 13y3eT-
HO Manu NpoueHTyanHu yaeo, 0Baj TUN 3rpagda Huje y3et
Y Rajby paspapy.

Y CKnagy ca MeTOLOMOWKMM NOCTYNKOM fedurHumca-
HVIM MPUANKOM M3paae HaumoHanHe Tmnonoruje ctamoe-
HVX 3rpafa Cpbuje, KOjUM Ce 3a CBaKM TWM 3rpaja 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 Y HY3y
freestanding freestanding lamela in a row
cnpaTHocT M (M+Mk) M+2 vnn M+3 [+6 nnn M+6-+1K([Mec) M+4 (M+3+Mc) nnu
number of floors Gf (Gf+Lo) (M+2+k) 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)
HauymH Kopuwherba Nprzemsba CTaHoBatbe nopjeaHako npeosnahyje npeosnabyje
ground floor use residential CTaHOBakbe 1 nocnoBarbe nocnoBarbe
nocnoBarbe dominant commercial | dominant commercial

equal share of
residential and

commercial
yKynaH 6poj ctaHoBa 1 12-22 22-40 15-25
total number of apartments
6poj cTaHoBa MO eTaxu 1 35 4-6 35
number of apartments per floor
pa3syheHocT ocHoBe KOMMaKTHa 1im KOMMaKTHa 1in KOMeKcHa KOMMaKTHa 1in
building layout pasyheHa pasyheHa complex pasyheHa
(paBHOMPaBHO) (paBHOMpasHo) (paBHOMPaBHO)
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

HauMH Kopuwherba NOTKPOBHON NPOCTOPa
attic space use

TaBaHCKM NPOCTop
attic

KOpWCTY Ce 3a
CTaHOBate
used for living

KOpWCTY Ce 3a
CTaHOBatbe
used for living

KOPWCTH Ce 3a
CTaHOBatbe
used for living

NPO30PCKM OTBOPU

Marbe nojenHayHmnx

BULLIe/Marbe

BULLEe/Matbe

BULLE NOjeANHAYHMIX

window openings oTBOpPa nojeArHaYHKX OTBOPa | MOjeAMHaYHKX OTBOPa | OTBOPA
less individual more/less individual more/less individual more individual
openings openings openings openings
marepujanmsanmja Npo30PCKMX OKBKPa 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

13abpaH npuvepn
selected examples
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AeduHMCaTV NO jeflaH KapakTepmcTUYaH NpeAcTaBHUK
-TMnuuHa kyha, y3 bnare Bapwjauuje apxXUTEKTOHCKIX
napameTapa, Kao WTO Cy CNPATHOCT, YKyNaH 1 NpoceyaH
6poj cTaHOBa, 0ONMK OCHOBE, OAHOCHO efleMeHTN MaTe-
pujann3auuje dacafHyx NOBPLWMHA, ofpeheHr Cy OCHOB-
HV KapaKTEPUCTUYHM NPeACTaBHUUM 33 YeTrpu TMna
3rpafa, Kao U HIXOBW BapWUjaHTHM MojaBHKU obnvum. Ha
OCHOBY PENEeBAHTHMX APXUTEKTOHCKMX KapakTepuCT1Ka
3rpaga rpabenwvx y nepviogy of 2013. naeHTMnKkosaHm
Cy ,MOA€eNCKe 3rpage” Koju, No CBOjJUM KapaKkTepuCTMKa-
Ma, HajnpubnVKHUje penpeseHTyjy AeduHNCaHe TUNoBe.
Mpernen peneBaHTHUX apXUTEKTOHCKMX KapaKTepucTu-
Ka Mo TMNOBKMMa NpuKasaH je y Tabenn 5.

YNopeaoHOM aHanM30M OCHOBHMX KapakTepuCTuKa
TUNWYHMIX 3rPpafa, ca NPOCEYHNM BPEAHOCTMMA NMOCMa-
TPaHOT Y30pKa, yTBPHeHO je fa ce y Hajsehoj mepn nogy-
napajy, Kafia cy y nuTarby Opoj eTaxa, TUM KpoBa, HaumH
Kopuwhera NOTKPOBHOI NPOCTOPa, TN dacafHVX OTBO-
pa, Kao 1 MaTepujanusaumja dacagHor omotada. OacTy-
narbe Of MPOCEYHMX BpefHoCTV yTBpheHo je y norne-
Jly YKyMHOr 6poja CTaHOBa ¥ 0bMka OCHOBE 3rpaje, LWTo
yKasyje Ha Pa3HOBPCHOCT Y30pKa ¥ pa3nnumnte NpocTop-
He KanauuTeTe napuena Ha Kojuma ce rpagu. AHanm3om
TUMWYHVIX BPEAHOCTM NpKKasaHux y Tabenn 5, Takohe je
yTBPHEHO [ia Yy OKBMPY MOjenHauHNX TMNOBa Hema Ben-
KVX OACTYMarba MO OCHOBHMM KapaKTePUCTUKaMa, LUTO
BOAM M300pY CaMo jefHe ,Mofesicke” 3rpaje 3a CBaku
neduHMcaHy Tin. Marba ofcTynarba MpumMeTHa Cy Mo
NuUTarby CNPaTHOCTY, anu ce Konebarba ofBujajy Y pacro-
Hy OA jefiHe eTaKe, LUTO Ce, Ca acnekKTa carnefaBatba yKyn-
HVX KapaKTepUCTVKa MOLENCKE 3rpaje, MoXe CMaTpaTu
npenesaHTHUM. C apyre cTpaHe, Hajseha ofcTynarba Besa-
Ha cy 3a 6poj cTambeHnx jeavHwLa No 3rpaamn, OAHOCHO
eTaxu. C 0631MpOM Ha Mana oAcCTynarba y norneay cnpar-
HOCTYW, OBa AMCIPOMNOPLMja je NMPBEHCTBEHO Be3aHa 3a
BEIMYUMHY 3rpaje, an 1 3a CTPYKTYPY W NOBPLUMHY CTaM-
6eHNX jeamHMLa Koje yTudy Ha YKYNHO OCTBapeHu 6poj
CTaHoBa Y 3rpaan. Vimajyhwu y Buay fa ykynaH 6poj ctaHo-
Ba HE yTWue 3HATHO Ha HMBO eHepreTcke edrKacHOCTY
3rpage, OBa KapakTepucTnka He npeacTaB/ba NpecynaH
napameTap y NocTynKy 13bopa MOAENCKYIX 3rpaja.

Y cnyyvajy 3rpaga HamereHvx MOPOAMYHOM CTaHO-
Batby, Kao TWUMMuUaH 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

3rpaga (Tvn 1) m3abpaHa je 3rpama 6naro pasybeHe
dopme, ca Nprzemsbem Koje ce KOPUCTH UCKIbYUMBO 3a
CTaHOBatbe. 3rpafa je 6e3 nogpyma. KposHa nospluvHa
je n3BeAeHa y GopMUM CIIOXKEHOT YETBOPOBOAHON KPOBa.
(Macafa 3rpaje je ManTepmncana, a Ha Hoj ce Hanasmn Mann
6poj nojeavHadyHmMx MBL| npo3opa (3ay3vmajy penatue-
HO Many MoBPLKHY Ha dacaaw). OcumM BoyMeHa rapaxe,
KOjM je HerpejaH, Leo KOpWCTaH NpocCTop ce rpejeLieH-
TPaNHUM CUCTEMOM Fpejarba, Ca HUCKOTEMMEePaTyPHUM
KOTIOM Ha 3eMHM rac. Y 3rpagv He NOCTOjW LEeHTPanm3o-
BaHa NpWNpemMa CaHWTapHe Tonne BoAe.

KoZ BMLLENOPOANYHOT TUMA CTaHOBAH:A, KAO TUMMYaH
npeacTaBH1K cnoboaHocTojehwx 3rpaga (Tvn 3) nsabpa-
Ha je 3rpafla KOMMaKTHe, braro 1u3ay»keHe OCHOBE, Ca UeTw-
pv HagzemHe kopucHe etaxe (Mp+3). Y nprsemiby 3rpage
CMelTeHe cy CTambeHe jenHMLEe, ONHOCHO TeXHUYKe 1
nomohHe npoctopuje 3rpafe. KpoBHa NoBpLUKHA je 13Be-
feHa y GopMUM MIUTKOT KOCOT KPOBA (TEXHWYKM KPOB KOjU
Hema ynoTpebHy BpeHOCT). Y 3rpaau je CMeLITeHO YKyn-
HO 15 cTamberux jeamHuua. Gacaga 3rpage je mantepuc-
aHa y cMCTeMy KOHTaKTHe TepmMomn3ooBaHe dacaje, a Ha
HbOj Ce Hanasw Manun 6poj NojeAnHauHKX Npo3opa nspahe-
Hvx og MNBL, npoduna (3ay3vmajy penatmeHO many nosp-
WWHY Ha dacaaw). 3rpafa ce rpeje UeHTPanH1mM CUCTEMOM
rpejarba, ca HUCKOTEMNEepPaTyPHUM KOTIOM Ha 3eMHM rac.
Mprnpema Tomnne Bofe NoBe3aHa je ca CUCTEMOM rpejarba
1 0baB/ba Ce LeHTPanM30BaHo.

Koa 3rpaga tina namena (Tun 4) wnabpaHu npea-
CTaBHMK MIMa KOMMAKTHY OCHOBY 1 OCaM KOPVICHWX eTaxa
(Mo+Mp+6-+T1c). Mpurzemsbe 3rpaje je HameHeHO MNOCOB-
HUM 0enaTHOCTMMA, AOK CY HaA3eMHE eTaxe U1 MoByYe-
HW CNpaT Hamer-eHW CTaHoBarby. Jlamena je feo sehe
LenvHe y Kojoj Cy mpusemHe naptuje, y Hajgsehem 6pojy
CrlyyajeBa, HamerbeHe MOCIOBHUM NPOCTOPKMA, LOK CY
NOAPYMCKe eTaKe HaMehbeHe MapKvparby. Y 13abpaHoj
3rpagun CMELITEHO je YKYMHO 45 cTambeHVx jeanHnua, ca
5-7 cTtambeHnx jeamHuLa no eTaxkn. OacTynarba y OKBW-
Py KapakTepucTvKa MpukasaHux y Tabenn 5 BesaHa cy
33 YKynaH O6poj CTaHOBa Y 3rpaan, OGHOCHO 33 MpoceyYaH
6poj cTaHoBa Mo eTtaxun. OBO je MPBEeHCTBEHO pe3ynTaT
n3rpadrbe 3rpafe ca Behum 6pojem CcTamOeHVX jeanHu-
La, OAHOCHO ca Behum Bpojem Marbkx CTaHoBa rpahe-
HIX 3a TRXKULLTE, LUTO Y NOC/eHe Bpeme nocTaje roToBo
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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
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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
bacanw). 3rpafa ce rpeje aarbMHCKUM CUCTEMOM rpejarba
(bocunHa ropwvga), y3 nojeanHauHy perynauujy Tornaore
TEPMOCTATCKMM BEHTUANMA W HANaTy Npema NOTPOLLHM.
lNpunpema Tornne BoAe NOBE3aHa je Ca CUCTEMOM rpejarba
1 0baBsba Ce LieHTpanv3oBaHo.

Kao npenctaBHMK 3rpaga rpahernx y okeupy rpag-
cKkor 6noka (Tun 5), n3abpaHa je 3rpaaa 6naro pasyhe-
He OCHOBe, ca neT kopucHux eTaxa (Mo+Mp+3+Mlc).
Mpusemibe 3rpage je HamereHO MOCAOBHMM Aenat-
HOCTMMa, [OK Cy Ha3eMHe eTake W MnoByyeHu cnpat
HamerbeH CTaHOBarby. Y 13abpaHoj 3rpagn CcMmellTe-
HO je YKynHo 18 cTambeHux jefnHnLa, ca 4-5 cTamoeHnx
jeavHMUa No eTaxw. MNocebHy KapaKTepuUCTHKY 13abpaHe
3rpage uYmMHe NPOCTOPU HaMer-eHV MOCIOBHMM [enat-
HOCTMMa, KOjW CYy, Yy CKJIOMY MpU3EMHE eTaKe BenuKe
BMCMHE, OPraHm130BaH y ABa H1BOA (Mpu13emsbe ca rasne-
pWjom), WTO je yecTa nojasa y osom nepmogy. Pacasa
3rpafe je peann3oBaHa KOMOMHALIMIOM TpaguLMOHaHe
MantepucaHe dacazie (BeWTauky KameH) 1 caBpemeHor
TVNa ManTeprcaHe KOHTaKTHE TepMOM30oBaHe dacage.
Mpo30opw Cy of anymMmUHUjyMa 1y GOpMK NojearHaYHNX
OTBOPA 3ay31Majy BennKy NMoBpLIMHY Ha dacaaw. 3rpaga
ce rpeje AarbUHCKNM CUCTEMOM rpejakba (GocKnHa ropu-
Ba), Y3 NMojeivHauHy perynauujy TonnoTte TePMOCTaTCKMM
BEHTMAMMA W HannaTy npema noTpouwru. Mpunpema
ToMne Bofie MOBe3aHa je ca CUCTEMOM rpejarba M 00aBba
Ce LieHTpanm3oBaHo.

MpeanoxeHe Mepe eHepreTcke caHaumje

HakoH carnefjaBarba MaTepujanHUX W TepMuny-
KMX KapaKTepuCTVKa M3abpaHe 3rpade 1 yTBphrBarba
HVBOA HbUXOBe eHepreTcke edukacHoCT, dopmMmpa-
HW Cy Npeano3u 3a eHepreTcka yHanpehersa. Mpeano-
XeHe Mepe eHepreTcke caHaluje CTPyKTypupaHe cy y
[1Ba HMBOA npema ObVIMYy U MHTEH3UTETY MPemSIOKeHNX
pafoBa ¥ OAHOCe Ce Ha MoTeHUMjanHe rpaheBrHCKO—
TEXHNYKE MHTEPBEHUMjE Ha NojeauHauYHIM 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 Bugy aa cy cee 3rpage rpabe-
HW Yy nepuogy of 2013. 0CTBapUIN MUHUMANTHO TPaXeHM
HMBO eHepreTcke edUKaCHOCTW, OAHOCHO Aa Npwnagajy
Hajmarbe “C" (naTnHnYHO L) eHepreTckom paspesy y ckia-
ay ca MpaBunHuKom,'? npeanoxeHe mepe yHanpehera
Texe MOCTM3aky OMTUMANHUX, OAHOCHO MaKCMMan-
Ho Moryhux yuwTena, 6e3 obaBe3e npenacka y HapeaHu
eHepreTckn paspea. Y TEXHWUUKOM CMUCIY, Npeanoxe-
He VHTepBeHUMje y 0ba HMBOA yHanpehera 00yxBaTajy
rpaheBrHCKke Mepe KojMa Ce MHTEPBEHMLLE Ha TepMMY-
KOM OMOTauy 3rpajie, Mepe Kojima ce NobosbliaBa CUCTEM
rpejarba, Kao 1 mepe Be3aHe 33 Nobosbllarbe CncTema
npunpeme Tonne Boge.

lpaheBUHCKe Mepe

MpBM HWBO yHanpeherba nNofpasymesa ONTVMAN-
He Mepe MHTepBeHVCarba Ha efleMeHTVIMa TepMNYKOr
omoTayYa, y CMUCY CTaHOAPAM30BaHMX, Ha TPXKALWTY
LOCTYIMHUX 1 NaKo M3BOASBUBIMX Mepa Koje He 3axTeBajy
Benvike rpaheBrHCKe MHTepBeHUMje, a Kojuma ce nocTu-
Xy 3HaTHe ywTefe noTpebHe eHepruje. [NpeanoxeHe
Mepe noapasymMeBajy yrpaaky eHepreTcku eQuKacHmjnX
Mpo30pa ¥ CNosballkbKX BpaTa y OAHOCY Ha noctojehe,
Ca MVHVMANHUM KoedULMJEHTOM MPOMas3a TonnoTe Of
1,1 W/m?K. Mopeq Tora, npeasrheHa je yrpagra aonat-
He TepmMou3onauvje y MUHUMaNHoOj AebrbnHn o 8 cm
(y3umajyhn y 003Mp KapaKTepucTuKe CTaHAapaHWX
TePMOM30MaLMOHKX MaTepujana) Ha Ckionose GacaaHnx
3100Ba, MeNyCnpaTHe KOHCTPYKLUMje M3HaA W/WMAn NCMOA
HerpejaHnx npoctopa, KOHCTPYKLUMje 1M3HaL OTBOPEHMX
NPOCTOPa, Kao 1 KOCe KPOBHE KOHCTPYyKUMje. Y Luby
334pXaBarba 3aTeUeHOr HMBOA MPOCTOPHOr KOoMdopa
3rpage (KopvcHa MOBPLWMHA MPOCTOPMja) HUCY Npea-
nlaraHe VIHTepBeHUMje Ha yHyTpalwryM 3MAOBMMA Ka
HerpejaH1mM NPoCToprMa (OCKMM KOZ 3rpage NOPOANYHOT
CTaHOBAabA).

[pyrn HWBO yHanpeherba TeXK NMOCTM3akby MaKCU-
ManHo Moryhux yluteaa, npMMEHOM MHTEPBEHUM]a Koje
Cy npunaroheHe KapakTepmucT1MKama NnocmaTpaHe 3rpa-
[ie Kao WTo cy daKTop 0bnMrKa, NpouUeHTyanHo yuewhe
npo3opa Ha (acagHoj MNOBPWMHY, nNpeosnahyjyha
maTepujanvaumja dacaga, CTPyKTypa MojefmHauHnx

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 HajedrkacHmjux Npo3opa (ca CTaH-
[1apOM 3a NacuBHe Kyhe) 1 crnosballitbx BpaTa AOCTymn-
HVIX Ha TPXULLTY, Ca KoedunLMjeHTOM Nposasa TonaoTe of
0,8 W/m?K, kao 1 yrpaamby aebsbix cnojesa TepMoun3ona-
umje y NojeAvHaYHMM CKIOMOBMMA TEPMUYKOT OMOTaya.
MpakTyHO, OBMM HKBOOM YHanpehersa je npeasubhe-
Ha yrpafra fodatHyx 12 cm TepMoKn30naumoHor marte-
pujana Ha cknonose dacafHWx 31AoBa, mehycnpatHe
KOHCTPYKUMje M3Hag W/Vnn UCNOA HerpejaHux npocTto-
Pa, Kao M KPOBHE KOHCTPYKLMje (KOCK 1M PaBHW KPOBO-
BM). VIHTepBeHUMje Ha YHyTpallhbiM 31A0BMMA Npema
HerpejaH1M NpoCTOPMMa HU Y OBOM HMBOY YHanpehersa
HYCY NpeaBvhaHe.

Mepe yHanpehera cuctema rpejarba

YHanpeherbe cnctema rpejarba pa3maTpaHo je ncto-
BPEMEHO Ca MaHVpaHUM yHanpeherima eHepreTckimx
npedopmaHcK TepMUUKOr OMOTava 3rpage. Mmajyhu y
BMAY OCHOBHM TWM 3rpage (MOPOAVYHM WY BULLEMO-
POAVYHW), BENWKY PA3HOMMKOCT Yy nornegy yrpaheHux
cucTeEMA rpejarba, Kao M BPCTe eHepreHata Koju cy y
ynoTpebu, aedunHmncarbe Moaena obHose v yHanpeherba
CcUCTEMA TPejatba 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 cMUChy npeasuheHa je yrpagrea TOMIOTHE mymne
cMcTeMa BasAyx-BoAda, Ca eNeKTPUYHOM EHEPrijoM Kao
OCHOBHWUM €HEepPreHTOM 1 BUCOKMM CTEMeHOM WCKO-
puwhera cnctema (N=3). Y Apyrom HMBOY yHanpeherba
npeanoxeHa je yrpadkba HOBe, HajcaBpemeHumje onpeme
LOCTYMHE Ha TPXKMLUTY, Y OBOM CJy4ajy TOMIOTHE nymne
Y CUCTEMY 3eM/ba-BOAA, Ca V3y3€THO BUCOKMM CTEMEHOM
nckopuwhera cuctema (n=4,5).

Kon BMWENnOpOAMYHMX 3rpafa OCHOBHA Pasnnka y
npucTyny je BesaHa 3a noctojehe cucteme rpejarsa. Kog
3rpaga koje umajy yrpahere LeHTpanHe cucreme rpejarba
y NPBOM HMBOY YHanpehera NpeanoxeHa je npomeHa
CUCTEMA 1 eHEPTeHTa, Y3 Yrpaarby epuKacHujer LeHTparn-
Hor cucTema. MNpeasrhena je yrpagHa TonnoTHe nymne
cMcTeMa BasAyx-BoAda, Ca €NeKTPUYHOM EHEpPrjoM 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 HMBOY yHanpeherba
NnpeaokeHa je yrpafrbe HOBe, HajcaBpemeHuje onpe-
Me [OCTYMHEe Ha TPXULWTY, Yy OBOM Ciyyajy TOMNOTHe
nymne y CUCTeMY 3eM/ba-BOA3, Ca M3Y3e€THO BUCOKMM
cTeneHoMm uckopuwhera cuctema (nN=4,5). Koa 3rpa-
[la Koje Cy MPUKIbYYeHN Ha AalbUHCKe ChCTeme rpejarba
(TonnaHe), NpeanoxeHe mepe BesaHe Cy MpPBeEHCTBe-
HO 3a yHanpeherba Ha HMBOY Camor mpoleca npunpe-
Me U OuCTpubyumje Tornne Bode. Y TOM CMUCITY Mepe
npeasviheHe y NMPBOM HUBOY YHanpeherba ce ofHoce
Ha Npenasak Ha Aa/bUHCKe CUCTeMe Ca KOoreHepauujom
TONNOTe, Y3 yrpadky TEPMOCTATCKMX BEHTWMA W Hamnna-
Ty npema MoTpoWwrbK. Y APYrom HWBOY YyHanpehetba
npeasvheH je npenasak Ha BUCOKOedpMKaCcHe farbUH-
CKe C1CTeME KOjU KOpUCTe reoTepMasHe noteHuvjane, y
OBOM C/lyyajy TOMAOTHE Nymne y cMcTeMy BOLa-BOAa, Ca
BVCOKWMM CTEMeHOM UcKopyiwherba cucTema.

Mepe yHanpehera crctema nprinpeme Tonne Boge

AHann3om y30pKa, yTBpheHo je aa ce Kopg Befmkor
6poja 3rpafa npunpema Tonne BoAe W farbe 0baBiba
NOKANIHO, OHOCHO MyTEM MOjeAVNHAYHMX eNeKTPUYHMX,
akyMynaumMoHux v pehe npotouHux bojnepa. Ca apyre
CTPaHe, ¥ OAHOCY Ha MPEeTXOofHe nepuope, NMpUMeTaH
je nopacT 6poja 3rpafa KoA Koju ce mpunpema Tonne
BoAe 0baB/ba LEHTPANM30BaHO, y CadejcTBy Ca OCHOB-
HUM CucTemMMMa rpejarba 3rpage. OBakeu ,yHanpeheHu
cmcTemn” MPUCYTHU Cy MOAJEAHAKO Kako KOA MOPOAWY-
HWX TaKO W KOA BULIENOPOAMYHMX 3rpafa. oTeHumjanHa
yHanpeherba c1cTeMa Npunpeme Tomne Bofe 1ckasaHa Cy
KpO3 AiBa HMBO3, a NPeLJIoKeHe NHTepBeHLMje Cy ycknahe-
He Ca Mepama yHanpehetba crcTema rpejarba y 3rpaan.

Kol 3rpafia KOA Kojux ce mpwnpema Tonfe Bofe
06aBsba IOKANHO, MPBUM 1 APYTMM HUBOOM yHanpeherba
npeaevheHa je yrpagka HOBOI LEHTPasHOr CuCTeMa
npvnpeme Tom/e BOAE NOBE3aHOT Ca CUCTEMOM rpejarba.
Kog 3rpaga Koje, npema noctojehem cTarby, MMajy yrpahe-
HV LIeHTPanHu cUcTeM nNpunpeme Tonne BoAe, Npeao-
XeHe mepe yHanpehersa nofpasymeBajy MHTepBeHLuje
Ha noctojehem cuctemy MM yrpagky HOBOr—eduKac-
HVjer cuctema npwnpeme Tomse BOLEe MOBE3aHOr Ca
MNAHUPAHVM 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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X1
H1

CnobopgHocTojeha Kyha

E @60%
=, oo

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

36

CrambeHa 3rpaga 6naro pa3syheHe ocHoBe ca KOCUM
KPOBOM M3HaZ TaBaHCKOT MPOCTOpa. 3VA0BK Cy MaCUBHM
O[] NaKmx OETOHCKMX OS10KOBA, COSba OONOMKEHW KOHTAKT-
HUM TEPMOM30aLMOHNM GacafHUM CUCTEMOM Off CTUPO-
nopa (EMNC). Mpo3opw cy oa MBL| npoduna, ca Tepmonso-
NaUWMOHNM CTaKNOM 1 MAACTUYHMM CMOSbHUM "ecninHrep”
poneTHama. MehycnpaTHa KOHCTPYKUMja je NomyMOHTax-
Ha, Ca MCNyHOM of Wynsbrx 610KoBa. 3rpaaa je 6e3 noapy-
ma. CBe noswumje TepMUYKOT OMOTaua Cy 130/10BaHe.

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
KOPWCTW 3a CmellTaj BO3mna. KOHCTpyKuMja je 3uaa-
Ha OMeKapCKUM, NakMM OETOHCKMM 6NOKOBUMA, MK
OMneKoMm. TaBaHMUe Cy MOMYMOHTaKHe ca WCMYHOM.
KomnneTaH TepMm1UKKM OMOTaY je 13010BaH. PacagHu
3140BW Cy OONOXKEHM TEPMOM30NaUMOHUM GacagHMM
cuctemmma. fMposopu cy og MBL nnv anyMnmHmjyMCKimx
npoduna ca n3onaLnoHNM CTakInMa.

EHepreTcku paspep 3rpage — noctojehe crame

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

Qe %] Q. [kWh/(m?a)]
94 61
<15
<25
B <50
<150
<200
< 250
> 250
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Cknonoswu Tepmuykor omotava Elements of the thermal envelope

Cnosballitbn 3ug,

External Wall

U (W/m?*K)

31 Ka HerpejaHoMm
npocTopy

Partition wall
to unheated area

U (W/mK)

MNocTojehe cTare Present state

YHyTpa Inside
Cnorba 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 0.5 cm

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

mantep 1 cm, rac 6eToHckm 6nok 30 cm,
Tepmownsonauuja 8 cm, mantep 0.5 cm,
Tepmownsonaumja 8 cm, mantep 0.5 cm
plaster T cm, light weight concrete
block 30 cm, thermal insulation 8 cm,
plaster 0.5 cm, thermal insulation 8 cm,
plaster 0.5cm

YHanpebhetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

mantep 1. cm, rac 6eToHckm 60k 30 cm,
Tepmousonauuja 8 cm, mantep 0.5 cm,
Tepmowmsonaumja 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 0.5 cm

0.19 0.14 0.12
[} (9] (] [} [} (9]
° ° ° ° ° °
= g Z 2 = 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, Tepmovrzonauumja 5 cm, -
- Mantep 1 cm 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
KOHCTPYKLWja NCnoa
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

Tepmownsonaymja 15 cm,
JIMT TaBanmua 20 cm, mantep 2 cm

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

0.20

YHanpebherbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.20

X - nepvoa >2013 H - period >2013

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

Tepmownsonauymja 20 cm,
JIMT TaBanmua 20 cm, manTtep 2 cm

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

0.15

YHyTpa Inside

Cnosba Outside

Kepamvyke nnoumue 0.8 cm, LemMeHTHa
Kowwysbua 4 cm, MBL donmja 0.02 cm,
TepmMou3onalja 8 cm, GUTymeHcKa
xuapousonauuja 1 cm , 6etoH 10 cm,
wbyHak 10cm

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

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.26

YHyTpa Inside

Cnosba Outside

Kepammyke nnovuuie 0.8 cm, LemeHTHa
KoLwysbiLa 4 cm, MBL donuja 0.02 cm,
Tepmowzonaumja 13 cm, GuTymeHcKa
xvapousonauuja 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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Cknonoswu Tepmuykor omotava Elements of the thermal envelope

MNocTtojehe cTare Present state

[po3op
Window
[MBL ca TpOCn0jHMM M30AaLMOHMM
HUCKOEMUCHOHNM CTaKO-NaKeToM
NCNYHEHNUM VHEPTHUM racom
PVC, triple glazed low-E unit, inert gas filling
U (W/m?K) 1.18

YnasHa Bpata

Entrance door

U (W/m*K)

YHanpehetbe 1 Improvement 1

[MBLl ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMUCMOHMM CTaKNO-MaKeToM
NCNYHEHNUM VHEPTHUM Fracom

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

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHWjym ca TPOCNOjHUM
M30M1aLMOHNM HCKOEMUCUOHMM CTaKO-
NaKkeToM UCNyHeHNM MHEPTHM racom
Wood-aluminium, triple glazed low-E unit,
inert gas filling

0.80

[BL, Kpnno ca TepmMon3onaUrMoHoOMm
NCIyHOM

PVC, insulated leaf

113

MeTanHa, KpWo ca TepMOM30/1aLMOHOM
CMyHOM

Metal, insulated leaf

1.10

MeTanHa, KpWso ca TepMoM30/aLroHOM
MCyHOM

Metal, insulated leaf

0.80

Cuctemu rpejama n npunpeme tonne Boge Heating and hot water system

CwncTem 3arpeBarba
npocTopvja

Heating system

CreneH nckopuiwhersa
cucTema rpejarba
Heating system
efficiency factor

LleHTpanHu cuctem rpejarba,
HUCKOTEMMEPATYPHU KOTAO Ha 3eMHW rac

Central heating system, low temperature
gas boiler

LleHTpanHu cuctem rpejarba, TOMAOTHA
nymna Basgyx-8ofa

Central heating system, air to water heat
pump

3.00

LleHTpanHm cuctem rpejarba, TONNOTHa
nymna 3emsba-Boga

Central heating system, ground to water
heat pump

4.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

lNocTtojehe cTare Present state

EnexTpuury 6ojnep

Electric boiler

YHanpebherbe 1 Improvement 1

LleHTpanHm cuctem npunpemve
ToMnne BOAE NOBEe3aH Ca CUCTEMOM
rpejarba

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

X - nepvoa >2013 H - period >2013

YHanpehetbe 2 Improvement 2

LleHTpanHw cuctem npunpeme
TOMNe BOfie NOBE3aH Ca CUCTEMOM
rpejarba

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

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpehetbe 2

Improvement 2

[lonatHo n3onoBarbe dacaHMx 31[0Ba U 3110BA Ka HErpejaHoM MpoCTOpYy KOHTaKTHOM TePMOWV30MaLMOHOM dacafomM. Yrpastba HOBUX
npo3opa o4 NBL| npodwna ca TpoCcnojHNM 130MaLUMOHUM HUCKOEMVCUOHMM 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, CEPTUPMKOBAHIVM KaO KOMMOHEHTE 3a NacvsHe kyhe. ® Yrpafdrba LIeHTpanHor crctema rpejarba Ha 6asu
TOMNOTHE Nymne 3em/ba/BoAa. Yrpaatba LeHTPaHOr cucTema npunpeme Torne BOAE 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.
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YHanpehetbe TepMUUYKOT OMOTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *

MocTojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2
TonnoTHW ryéuum 30 30 30
enemMeHaTa TepM1UYKor
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

CneunduuHa roaniitba
noTpebHa eHepruja 3a
rpejarse

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

[kWh/m?/ year] %
EHepreTcku pa3pen

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/roguiirse]

[kWh/ year]

EHepreHT

- lac EnekTpryHa eHepruja EnekTpuyHa eHepruja

Fuel Gas Electricity Electricity

MNprMapHa eHeprija

Primary energy

3568 (39%)
[KWh]

5352 (58%)

Emncmja CO,

CO, emission

(ka] 0 50 100% 0 50 100%

36vipHe ywTene
NpPUMEHOM
rpaheBUHCKIMX U1
TEPMOTEXHNYKIMX Mepa

Overall savings
after refurbishment
measures

73% 81%
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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
610KOM 1 BETOHCKM, CNOSba OBNOXKEHN KOHTAKTHVM TEPMO-
M30nauMoHnM GacaHUMm cuctemom of ctrpornopa (EMQ).
Mpo3opwn cy op MMBL npodwna, ca TepMOU30NALIMOHVIM
CTaK/OM U MAACTUYHUM CMOSbHUM "eCiHrep” poneTHama.
MehycnpaTtHa KOHCTPYKLMja je MONYMOHTaXKHa, Ca UCMyHOM
oAl Wynsbix 6rokosa. 3rpaaa je 6e3 nogpyma. Mpurzembe
3rpaje je HamerbeHoO CTaHOBakbY 1 MOMONHKM NMPOCTOPWja-
ma. CBe No3wLmje TEPMUUKOT OMOTaua Cy M30/10BaHe.

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.

CnunuHe 3rpane

Similar buildings

3rpage cy 6naro pasyheHe ocHOBe, Ca pPaBHWM
NI KOCUM KPOBOM V3HaA MOTKpOBSba. [lpusembe je
Ca [enaTHOCTVMMa, a MOAPYM HaMerbeH MNapKuparby.
KoHCTpyKUWja je 3naaHa nnv apmMmpaHo beToHcKa. TaBa-
HULE Cy NONYMOHTaXHe Ca MCMYHOM Uiv apMupaHode-
TOHCKe. Lleo Tepmumukn omoTau je n3onosaH. Gacana je
0bnoXKeHa TePMOM30MALMOHUM CUCTEMIUMA, Ca AEKOPA-
TBHOM obnorom. Mpo3sopw cy MBL van anymmHmjymckm
Ca 30NaLMOHNM CTaKNMMa.

EHepreTcku pa3pep 3rpage - noctojehe crarme

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

Qe (% Q,,, KWh/(m?a)]
73 44
<15
<25
B <50
<150
<200
< 250
> 250
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Cknonoswu TepMmuykor omotava Elements of the thermal envelope

Cknonou TepMmykor omotava Elements of the thermal envelope

Cnosballitby 314

External wall

U (W/m?*K)

31 Ka HerpejaHom
cTeneHuwTy

Partition wall

to unheated staircase

U (W/m?K)
MehycnpatHa

KOHCTPYKLIWja 13Hag
OTBOPEHOT NpocTopa 1

Floor construction
to outside area 1

U (W/mK)

MNocTojehe cTare Present state

YHyTpa Insid
Cnorba 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

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnospa Outside

mantep 2 cm, Wwynsbu 6nok 25 cm,
Tepmownsonaumja 12 cm, mantep 0.5 cm,
Tepmonsonauuja 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

YHanpehetbe 2 Improvement 2

MebhycnpaTHa
KOHCTpYKUMja 13Hag
OTBOPEHOTr NPOoCTopa 2

YHyTpa Inside
Cnoma Outside

Floor construction
to outside area 2

mMantep 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

0.28 0.18 0.15

() [} (9} () [} [

© © ie] © ° o

< g < ‘05 < g

§ © § © g ©

= o > 2 > 2

T o I [e] I (o]

- s 5 5 U (W/m?K)

ManTep 2 cm, 6eToH 20 cm, HEMA N3MEHA HEMA N3MEHA Mebycﬂ paTHa
Tepmousonauuja 8 cm, mantep 0.5 cm - - .

- NO CHANGES NO CHANGES KOHCTRYKUWa ncno
plaster 2 cm, reinforced concrete wall 20 cm, HerpejaHor NpocTopa
thermal insulation 8 cm, plaster 0.5 cm _

0.36 0.36 0.36 Floor construction

YHyTpa Inside

Cnosba Outside

nammnHat 0.8 cm, LemMeHTHa KoLwysbuLa 4 cm,
IBL donwja 0.02 cm, Tepmom3zonauuja 2 cm,
JIMT taBanHwua 20 cm, Tepmomsonauwmja 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, Tepmowmzonalmja 2 cm,
JIMT TasaHumua 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

YryTpa Inside below unheated area

Cnosba Outside

U (W/m?K)
nammHar 0.8 cm, LemeHTHa KoLysbuia 4 cm,
IMBL| donmja 0.02 cm, Tepmowmzonaumja 2 cm, |_|O,EL Ha Tny
JIMT TaBaHumua 20 cm, Tepmom3sonalmja 20cm, _
mantep 0.5 cm, Tepmonsonaumja 12 cm,
mantep 0.5 cm

Ground floor

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

U (W/m?K)

lNocTtojehe cTare Present state
YHyTpa Inside

Cnosba Outside

nammHar 0.8 cm, LeMeHTHa KoLlysbumLla 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

Cnospa Outside

YHyTpa Inside

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

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

0.15

YHyTpa Inside

Cnospa Outside

Kepamuuke nnounte 0.8 cm, LemeHTHa
Kowysbuua 4 cm, MBL dponwja 0.02 cm,
Tepmom3onaywja 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

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnorba Outside

nammHat 0.8 cm, LleMeHTHa Kolwyrbuua 4

cm, MBL| donmja 0.02 cm, Tepmowzonaumja2
cm, JIMT taBaHumua 20 cm, Tepmousonauyja
16cm, mantep 0.5 cm, Tepmon3sonaumja 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

IMBL| donmja 0.02 cm, Tepmowzonaumja 28 cm,
JIMT TaBaHmua 20 cm, mantep 2 cm

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

0.11

YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

0.29

X - nepvoa >2013 H - period >2013

YHanpebhetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

nammHart 0.8 cm, LemMeHTHa Kowysburua 4 cm,
MBL dponmja 0.02 cm, Tepmonzonaumja2cm,
JIMT TaBaHuua 20 cm, Tepmom3sonaunja
16cm, mantep 0.5 cm, Tepmonsonauuja
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 0.5 cm

0.12

Cnora Outside

YHyTpa Inside

IBL donwja 0.02 cm, Tepmom3sonalmja 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)

MNocTtojehe 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
TEPMOU30MALMOHNM CTAKIIOM UCMYHEHUM
MNHEPTHUM racoM-MakeTom

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

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLVOHNM HCKOEMUCUOHUM CTaKO-
NaKkeToM 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
CMyHOM

Metal, insulated leaf

1.10

MeTanHa, KpWso ca TepMoM30/aLroHOM
NCryHOM

Metal, insulated leaf

0.80

Cuctemu rpejama u npunpeme Tonne Boge Heating and hot water system

CwncTem 3arpeBarba
npocTopvja

Heating system

CreneH nckopuiwhersa
cucTema rpejarba
Heating system
efficiency factor

LleHTpanHu cuctem rpejarba,
HUCKOTEMMEPATYPHU KOTAO Ha 3eMHW rac

Central heating system, low temperature
gas boiler

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

Cuctemu rpejatba v Npunpeme Tomne Boge Heating and hot water system

lNocTojehe cTare Present state

Cuctem npunpeme
Tonne Boge

Hot water system

LleHTpanHu cuctem npunpeme
TOM/E BOJjE MOBE3aH Ca CUCTEMOM

rpejarba

YHanpebherbe 1 Improvement 1

LleHTpanHu cuctem nprnpeme
TOMNe BoAe NoBe3aH ca CUCTemMoM
rpejarba

X - nepuopa >2013 H - period >2013

YHanpehetbe 2 Improvement 2

LleHTpanHu cuctem nprinpemve
Tonne Bofe NoBe3aH ca CUCTeMOM
rpejarba

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

Central supply with a domestic
hot water - DHW cylinder in
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

YHanpehetse 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
HUCKOEMWCMOHUM CTakno-nakeToMm. @  Yrpafra 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
130MaLMOHNUM HUCKOEMMCUOHMM CTaK/O-NakeToM, CEPTUGUKOBAHIM 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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YHanpehetbe TepMUUYKOT OMOTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *
MocTojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2

TonnoTHW rybuum 200
efnemeHata TepMUUKor
omoTaya 3rpage

200 200

180 180

(o)}
o

- 160 160
Heat loss through the

thermal envelope

=
S
=
S

140

180.
i 0
120 120 120
[W/K] B
100. 100. 100.
sol sol 8OI
60. 60. 6OI
40. i 40. i 40. i
™ Lm =
“"HERRC RN “"HERBC NN “HNsBC NN
123 456 7 123 456 7 123 45 6 7

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

CneunduuHa roaniitba

noTpebHa eHepruja 3a

rpejarse

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

demand per year

[kWh/m?%/ rogniwtbe] %

[kWh/m?/ year] %
Heating energy demand I I 111 1 1 1 1 11 e e e e

EHepreTcku pa3pen
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 YHanpebherse 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/roguiirse]
[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
NpPUMEHOM
rpaheBUHCKIMX U1
TePMOTEXHNUKIMX Mepa

Overall savings
after refurbishment
measures

81% 88%
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X4
H4

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 Off ONeKapCKMx H6rIoKoBa,
nnn 6etoHa. Macapa je 0bnoxeHa KOHTaKTHUM TepMo-
N30M1aLVOHVM CMCTEMOM Of} KaMeHe BYHe, Ca MeCTUMMNY-
HUM obnorama of TBPAOMPECOBaHMX Mouva. lNpo3op-
CKV Mpodunn cy y KOMOMHaLUMj APBO-anyMUHUjYM, Ca
[BOC/IOJHAM  TEPMOM30MIALUMOHNM  CTaKk/IOM W CMOJb-
HUM "ecnuHrep” poneTHama. MebhycnpaTHa KOHCTPYK-
Lmja je apMmnpaHobeToHCKa. 3rpasa je ca noapyMOM Koju
Ce KOPWUCTW 3a rapaxuparse. [pusembe je HamereHo
CTaHOBarby M KOMepUWjanHuM genatHoctvma. Cee nosu-
Lyje TEPMMYKOT OMOTaua Cy M30M10BaHe.

52

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 genat-
HOCTVIMa, a MOAPYM HamerbeH MnapKuparby. KOHCTPyK-
umMja je apMMpaHo GeTOHCKa Ca MCIyHOM. TaBaHuue cy
NOMYMOHTaXHE Ca WCMYHOM WM apMUPAHOBETOHCKe.
Lleo Tepmuykm omoTay je m3onosaH. Pacada je obno-
HKeHa TepMOon30onaunMoHUM CUCTEMUMa, Ca AeKOpPaTuB-
Hom obnorom. Mpo3sopw cy MBL| v anymnHmjymcKu ca
M30NaUNOHUM CTaKIMMa.

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 wall infill. 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
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Cknonoswu TepMmuykor omotava Elements of the thermal envelope

Cnosbaltsn 3ug, 1

External wall 1

U (W/mK)
Cnosballtbn 3ug 2

External wall 2

U (W/mK)
31a Ha avnataumjn

Dilatation wall

U (W/m?K)
31p Ka HerpejaHom
cTeneHuLTy

Partition wall
to unheated staircase

U (W/m?K)

MNocTtojehe cTare Present state

YHyTpa Inside
Cnoma Outside

ManTep 2 cm, Wwynsbr 6nok 19 cm, ME ponuja
0.02cm, Tepmonsonaumja 12 cm, mantep 3 cm
plaster 2 cm, clay block wall 19 cm, PE foil
0.02cm, thermal insulation 12 cm, plaster 3 cm

(@)
)
~

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnossa Outside

manTep 2 cm, wynby 610k 19 cm, NE donvja
0.02 cm, Tepmomszonaumja 12 cm, mantep 3 ¢m,
Tepmou3sonaumja 8 cm, mantep 3 cm

plaster 2 cm, clay block wall 19 cm, PE foil
0.02 cm, thermal insulation 12 cm, plaster
3cm, thermal insulation 8 cm, plaster 3 cm

15

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnoma Outside

manTep 2 cm, wynby 610k 19 cm, NE donvja
0.02 cm, Tepmomsonaumja 12 cm, mantep 3cm,
Tepmousonauuja 12 cm, mantep 3 cm

plaster 2 cm, clay block wall 19 cm, PE foil
0.02cm, thermal insulation 12 cm, plaster 3cm,
thermal insulation 12 cm, plaster 3 cm

13

YHyTpa Inside | ¢
Cnosa Outside

ManTep 2 cm, 6eToH 20 cm, ME dponvja 0.02 cm,
Tepmomsonauuja 12 cm, mantep 3 cm

plaster 2 cm, reinforced concrete wall 20 cm,
PE foil 0.02 cm, thermal insulation 12 cm,
plaster 3 cm

YHyTpa Inside | @
Cnospa Outside

mantep 2 cm, 6eToH 20 cm, MNE donuja
0.02cm, Tepmownsonaumja 12 cm, mantep
3cm, Tepmovizonaumja 8 cm, mantep 3 cm
plaster 2 cm, reinforced concrete wall 20cm, PE
foil 0.02 cm, thermal insulation 12 cm, plaster
3cm, thermal insulation 8 cm, plaster 3 cm

YhyTpa Inside | @
Cnosba Outside

mantep 2 cm, 6eToH 20 cm, MNE donuja
0.02cm, Tepmown3onaumja 12 cm, mantep 3cm,
Tepmousonaymja 12 cm, mantep 3 cm

plaster 2 cm, reinforced concrete wall 20cm, PE
foil 0.02 cm, thermal insulation 12 cm, plaster
3cm, thermal insulation 12 cm, plaster 3cm

0.26 0.16 0.13

bl bl bl bl bl gl

£ 2 gz Z

g S g S 8 S

3 g 2 s 2 5

> = > = > [
U (@] U

Mantep 2 cm, 6eToH 20 cm, HEMA M3MEHA HEMA M3MEHA

Tepmousonauuja 10 cm NO CHANGES NO CHANGES

plaster 2 cm, reinforced concrete wall 20 cm,

thermal insulation 10 cm

0.31 0.31 0.31

bl bl pe) bl pe) gl

= 2 k= B k= g

g 5 & S 8 S

5 g 2 s 2 5

> = > c > cC
(@] @] (@]

Tepmo Mantep 2 cm, Wwymnsbr 6nok 19 cm, ME HEMA VI3MEHA HEMA N3MEHA

donwja 0.02 cm, Tepmomzonaumja 8 cm, NO CHANGES NO CHANGES

ManTep 3 cm

thermal insulating plaster 2 cm, clay block,

wall 19 cm, PE foil 0.02 cm, thermal insulation

8 cm, plaster 3cm

0.32 032 032

Cknonou TepMmykor omotava Elements of the thermal envelope

PagaH KpoBs

Flat roof

U (W/m?K)
MehycnpaTHa
KOHCTpYKUMja 13Hag
OTBOPEHOr MPOCTOpa
Floor construction

to outside area

U (W/m?K)
MebhycnpaTHa
KOHCTpYKUMja 13Hag
HerpejaHor NpocTopa

Floor construction above

unheated area

U (W/m?K)

lNocTtojehe cTare Present state

Cnosba Outside

YHyTpa Inside

xnppounsonaumonn npemas 0.8cm, nepant
Mantep 4cm, Tepmomnsonaumja 22cm,
xuapomsonayuja Tcm, 6eToH 18 cm, mantep
3cm

waterproofing coating 0.8 cm, perlite
plaster 4cm, thermal insulation 22 cm,
hydroinsulating layer 1 cm, reinforced
concrete slab 18 cm, plaster 3 cm

0.14

YHyTpa Inside

Cnospa Outside

napkeT 2.2 cm, LileMeHTHa Kolwysbuia 4.5 cm,
ME dponwja 0.02 cm, Tepmomsonauwja 3 cm,
6eToH 18 cm, Tepmom3sonaumja 16 cm, mantep
3cm

parquet 2.2 cm, cement screed 4.5 cm, PE

foil 0.02 cm, thermal (sound) insulation 3cm,
reinforced concrete slab 18 cm, thermal
insulation 16 cm, plaster 3 cm

0.25

YHyTpa Inside

Cnosba Outside

NapkeT 2.2 cm, LilemMeHTHa Kolwyrbumua 4.5 cm,
ME donwja 0.02 cm, Tepmomzonauwja 3 cm,
6eToH 18 cm, Tepmom3onaynja 10 cm, mantep
3cm

parquet 2.2 cm, cement screed 4.5 cm, PE

foil 0.02 cm, thermal (sound) insulation 3cm,
reinforced concrete slab 18 cm, thermal
insulation 10 cm, plaster 3 cm

0.23

YHanpehetbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

0.14

YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, LileMeHTHa Kolwysbuua 4.5 cm,
ME dponwja 0.02 cm, TepMmomzonaumja 3 cm,
6eToH 18 cm, Tepmousonauyja 16 cm, mantep
3 c¢m, Tepmomsonaymja 8 cm, Mantep 3 cm
parquet 2.2 cm, cement screed 4.5 cm, PE

foil 0.02 cm, thermal (sound) insulation 3

cm, reinforced concrete slab 18 cm, thermal
insulation 16 cm, plaster 3 cm, thermal
insulation 8 cm, plaster 3 cm

0.16

YHyTpa Inside

Cnosba Outside

napKkeT 2.2 cm, LleMeHTHa Kolwysbumua 4.5 cm,
ME dponwja 0.02 cm, TepMmomzonauwja 3 cm,
6eToH 18 cm, Tepmom3onaynja 10 cm, mantep
3 c¢m, Tepmom3onaumja 8 cm, Mantep 3 cm
parquet 2.2 cm, cement screed 4.5 cm, PE

foil 0.02 cm, thermal (sound) insulation 3cm,
reinforced concrete slab 18 cm, thermal
insulation 10 cm, plaster 3 cm, thermal
insulation 8 cm, plaster 3 cm

0.15

X - nepvoa >2013 H - period >2013

YHanpebhetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

Kepammuke nnounue 1.25 cm,
xugpousonaymja 1 cm, LemeHTHa
KOLWysbKLa 4 cm, TepMonsonaumja 34 cm,
ME donwja 0.02 cm, 6etoH 20 cm, manTtep
25cm

ceramic tiles 1.25 cm, hydroinsulating
layer 1 cm, cement screed 4 cm, thermal
insulation 34 cm, PE foil 0.02 cm, reinforced
concrete slab 18 cm, plaster 3 cm

0.10

YHyTpa Inside

Cnosba Outside

napKeT 2.2 cm, UeMeHTHa KoLLysbuLa 4.5cm,
ME donmja 0.02 cm, Tepmowzonaumja 3cm,

6eToH 18 cm, Tepmomsonauwja 16¢cm, mantep

3 cm, Tepmomsonaupja 12 cm, mantep 3 cm
parquet 2.2 cm, cement screed 4.5 cm, PE
foil 0.02 cm, thermal (sound) insulation 3cm,
reinforced concrete slab 18 cm, thermal
insulation 16 cm, plaster 3 cm, thermal
insulation 12 cm, plaster 3 cm

0.13

YHyTpa Inside

Cnosba Outside

napket 2.2 cm, UemMeHTHa KoLlyrbrua 4.5 cm,
IE donmja 0.02 cm, Tepmowonaumja 3 cm,

6eToH 18 cm, TepMowizonaumja 10 cm, Mantep

3 cm, Tepmomsonaumja 12 cm, mantep 3 cm
parquet 2.2 cm, cement screed 4.5 cm, PE
foil 0.02 cm, thermal (sound) insulation
3cm, reinforced concrete slab 18 cm,
thermal insulation 10 cm, plaster 3 cm,
thermal insulation 12 cm, plaster 3 cm

0.13
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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)

MNocTtojehe 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-anyMVHWjyM Ca TPOCNOjHUM
HUCKOEMMCUOHIM TEPMOU30MALIMOHIM
CTaK/OM VCMYHEHUM UHEPTHMM racom-
naKkeTom

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

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLVOHNM HCKOEMUCUOHUM CTaKO-
NaKkeToM 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, Kpyno ca TepMoV30naLIOHOM
VCMyHOM

Metal, insulated leaf

1.10

MeTanHa, Kpuno Ca TepMoM30aLIoOHOM
ncryHoM

Metal, insulated leaf

0.80

Cuctemu rpejarba 1 npunpeme Torse Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba

Heating system
efficiency factor

56

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

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

[larHCKO rpejarbe ca KoreHepawjom.
TepmocTatckmn BeHTVUAW. 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. TePMOCTATCKM BEHTUNN.
Hannata npema noTpouwbn.

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 Boge

Hot water system

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

LleHTpanHu cuctem nprnpeme LleHTpanHu cuctem nprnpeme LleHTpanHu cuctem nprinpemve
Tonsne Bofe NoBe3aH ca CUCTeMOM TOMNe BoAe NoBe3aH ca CUCTemMoM Tonne Bofe NoBe3aH ca CUCTeMOM
rpejarba rpejarba rpejarba

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 [asbWHCKM CUCTEM rpejatba
Ca KoreHepauunjom. TepMOCTATCKY BEHTWM, Hannata no noTpoLWK. Yrpasrba LeHTPanHor cucTeMa npunpeme Tomse Bofe noBe3aHor ca
CYCTEMOM 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. TepMOCTaTCKM BEHTUN,
Hannata no NOTPOWHW. Yrpafrba LleHTPasHOr 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 *

MocTojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2
TonnoTHW ryéuum 700 700 700
enemMeHaTa TepM1UYKor
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

CneunduuHa roaniitba

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 I 111 1 1 1 1 11 e I

EHepreTcku pa3pen
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 YHanpebherse 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/roguiirse]
[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
NpPUMEHOM
rpaheBUHCKIMX U1
TePMOTEXHNUKIMX Mepa

Overall savings
after refurbishment
measures

83%
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X5
H5

CrambeHa 3rpaga y HU3y

0oooo
0000 |>so%
~ 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 M3Haj MOBYYEHOT cnpata. KoHCTpyKUuja je
CKeneTHa apMmMpaHo-6eTOHCKa, Ca UCMyHaMa Of onekap-
CKMX 6noKkoBa, U 6etoHa. Gacaaa je 0bnokeHa KOHTaKT-
HVIM TEPMOWM301aLMOHNM CUCTEMOM Of MUHEPaTHE BYHE,
Ca NAemMeHUTUM ManTepom. Mpo3opn Cy anyMUHUYMCKHX,
Ca ABOC/IOjHMM TEPMOM30MALUMOHNM CTaK/IOM U CMOJb-
HUM "ecnuHrep” poneTHama. MehycnpaTHa KOHCTPYK-
UMja je apMMpPaHOBEeTOHCKa. 3rpafia je ca NMoapyMOM Koju
Ce KOpPWCTW 3a rapaxuparse. [prsemibe je HamereHo
CTaHOBakbY M KOMepUMjanH1m genatHoctuma. Cee nosu-
Lyje TEPMUYKOT OMOTaua Cy TEPMUYKI M30/10BaHe.

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 WCyHoM. TaBaHMLe Cy MOMYMOHTaKHE Ca UCMy-
HOM WM apMKpPaHOGeTOHCKe. Lleo TepMmnukmn omoTau
je nsonosaH. Macafa je 0bnoxeHa TePMON30ALIOHVM
CMCTEMMMA, Ca AeKkopaTmeHOM obnorom. Mpo3opu cy
MBL vnun anyMnHMjyMCKI Ca M301aLMOHMM CTaKIMMa.

EHepreTcku pa3pep 3rpage - noctojehe crarme

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

Qe (% Q,,, KWh/(m?a)]
68 41
<15
<25
B <50
<150
<200
< 250
> 250
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Cknonoswu TepMmuykor omotava Elements of the thermal envelope

Cknonou TepMmykor omotava Elements of the thermal envelope

Cnosbaltsn 3ug, 1

External wall 1

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

External wall 2

U (W/m?K)
31A Ha annaTaumjn

Dilatation wall

U (W/m?K)
31A Ka HerpejaHoM
CTeneHnwTy

Partition wall
to unheated staircase

U (W/m?*K)

MNocTtojehe cTare Present state

YHanpehetbe 1 Improvement 1

YHanpehetbe 2 Improvement 2

3 3 3 ] 3 3 PaBaH Kpos
& 3 % 3 % 3
= 5 £ 5 £ 5 =
© @) © @] © o
[oR [oR o
£ 8 =3 2 3 8 Flat roof
= e = e = e

(@) (@] (@]
manTtep 2cm, 6eToH 20 cm, Tepmomnsonalunja — ManTep 2 cm, 6eToH 20 cm, TepmMour3onaumja  mMantep 2 cm, 6eToH 20 cm, TepMonsonauyja
10 cm, nyHa oneka 12 cm, mantep 3 cm 10 cm, nyHa oneka 12 cm, mantep 3 c¢m, 10 cm, nyHa oneka 12 cm, mantep 3 cm,
plaster 2 cm, reinforced concrete wall 20 cm,  Tepmowm3zonauwja 8 cm, Mantep 3 cm Tepmou3onauwja 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
(] [} (9} (] [} [
° ° ° ° ° °
& 3 % 3 % 3
c £ < 5 < 5 U (W/m?2K)
= O =3 O ] O
= 3 s 3 = 3 Koc kpos
= e = e = e

(@) (@] (@]

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

ManTep 2 cm, wynssum 610K 19 cm,
Tepmomsonaymja 12 cm, mantep 3 cm
Tepmowm3onaumja 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,
Tepmowusonaymja 12 cm, mantep 3 cm,
Tepmowu3onaumja 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
(5} (9] (] [} (] (5}
el S he, ° he, S
2 g = £ Z g
(@) O O
g = g = g8 =
: 2 % - 2
ManTep 2cm, 6eToH 20cm, HEMA V3MEHA HEMA V3MEHA U (W/m?K)
Tepmousonauuja 12 cm NO CHANGES NO CHANGES MeBvcrnpaTh
plaster 2 cm, reinforced concrete wall 20 cm, hy pa _a
thermal insulation 12 cm KOHCTPYKUWja n3Haza
0.31 0.31 031 HerpejaHor NpocTopa
[} (] (] [} (] [} -
© ke he, hel he, e’ )
Z 2 2 2 E 2 Floor construction
O © @) © O
g p 8 - g p above unheated area
- I 3 2 2
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
Cnorba Outside

YHyTpa Inside

Kepamuyke nnoyute 1.25 cm, xmapowvsonaumja
1 .¢m, uemeHTHa Kowysbu1ua 4 cm,
Tepmow3zonauwjal6e cm, ME donwja 0.02 cm,
6eToH 20 cm, ManTep 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 nnum 0.06 cm, ME ponwja 0.04 cm,
JaluyaHa nognora 2.4 cm, TepMorsonauyja
25cm, 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 25 cm between timber rafters,
reinforced concrete slab 20 cm, plaster 1.25 cm

0.14

YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, LiemeHTHa Kowysbhua 4 cm, MBLY
donwja 0.02 cm, TepMorizonaumja 2 cm, 6EToH
20 cm, Tepmomsonadpja 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

YHanpehetbe 1 Improvement 1
Cnosba Outside

YHyTpa Inside
HEMA M3MEHA
NO CHANGES

0.15

Cnosba Outside

YHyTpa Inside

pagaH nnum 0.06 cm, ME dponwja 0.04 cm,
JaluyaHa nognora 2.4 cm, TepMorsonauyja
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, LeMEeHTHa KoLlysbumla 4 cm,
MBL donmja 0.02 cm, Tepmomzonaumja 2 cm,
6eToH 20 cm, Tepmom3sonaynja 12 cm, mantep
3 c¢m, Tepmom3onaumja 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 - nepvoa >2013 H - period >2013

YHanpebhetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

kepamuyke nnoymue 1.25 cm,
xvapovonauvja 1 cm, LemMeHTHa KoLuysbuLa
4 cm, Tepmowzonatmja 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

Cnora Outside

YHyTpa Inside

paBaH num 0.06 cm, ME donnja 0.04 cm,
NaluyaHa noAnora 2.4 cm, TepmMounsonaumja
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

MapkeT 2.2 ¢m, LleMeHTHa Kowwysbuua 4

cm, MBL dponuja 0.02 cm, Tepmovizonaumja
2 cm, 6eToH 20 cm, Tepmom3sonaumja 12
cm, ManTep 3 cm, Tepmom3sonauumja 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)

MNocTtojehe cTare Present state

ANYMUHWYMCKI Ca ABOCSIOJHIM
M30M1aLMOHNM CTaKNOMNAKETOM, NMyHEeHVIM
racom

Aluminium, double glazed unit with gas
infill

1.65

YHanpehetbe 1 Improvement 1

ANYMUHUYMCKI Ca TPOCTIOJHUM
HUCKOEMMUCUOHIM M30MaLMOHNM
CTaKNONAKETOM UCMYHEHVM UHEPTHUM
racom

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

1.10

YHanpebherbe 2 Improvement 2

[lpBO-anyMuHMjym ca TPOCNOjHUM
M30M1aLVOHNM HCKOEMUCUOHUM CTaKO-
NaKkeToM 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, Kpyno ca TepMoV30naLIOHOM
VCMyHOM

Metal, insulated leaf

1.10

MeTanHa, Kpuno Ca TepMoM30aLIoOHOM
ncryHoM

Metal, insulated leaf

0.80

Cuctemu rpejarba 1 npunpeme 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.
TepmocTatckmn BeHTVUAW. Hannata npema
NOTPOLLHU.

District heating system with combined heat

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

JlarbMHCKO rpejatbe ca TOMI0THOM MyMom
BO/ia - BOAA. TePMOCTATCKM BEHTUNN.
Hannata npema noTpouwbn.

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 Boge

Hot water system

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

LleHTpanHu cuctem npunpeme LleHTpanHm cuctem npunpemve LleHTpanHu cuctem npunpeme
TOM/e Bofe NoBe3aH Ca CHCTEMOM Tonne Bofe NOBe3aH Ca CUCTEMOM TOM/e Bofe NOBe3aH Ca CUCTEMOM
rpejarba rpejarba rpejarba

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

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 HUCKOEMUCUOHKM CTakfo-naketom. @  [loBe3viBarbe Ha AasbUHCKM CUCTEM rpejarba 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 TPOCNOJHNM N30M1aLNOHVM HUCKOEMUCUOHUM CTaK/0-NaKeTOM , CePTUPMKOBAHKM Kao KOMMOHEHTe 3a nacvsHe kyhe. ® [loBe3uBatbe Ha
[lafbVHCKM CUCTEM rpejatba Ca TOMIOTHOM MyMMoM BOAA-BOAA. TePMOCTATCKIM BEHTVAW, Hamnnata no NoTpoLrbi. Yrpaatba LeHTpanHor crctema
npvnpeme Tonse BOAE NOBE3aHOr 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 *

MocTojehe cTare Present state YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2
TonnoTHW ryéuum 400 400 400
enemMeHaTa TepM1UYKor
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

CneunduuHa roaniitba

noTpebHa eHepruja 3a

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

demand per year

[kWh/m?%/ rogniwtbe] %

EHepreTcku pa3pen

[kWh/m?/ year] %
B/

Energy class

Erepruja notpebHa 3a
rpejarbe

Heating energy demand I I 111 1 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 YHanpebherse 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/roguiirse]
[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
NpPUMEHOM

rpaheBUHCKIMX U1

TEPMOTEXHNYKIMX Mepa

Overall savings 86%
after refurbishment

measures
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