Sprovedeno od strane:
Implemented by:

HeMaLIKa g i Z § " Yuueep3autet y Beorpagy - ApXuTeKToHCKU pakynTeT

ca pa,lJ,I-ba University of Belgrade - Faculty of Architecture
DEUTSCHE ZUSAMMENARBEIT

CauyBaj eHeprujy

Conserve Energy

[OywaH Mrrbatosuh, Hatawa hykosuh Wrkatosuh

Dusan Ignjatovi¢, Natasa Cukovi¢ Ignjatovic




CauyBaj eHeprujy

Conserve Energy

[Oywan Mrrbatosmh, Hatawa hykosuh Wrkatosuh

Dusan Ignjatovi¢, Natasa Cukovi¢ Ignjatovic



CauyBaj eHeprujy

M3paBaun

ADPXUTEKTOHCKM GakynTeT YHUBep3nuTeTa y beorpaay
GIZ - Deutsche Gesellschaft

fur Internationale Zusammenarbeit

Registered GIZ offices

Bonn and Eschborn, Germany

“Energy Efficiency in Buildings”

Sanje Zivanovica 32

Belgrade, Serbia

www.giz.de

3a ApXUTEKTOHCKM dakynTeT
Mpod. ap BnagaH Hokuh

YpegHuun
NywaH Vrratosunh, Hatawa hykoswh Virrsatosuh,
Renate Schindlbeck

PeueH3eHTn

np. bpaHka [umnTpujesnn, YHusepsuteT CTpaTknajg
np. JinHaa Xunnebpana, YHuBep3uteT AxeH

ap. Tanuja KoHcTaHTUHY, TY Jdendt

MpeBog

YBoAHM TekcT 1 10 Kopaka y npouecy yHanpeheha
eHepreTcke eQrKacHOCTM NocTojehrx 3rpaja, Npesoa
Ha eHrnecku jesuk: Carba Katapuh

CauyBaj eHeprujy, NpeBof Ha EHMNECKN je3nK:

NywaH Virratosnh, Hatawa hykosuh Mrrsatosumh
MNpeBop peLieH3uja Ha CPNCKM jesnk: JeneHa Mapkosuh

JlekTop
Catba KaTapuh, JeneHa Mapkosuh

Awn3ajH n npynpema 3a wramny
Anekca bujenosuh, Munouw Heanh

Tupax
200 npumepaka

Lramna
PROOF, beorpag

Conserve energy

Published by the

Faculty of Architecture, University of Belgrade
GIZ - Deutsche Gesellschaft

fir Internationale Zusammenarbeit
Registered GIZ offices

Bonn and Eschborn, Germany

“Energy Efficiency in Buildings”

Sanje Zivanovica 32

Belgrade, Serbia

www.giz.de

Acting on behalf of the Faculty of Architecture
Professor Vladan Doki¢, PhD

Editors
Dusan Ignjatovi¢, Natasa Cukovié¢ Ignjatovic,
Renate Schindlbeck

Reviewers

Dr Branka Dimitrijevic, University of Strathclyde
Dr Linda Hildebrand, RWTH Aachen

Dr Thaleia Konstantinou, TU Delft

Translation

Introduction and 10 steps in the process of energy
efficiency improvement of existing buildings, trans-
lation into English: Sanja Katari¢

Conserve Energy, translation into English: Dusan
Ignjatovi¢, Natasa Cukovi¢ Ignjatovié

Translation of reviews into Serbian: Jelena Markovi¢

Copy Editing
Sanja Katari¢, Jelena Markovi¢

Design and Layout
Aleksa Bijelovi¢, Milo§ Nedi¢

Circulation
200 copies

Printed by
PROOF, Belgrade

AyTOpPCKMN TUM

AyTopu
Nywan Virrbatosnh, Hatawa hykosuh Mrrsatosuh

CapagHuum
Hukona MauyT, bojaH JoBaHuesuh

Qotorpaduije:
Nywan Virrbatosnh
(TepmoBM3Mjcke 1 AHeBHE doTorpaduije)

Authors

Authors
Dusan Ignjatovi¢, Natasa Cukovi¢ Ignjatovic

Associates
Nikola Macut, Bojan Jovancevic¢

Photographs
Dusan Ignjatovi¢
(thermal and daylight images)



Cagpxaj Contents

8 Mpearosop 8 Preface
10 MeToponoruja 10 Methodology
11 Onabuvp penpeseHTaTMBHUX NpUMepa 11 Selection of representative case studies
14 TepMOBM3MJCKO CHUMabE 1 NCMUTUBAHbE 14 Infrared inspection and imaging
14 lpadnykm NprKas KapakTePUCTUYHMX eTarba 14 Graphic representation of typical details
15 MpennoxeHe mepe 3a Nobosblatbe eHepreTcke ePprKacHOCTH 15 Proposed measures for improving energy efficiency
15 ®acagHu 31goBK 15 Facade walls
16 Mpo3opwu 16 Windows
17 PaBHW KPOBOBM 17 Flat roofs
18 Kocu KpoBoBMK 18 Pitched roofs
18 MebhycnpaTtHe KOHCTPYKLWje Npema HerpejaHom TaBaHCKOM NMPOCTOPY 18 Ceilings to the unheated attic
19 MehycnpaTtHe KOHCTPYKLUWMje Npema HerpejaHom NoAPYMCKOM MPOCTOPY 19 Ceilings to the unheated basement
19 MNoposn Ha Ty 19 Ground floors
19 MebhycnpaTtHe KOHCTPYKLWje U3HAL HerpejaHrx CnosballikbkX 1 YHYTPALWFbKX MPOCTOPa 19 Ceilings above exterior spaces and ceilings to the unheated interior spaces
19 3108V Npema HerpejaHrm NpocToprmMa 19 Walls to the unheated spaces
20 AHanu3a y3opKa 1 CLeHapro neprofa otnnate 20 Sample analysis and payback scenarios for case studies
21 [popauyH cepTndrKaTa O eHepreTCKMM KapakTepucTrkama 3rpafa (EHepreTcku nacou) 21 Calculation of Energy Performance Certificate (energy passport)
33 NpuMepe y CKAady ca CPNCKUM NPONMUCIMA 13 001acTV eHepreTcke edUKacHOCTH according to Serbian energy efficiency rules and regulation
22 Objalrberbe TeXHUUKMX TePMUHA 1 NoAaTaka NPe3eHTUPaHX y Tabenama 1 Ha rpadrkoHnma 22 Explanations of technical terms and data presented in tables and charts
22 Tabena lNpernea 0CHOBHMX Mepa 3a Nobosbllarbe eHepreTcke edprkacHOCTH 22 Table Review of Main Energy Efficiency Measures
23 Tabena MpolereHa MHBeCTMLM)A 23 Table Estimated Investment
23 lpadurkoH TonnoTHW ryburumn enemeHaTa TepMMUYKOr OMOTaua 23 Chart Heat Losses Related to Thermal Envelope Elements
Mpvmepn Case studies
24 3rpana 1 24 Building 1
32 3rpana 2 32 Building 2
40 3rpana 3 40 Building 3
48 3rpana 4 48 Building 4
56 3rpana 5 56 Building 5
64 3rpana 6 64 Building 6
72 3rpana 7 72 Building 7
80 3rpana 8 80 Building 8
88 3rpana 9 88 Building 9
96 3rpaga 10 96 Building 10
104 CuHTe3HM Npernea 1 nopeherse foOMjeHMx pe3ynTtaTa 104 Overview and crosscomparison of results
113 10 Kopaka Ka Nobosbliakby eHepreTcke eprkacHOCTY BULWEMOPOANUMHIX 3rpaja 113 10 steps to improving energy efficiency of multifamily buildings

126 PedepeHue 127 References



NereHpa cumbona Legend of the symbols
1 Tun kyhe 1 Building type

2 OcHoBa objekTa 2 Building layout

3 OtBOpH 3 Openings

4 KpoB 1 noapym 4 Roof and basement

4a HakHaHO afjanTMpaHo NOTKPOB/bE

4a Converted attick

A4
A4

ooo
ooo

<50%




Cauysaj eHeprujy Conserve Energy

MNpeprosop

Y3umajyhm y 0631p TPEHYTHO CTarbe CTambeHor
doHgaa y Penybnuum Cpbujn, moxemo pehu aay 3rpagap-
CTBY Nexu Hajpehv noTeHUMjan eHepreTckux ylwTeaa
Ha HaLMOHaNMHOM HWBOY. 3aTO je 1 yHanpeherse eHep-
retcke edUKACHOCTM Y 3rpadapcTBy faHaC NPeno3HaTo
Kao nogpyuje Koje nMa Hajsehn noTeHuwjan 3a cmarberbe
YKYMHe NOTPOLLHE eHepruje.

[oHowerse CrpaTervje eHepreTcke caHauuje 3rpada
jenaH je on BaxHMjx kopaka Peny6bnvke Cpbuje Ha nosby
eHepreTcke epuKacHOCTL. V3pagom HaunoHanHe tvno-
noruje ctambeHwx 3rpasa 1oounv CMo npernesa nofataka
0 eHepreTCKMM KapakTepUCTKama 3rpajda Koju omoryha-
Ba [JOHOLEHE OAPKMBUX OANYKA, KAKO MUHWUCTapCTBY Y
foHowerby CTpaternje, Tako 1 TIOKaNHUM CaMoynpaBama,
y nuncarby JTokanHmx AKLMOHMX N1aHOBa 3a yHanpeherse
eHepreTcke edUKaCHOCTY.

YHanpehetrbe eHepreTcke edUKaCHOCTU y CekTopy
3rpafapcTBa 3HauajHO AONPUHOCK YKYNHOM yHanpehery
eHepreTcke eprKacHOCTM C 063VPOM [la 3rpaje yuecT-
BYjY Y YKYMHO]j MOTPOLWHM eHeprije ca vak 40%. Moborb-
WarbeM EHepPreTCKMX KapaKTePUCTUKa CTaMOeHMX 3rpa-
[la MOXXeMO OCTBapuUTV BeHedWT Ha Mosby NMobosbllakba
KBanuTeTa XMBOTa M OOpaBka y TMM 3rpafama, kao U
33LUTUTL OKPYXKEHA, 3aTUM CMarUTU eMUCUje LUTETHMX
racoBa, yTMUATN Ha CMakeHe TPOLWKOBA 3a rpejarbe, anu

Preface

Having in mind the current condition of the build-
ing stock in the Republic of Serbia we can say that the
biggest potential for energy savings at the national level
can be found in the buildings sector. Therefore, energy
efficiency improvement in the buildings sector has been
recognized as an area with the biggest potential for the
reduction of the total energy consumption.

The adoption of the Strategy on the Energy Reno-
vation of Buildings is one of the most significant steps
of the Republic of Serbia in the field of energy efficien-
cy. With the creation of the National Building Typology
we have gained an overview of data on energy char-
acteristics of buildings, which enables making sustain-
able decisions both when it comes to the adoption of
the Strategy by the ministry and when it comes to creat-
ing Local Energy Efficiency Action Plans by the local self-
governments.

Energy efficiencyimprovementin the buildings sector
contributes significantly to the total energy efficiency
improvement since the energy consumption of build-
ings amounts even 40% of the total energy consump-
tion. With the improvement of energy characteristics of
residential buildings we can achieve improvements of
the quality of life and residence in those buildings as well
asinthe area of environmental protection, we can reduce

1 Ha NOPaCT 3aMoLu/baBatrba y rpaheBUHCKOM CEKTOPY 1Y
npou3BoAHW rpaheBUHCKMX MaTepujana.

MoHorpaduja ,Cauysaj EHeprujy’, obpabyje Temy
eHepreTcke eprKacHOCTM NocTojehrx cTambeHnx 3rpa-
[a y npouecy tbuxose obHose. Kpo3 aeceT KapakTe-
PUCTUUYHUX NpUMePa CTaMOeHMX 3rpaga 3acTyrbeHNX
Ha LenokynHoj Teputopujn Penybnnke Cpbuje, yTephyjy
Ce eHepreTcke neppomaHce Kpo3 cepTndnkaLmjy arpaga
1 UCTPaxyje MOryNHOCT HrxoBor Nobosbliarba. Ha 0Baj
HaunH ce byayhem KOPUCHKKY BEOMa jaCHO NPeacTaB/ba
TeMa eHepreTcke CaHauuje Kpo3 NPUMEHY KOHKPETHMX
Mepa ca Moryhrm noTeHUMjanma 1 orpaHnyerma.

,CauyBaj eHeprujy” npecTas/ba BeOMa KOPWUCTaH
matepujan 3a cBe rpabaHe, CTambeHe 3ajeHuLe, anu u
KOHCY/TaHTe y 06acTv eHepreTcke eprKacHOCTY, Kao U
noApLWKY npouecy nobosbllakba eHEPreTCKMX KapakTe-
pucTVKa rpahesmnHcKor GoHaa Koju npeacTaBba jefaH
o[l CTpaTelkux nHTepeca Penybnivke Cpbuje.

JoBaHKa AtaHalkoswuh, B.A. NOMONHMKa MUHUCTPA

MuHncTapcTBo rpaheBunHapcTBa, cacbpahaja 1 nHbpa-
cTpyKType Penybnvike Cpbuije

Mpenrosop Preface

the emission of pollutants, influence the reduction of
heating costs and also an increase of employment in the
construction sector and in the production of construc-
tion materials.

The monograph “Conserve Energy” deals with the
topic of energy efficiency of existing residential build-
ings in the process of their renovation. Through ten char-
acteristic examples of residential buildings which are
present on the total territory of the Republic of Serbia
energy performances are being determined through
the certification of buildings and possibilities of their
improvement is being explored. Thus the future user is
presented very clearly with the topic of energy rehabili-
tation through concrete measures with possible poten-
tials and limitations.

,Conserve Energy” represents very useful materi-
al for all citizens, residential communities and consult-
ants in the area of energy efficiency as well as support
in the process of improving energy characteristics of the
construction fund which is one of the strategic interests
of the Republic of Serbia.

Jovanka Atanackovi¢, Acting Assistant Minister

Ministry of Construction, Transport and Infrastructure of
the Republic of Serbia
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MeTtogonoruja

CAYYBAJ EHEPTJY je nybnukaumja KpempaHa ca
UM/bemM MNpeacTasbarba TUMWMUHKX CTaMOEHUX 3rpaja,
PA3NMUUTUX MATEPUjANHMX U MPOJEKTAHTCKMX KapakTe-
PUCTMKA NPENO3HAT/bUBUX Y YPOAHOM OKPYKEHsY, Kao
1 NoTeHLMjana 3a kKxoBo yHanpehere. Linmb nybnuka-
uvje je ga omoryhu Wvpn yTuuaj npuMeHe mepa eHep-
retcke eprkacHOCTM Yy BULWENOPOAMYHOM CTaHOBAaHY,
obpahajyhn ce nokanHuMm camoynpaeama ¥ KyhHVM
caBeTuMa 1 0be3behyjyhu jacHe 1 geTarbHe MHGOPMa-
LMje O npoLecy eHepreTcke 0OHOBE Kao M onuuje 3a
FoVIXOBY eduviKacHy npumeHy. lybnvkauuja 6u Takohe
Tpebano aa byae of KOPUCTU 1 eHEPreTCKUM CaBETHUUM-
Ma Yy npyarby NOAPLLIKE NOKaNHOj 3ajeiH1LM Y npoLecy
obHoBe rpaheBnHCKOr poHa OHOCHO MOCTYMKa TeHae-
pucarba MPUANKOM MHBECTUPAaHA Y OBaj CEKTOP.

OcHOBHM MaTepuijan cTyauvje je 6asnpaH Ha pesyn-
TaTUMa MNPETXOAHNX, PePepPeHTHUX, NCTPAKMBAYUKMX
npojeKata, yriiaBHOM TepMOBM3MjCKOr atnaca beorpaaa
[1]. Pesyntat 1 meTofonorunja, OPUrMHaNHoO passujeHu
33 akagemcke notpebe, cy npunarohern Wupoj nyenmn-
UM ymme ce omoryhaea npvimeHa y CBMM 3ajegHMLama
KOje Ce KapaKTepwully BWLIENOPOAVNYHMM CTamMbeHVM
doHAaom. AHanusnpaHn npumepwn cy Takohe pedepeH-
UMPaHW Ha paHMWja MCTPaxMBarba CNpoBefeHa Y OKBU-
py TABYJIA! npojekTa v Nnpuankom 13page HaumoHanHe

' www.episcope.eu/building-typology

Methodology

The publication CONSERVING ENERGY is conceived
to present typical case studies of apartment build-
ings with various facade materials and design features
frequently recognizable in urban areas and potential for
their improvement. The aim of the publication is to facil-
itate wider impact of implementation of energy efficien-
cy measures in multifamily housing, by targeting local
communities and tenants associations providing clear
and comprehensive information on energy refurbish-
ment process and options for effective implementation.
The publication should also help the local energy advi-
sors in supporting the local community in the process
of the building stock refurbishment and tendering for
investments in this sector.

The core material for the study is based on the results
of previous reference research projects, mainly Belgrade
IR Atlas [1]. The findings and methodology, originally
developed for highly specialised and academic purposes,
were readjusted to address wider audience and provide
usability for all local communities with multifamily hous-
ing stock. The presented case studies are also associat-
ed with the previous research conducted in the project
TABULA' and during the development of the National
Typology of residential buildings in Serbia [2], enabling
easy reference to previous results and publications.

' www.episcope.eu/building-typology

Tunonoruje ctambeHnx srpaga Cpbuje [2], omoryhasajyhu
jeJHOCTaBHO MOBE3MBatbe Ca FbUXOBUM Pe3ynTaTima U
nybnvkaumjama.

CAYYBAJ EHEPIJY npepacTaBma pesyntat obvM-
HUjer UCTaRMBAYKOr pafja ca pe3ynTatma 1 MHopma-
umjamMa NpunaroheHnm WMpoj jaBHOCTM Ha MAyCTPaTVB-
Hom npumepy oA 10 3rpasa. 3a CBaky 3rpafy CnposefeHn
Cy A€Ta’bHM MPOpauyHU Ca Unbem [obuvjara peanHe
npoLeHe NOTPOLWHbe eHepruje, noTeHLjana ywrene Kao
1 BpemMeHa nospahaja cpefcTaBa 3a NpeaoKeHe nake-
Te Mepa yHanpeherba. LipTexu TMnMYHX getama npyika-
3yjy noTeHuMjanHa mMecTa yHanpehera AoK je npernes
npensuheHnx pagoBa, LeHa 1 Moryhux yluteaa nprikasaH
nomohy Tabena v rpadukoHa. MNpriKasaH je 1 eHepreTcku
paspef 3a nepuop npe v nocne obHoBe 3rpage npady-
HaT y CKnagy ca CPrcKMM HalUMOHanHMm nponmcmnma [3].

Opabup penpeseHTaTMBHIX NpUMepa

3rpafe npurkasaHe y nybavkaumjn cy npeacTaBHULM
BYMLLE TUMOBA W Pa3fMKyjy ce Npema CTapoCTu, BENUYU-
HY, ynoTpeb/beHM MaTepurjanimMa, TUy oMoTaua, Kao 1
NPOjeKTaHTCKOM NPUCTYNY.

fopaun NPUKYNIbeHN NpUIMKOM K3page Hauwmo-
HanHe TUNonoruje yKasyjy aa 3rpafe KOHCTpyncaHe npe
[pBOr CBETCKOr paTa YnHe roToBO 3aHemMapsbuBix 3.83%
npoueHaTta yKynHor rpahesnHckor ¢oHfa nocmarpa-
HO NMpema NoBpLWWHK. MHore o OBMX 3rpaga nNpeacTa-
B/baajy 3aWTuheHa KynTypHa aobpa unHehn 6uno Kakee
NHTepBeHLMje crneumduuHmm, [4] cTora cy cBrM 0bjeKTu
KOHCTpyncaHu npe 1918, nckibyueHu 13 cTyaunje.

3rpage KoHcTpymncaHe mamehy 1919. 1 1945, unHe
6.27% nocTojeher rpahesunHckor doHaa. Mako ce rimnxo-
BO yyewhe Takohe MOxe cmaTpaTy BEOMa MasnuM, OHe
cy npefcTaBbeHe jeaHum npumepom (3rpaga_01) koju
ce MOXe CMaTpaTVt TUMMUYHKM 3a OBaj NepMod anv v 3a
CTapuje 3rpafe YKOMKO He MOANEXy PeXumy 3aliTn-
Te. 3rpafe OBOT TMMa Ce MOry MPOHahnn y CBMM ypbaHum
30Hama Cpbuje, uak vy ManvM rpafoBuMa 1 cpeamHama
Koje Cy cnabuje HacerbaBaHe y nocnepaTHoOM Nepruomdy.

MocnepatHu nepwof w3rpagre (1945-1960.) je
3aCTyr/beH ca Tpu npumepa: 3rpaga 02, 3rpaga 03, 3rpa-
na 04. 3rpage oBor neproga uvHe 9,18% rpahesuHckor

YBop Introduction

The work on CONSERVING ENERGY consisted of vari-
ous research and calculations, with the results and infor-
mation processed for wider audience on 10 selected
buildings. Thorough calculations were performed for
each building in order to obtain a realistic analysis of the
current energy consumption, of potential savings and
estimated payback for the proposed renovation package.
The graphic representations of typical details show core
elements of proposed intervention while complete over-
view of expected works, costs and savings is presented in
simple tables and charts. Finally, EPC sample is provided
for the pre-renovation and post-renovation state, show-
ing the energy class calculated in accordance with the
current Serbian national regulations [3] .

Selection of representative case studies

The buildings for the publication were selected to
represent diverse building types, varying in age, size,
building materials and envelope, as well as various
design approaches.

The data collected while working on the Nation-
al Typology show that the buildings constructed before
The World War | are scarce, with a share of only 3.83%
of the total building stock inventory by area. Many of
these buildings are also part of the protected architec-
tural heritage and all interventions are considered only
on case-by-case basis. [4] Therefore, buildings construct-
ed before 1918 were excluded from this study.

Buildings constructed between 1919 and 1945 present
6.27% of the present building stock inventory. Although
their share is also rather small, they are presented through
one case study (Building_01) that can be considered as
typical both for this period as for the older buildings which
are not subject to a special regime of protection. Buildings
like Building_01 can be found in all urban areas of Serbia,
even in small towns and communities that were some-
what depopulated in the post-war period.

The post-war construction period (1945-1960) is
presented by three case studies - Building_02, Build-
ing_03 and Building_04. This period accounts for 9.18%
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doHAa y3 unrbeHnLy aa je BehrHa miix, AaHac y nowem
CTatpy. KapakTepuily 1x jeAHOCTaBHe ManTepurcaHe daca-
[le Koje 13K1CKyjy peHoBMpamne. 3rpaae 02 1 03 cy oenosu
OTBOpeHMX 6N0KOBa, rae je 3rpaga 02 NpeACTaBHWK T3B.
,[1aB1bOHa" a 3rpaga 03 TMnrYHa Marba 3rpafa KOHCTPY-
ncaHa Ha uenoj Teputopujn Cpbuje 3a HoBohopMUpa-
Hy pagHuMuKy knacy. 3rpaga 04 je npencTaBHMK npole-
Ca v3rpafrbe y OKBUPY TPaAMLMOHANHOT rpafackor 610Ka
Ca KomepuujanHim cagpajem y nprsemsby. OBakas TUn
je noamM3aH Ha mMecTMMa 3rpafa CpyweHMX TOKOM paTa
nonyaajyhu ypbaHy matpuLly.

YcmepeHa ctambeHa marpaarsa (1960-1985.) je nepu-
0[] y Kome je n3rpaheHo BuLle of nonosunHe noctojeher
rpabesnHckor ¢oHaa. OHa ce KapakTepue npome-
HOM TexHomMorvje rpafme W npenacka ca Tpaavumo-
HanHe Ha caBpemeHuje NpedabpurKoBaHe 1 nonynpe-
dabpurkoBaHe cncteme. MNprmeTHa je v NojaBa YMTaBor
HY3a WYyn/bMX ONEeKapCKMX MPOM3BOAA KOj1 Ce KOpuCTe
33 Hocehe 31aoBe, TaBaHuWUe 1 dacagHe ncnyHe. 3rpa-
na_04 je npeACTaBHUK paHVjer neproga OBe TpaH3nLumje
nok cy 3rpaga_05, 3rpapa_06, 3rpaga_07 v 3rpaga_08
penpeseHTV PasINunTHX TUMOBa KOHCTPYMCAHKX Mpema
Pa3HOBPCHUM NpedabprKOBaAHMM CUCTEMUMA W HUXO-
BMM KOMOMHaLMjama.

Mepuop paHe TpaH3muvje (1985-1999) wnycTpyje
3rpapa_09, TMnnyaH npumep cTambeHor 610Ka KOHCTPY-
ncaHor y TypbyneHtHo fnoba. MpaheBunHcka perynatu-
Ba OBOr Meprofa je rotoBo uaeHTWUYHa EBOPNCKOj, ann
je npouec n3Boherba BeOMa NOW Ca BENMKMM Bpojem
rpewaka.

CaBpemeHa npakca (nepvog nocne 2000.) nnyctpyje
3rpaga_10. TunnyHa n3rpaarba KapakTeprcTUYHa 3a NPBY
nekaty 21 Beka, NpojeKkToBaHa 1 13sefeHa npe yeohera
BaxxeNMx Nponunca o eHepreTcKoj ePUKCACHOCTY 3rpaja,
anu y cknagy ca Taga Baxehum cTaHaapaom v 4o6pom
rPaAMTesbCKOM MPAkCOM Y3 MPYMETHO BULIW CTaHAapa
3aBPLUHVX MaTepwjana 1 onpeme.

AHanvsmpaHe 3rpage Cy npukasaHe Ha camum 1.

of the present building stock but most of these buildings
are in a rather poor condition. They are characterized by
simple facades mainly made from plain mortar which
needs to be refurbished. Buildings 02 and 03 are from the
open block matrix, Building_02 is a representative of the
so-called “pavilions” and Building_03 is representing a
typical smaller building, constructed all over the country
for the newly formed working class. Building_04 repre-
sents a construction within traditional city blocks, with
commercial space on the ground floor. Buildings like this
were erected on sites devastated during the war, filling
for the destroyed buildings in the city matrix.

Directed housing strategy (1960-1985) was the peri-
od during which more than half of the present build-
ing stock was constructed. It is characterized by a shift
in construction technologies from traditional to more
contemporary prefabricated and semi-prefabricated
systems. In this period a whole range of hollow clay prod-
ucts used for loadbearing walls, slabs and facade infills
were appearing on the market. Building_04 is a repre-
sentative of the earlier stages of this transition, while
Building_05, Building _06, Building _07 and Building _08
present various building types constructed using differ-
ent prefabrication systems and their combinations.

The early transition period (1985-1999) construction
is presented by Building_09, a typical example of hous-
ing blocks constructed in turbulent times. Building codes
of this period were almost aligned with European, but
the realisation was often poor, with numerous construc-
tion faults.

The contemporary practice (after 2000) is presented
by Building_10, a construction typical for the first decade
of the 21th century, designed and completed prior to the
introduction of current regulations in the area of energy
efficiency of buildings, but conceived to stand for good
practice and somewhat higher standards in terms of
building materials and equipment.

Analyzed buildings are presented in Figure 1.

Cnuka 1 - OpabpaHe 3rpage — Figure 1 - Selected buildings

YBog Introduction
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TepMOBU3UNjCKO CHMMaHE 1 NCMNTMBaHe

TepMOBM3VCKO CHUMarEe W UCMUTMBaHe 3rpaga
01-08 v 3rpaae_10 BpLWEHO je TOKOM 3UMCKOT NMeproa
2010/2011 1 2011/2012 Kao feo npoueca NpuKynsbarba
nofaTaka 3a m3pafy lepmoBM3nCjKOr atnaca beorpapa,
[OK je 3rpaga_09 ncnutreaHa TOKOM pafa Ha NPojeKkTy
y capaarm ca JM Tpaacko CtambeHo — beorpag. Tepmmny-
KV OMOTauM 1 peneBaHTHM AeTarby Gacada NCTPAKMBaHM
Cy Ca UWbem oLeHe TepMUUKmx nepdoMaHCH 3rpaga v
naeHTUdMKaLmje enemeHaTa ca HealekBaTHUM KapakTe-
PUCTUKAMA Tj. UHTEH3UBHW]M TOMAOTHUM ryouuyma. [5]

Op Oywar Virmsatosuh, ITCLEVEL 1 THERMOGRAPHER,
[OLeHT ApXMTEKTOHCKOT GakyTeTa y beorpagy je BpLuvo
CBa TEPMOBM3MjCKA CHUMArba M WMNCUTMBAHA Kapak-
TepUCTUKA 3rpafa NpeLaCcTaB/beHWX Yy OBOj MybmuvKa-
uvj.  Mcnutnearee je obaBrbeHo Kopulherbem Kame-
pe FlirB20, cneunjanusosaHe 3a yrnoTpedy y 3rpagapcTsy.
TepMOBM3MJCKM CHUMUM Cy aHanm3mpaHn kopunwhersem
Flir Therma Cam Reporter Ver. 9 codTBepa HameHCKor
anata 3a MHGpauLpBeHy Tepmorpadujy 1 13BellTaBarbe.

TepMOBUM3MJCKM CHUMLM 0fabpaHn 3a OBy nybnmka-
umjy ,ynapeHu” cy ca AHeBHWUM (BM3yenHum) doTorpa-
dvjama Uene 3rpage wnv GacagHor geTarba Y LWby
nojeHOCTaB/berba MOCTYMKa naeHTUdUKaLUVje Kapak-
TEPUCTUKA aHANM3MPAHNX enemMeHaTa Ha Kojuma M3me-
peHe TemnepaTtypHe BPeAHOCTY, MOCPEAHO, WIyCTpYyjy
Bapvjalyje y TepMrukim nepdopmaHcama. Mpnmersenu
WNYCTPATVBHY METOA je KOpULheH NPUANKOM KaMnarbe
noav3area CBECTW O eHepreTckoj edUKacHOCTY 3rpasa
nof Hasveom BuaeTn eHeprujy, OGHOCHO NpW M3paau
nctormeHe MoHorpaduvje [6].

MpadunuKkmM NpriKas KapakTepUCTUUYHMX AeTarba

ApPXUTEKTOHCKM AeTalbi Ca OMWCKMA W MpoadyHa-
TVIM BPeAHOCTVMa koeduumeHTa nponasa Tonnote (U) cy
NPMKasaHu 3a KapaKTepCTUUHY npecek dpacagHor cKno-
na cBake 3rpage. LipTexu cy HacTanu Ha OCHOBY nofaTa-
Ka AOBMjeHNX 13 OpUrMHaIHe TeXHUUKe AOKyMeHTauuje
Tamo rfe je To 6uno moryhe, ofHOCHO 063epBalinjama Ha
NLY MecCTa 1 pasroBOPOM Ca CTaHapyiMa Kao 1 eKcrnepT-
CKOM MPOLIEHOM.

Infrared inspection and imaging

Infrared inspection of Buildings_01-08 and Build-
ing_10 was carried out during the winter time of
2010/2011 and 2011/2012, as a part of collecting data
for the Belgrade IR Atlas while Building_09 was inspect-
ed while working on a project commissioned by JP Grad-
sko Stambeno - Beograd. Thermal envelopes and rele-
vant facade details were inspected in order to assess the
buildings’ thermal performance and identify elements
with inadequate performances, i.e. higher thermal loss-
es. [5]

Dr Dusan Ignjatovi¢, ITC LEVEL 1T THERMOGRAPHER,
assistant professor at the University of Belgrade — Faculty
of Architecture performed the infrared inspection, imag-
ing and analysis for all buildings presented in this publi-
cation. The inspection was carried out using thermal
camera FlirB20, specialized for building analysis. Infrared
images were analysed using Flir Therma Cam Reporter
Ver. 9, a software purposely designed for IR analysis and
reporting.

Infrared images selected for this publication are
always paired with photographs of a building or facade
detail in order to enable easy identification of char-
acteristics of analyzed elements. Measured tempera-
tures shown on thermograms of facade details illustrate
variations in thermal performance. Applied illustrative
method has been used in the, raising energy avareness,
campaign Seing Energy and in the process of creating
the monograph of the same title [6].

Graphic representation of typical details

Architectural details with descriptions and U-values
for thermal envelope elements are provided for each
building. The data for the drawings were collected from
original technical documentation where available, as
well as from in-situ observations, interviews with tenants
and expert estimations.

MpennoxeHe Mmepe 3a NobosbLIAHE EHEPreTCKe
edpukacHoCTn

MpeanoxeHa yHanpeherba eHepreTcke edUKacHOCTH
obyxBaheHa OBOM MybnVKaLMjOM OfHOCE Ce VKIbyun-
BO Ha apxXMTEKTOHCKe Mepe Kojuma Ce MOry 3HauajHo
no0o/bLAT TEPMUUKE KapaKTEPUCTUKE 3rpafe U He
yKIbydyjy moryha yHanpehersa crvcTema 3a rpejarse.

EHepreTcke notpebe 3rpage cy Hajehvim genom
OMPEKTHO 3aBUCHE Off CamMOr apXMUTEKTOHCKON pelleHa
— KOHLenTa, CKona v matepujanusauvje. [7] 3rpage ca
60JbMIM TEPMUUKIMM KapaKTePUCTMKaMa 3axTeBajy TepmMo-
TEXHWYKE CUCTeME Marber KanauuTeTa v OCTaB/bajy BULLE
NpOCTOpa 3a Aarba yHanpeherba Kao v 3a edeKTvBHYjY
ynoTpeby 0OHOBIBMBYIX 3BOPA EHepruje.

— ®MacagHu 31a0BU

Mpunrkom 13bopa NPeanoKeHnx Mepa eHepreTcke
caHauuje, GoKyC je 61O Ha CenekuUMju pellerba Koja ce
MOTY LUTO JeAHOCTaBHMjE NPUMEHUTH Y NpaKcK, majyhin
Y BMAY VIMOBMHCKO-MPaBHE OfHOCE, MPUHLUMME pery-
naumje y rpafckom TKMBY M BEOMa orpaHuueHe moryh-
HOCTW ynararba. Lnmb yHanpebhersa Huje 6o nocTtrzarbe
opnpeheHor eHepreTckor paspefa, Beh cy npeanara-
He Mepe KojiMa Ce MOKe 3HauajHO MoMpPaBuUTV KOMBOp
y NocTojehnm CTaHOBMMA, OAHOCHO YMarUTI TPOLWKO-
BM rpejarba y 3MMCKOM nepurogy. Mepe cy dopmynuca-
He Tako [a ce NPWINKOM MHTEPBEHUMje OCTBapYjy Bpea-
HOCTW KoedULMjeHTa NPOna3a ToNaoTe 3a AaTte No3numje
y Cknagy ca lNpaBUAHMKOM O eHepreTckoj ePprKacHOCTM
3rpaja, kao v da ce MMMIemMeHTaumnjoM NpeaioKeHor
nakeTa Mepa OCTBapyje NobOsblIake Off HajMakbe jefjHor
eHepreTckor paspefa y ofHoOCy Ha noctojehe cTarbe,
Kako je To ofpeheHo MNpaBUAHMKOM O YCNOBKMA, Cafp-
XUHN ¥ HaUMHY 134aBarba cepTMdrKaTa O eHepreTckmnm
CBOJCTBMMA 3rpaja.

BnacHmuka CTpyKTypa y CTamOeHUM 3rpafama 3Hat-
HO OTexaBa Mpouec nMnnemMeHTauuje mepa Koje 3axre-
Bajy CBeOOYXBaTHY MHTEPBEHLMjY Ha dacagHOM OMOTavy
3rpage. Kop Behux objekata uecTo je rotoBo Hemoryhe
nocTuhn JOroBOP OKO MHOMO MakbWx ynarakba (Hamp.
nonpaska MMTa, MHTEpOOHa 1 CN.), Te je BeoMa ANCKY-
TabvnHa peanHa MOryhHOCT caHauumje KOMMNIeTHOR

YBop Introduction

Proposed measures for improving energy efficiency

Proposed improvement measures presented in this
publication refer exclusively to architectural character-
istics, addressing the improvements of the building's
thermal performance and they do not include possible
improvements of heating systems.

The energy demand of a building is basically defined
by its architectural features — the concept, the layout
and the materialisation. [7] Buildings with better thermal
characteristics require thermo-technical systems with
smaller capacity and leave more space for their further
optimisation as well as for more effective use of renewa-
ble energy sources.

— Facade walls

While thermal characteristics of facade walls can
be upgraded in various manners, the proposed meas-
ures were defined focusing on highly applicable solu-
tions, having in mind ownership, building codes and
urban regulations, as well as limited financial resourc-
es. The proposed measures were designed not to
achieve a specific energy class but to improve comfort
in existing apartments while reducing heating costs. The
upgrades were formulated to meet the current regula-
tions in terms of achieving max. U-values defined in the
Rulebook on Energy Efficency of Buildings, as well as to
achieve mandatory improvement of energy class by at
least one grade as required by the Rulebook on Prerequi-
sites, Content and Procedure for the Issuance of Energy
Performance Certificate.

In multifamily buildings, ownership issues often pose
challenges in the process of implementation of measures
that require interventions on building’s thermal enve-
lope. In huge apartment blocks it is often almost impos-
sible to achieve consensus regarding small investments
(ie. repairs of elevators, intercom systems etc), so the
actual probability of facade refurbishment on such struc-
tures with complex technical and financial demands is
quite questionable in practice. Even so, the refurbish-
ment measures for sample buildings were defined and
presented in a way that would clearly point out the

(@]
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dacagHor NnaTHa Ha 3rpajama ca BuLle AeceTrHa CTaHo-
Ba, BUCOKMM Ob6jeKTiMa rae je noTpebHa BenvKa ckena,
aHraxoBarbe CKyne MexaHv3aumje, CNoXeHa TexHM4Ka
pellera Koja M3NCKYjy KBanUUKOBaHY pagHy CHary u
cn. Vinak, Mepe caHauwmje Cy KOA aHanm3mpaHux ctambe-
HWX 3rpafa dopmyncaHe 1 NpurKasaHe ynpaso aa bu ce
yKasasno Ha noTeHuUujanHe NMoBOsbHe edekTe nojefuHnX
pellerba 1 Ha Taj HauMH akTepy MOTUBMCANW Aa Ce youe-
HV Npobnemn npeasunhy.

Y KOHTEKCTY TEPMUUKMX NepGOpMaHCK CTambeHmX
3rpaja, AofaTHa Tepmou3onauvja uma Hajulle edek-
Ta aKo Ce MOCTaB/ba Ha CMOJballFbOj CTPaHW. 3a 3rpa-
[le jeiHOCTaBHe reomeTpuje 1 3aBpluHe obpaje, OBO je
Hajborbe W Hajucnnatverje peluerse. [laHac Ha Hallem
TPXULITY NOCTOje U GacafHW CUCTEMM Ca TaHKOCIOJHOM
3aBPLIHOMOBPaAOM KOj1 OMoHaLLajy pacaaHy oneky, ApBo
1 apyre GacagHe obsnore, Te ce 1 OPUrMHANHW NIMKOBHM
13pa3 MOXKe JOHEeKe cadyBaTh. VInak, y cuTyaumjv Kaga je
OBO peluerbe NPeBuLLe CKyNo WM HEM3BOASBUBO YCIEn
3aKOHCKMX WIN TEXHUYKMX OrPaHmnyerba, Jo4aTHa TePMO-
n3onaumja ce Moxe NMoCTaBUTK 1 Ca yHyTpaLlHbe CTPaHe,
31Aa anv TO NOAPa3yMeBa CMarberbe KOPUCHE NMOBPLUKHE
CTaHOBa Kao v moryhe npobneme ca KOHAEH30M.

— T[lpo3opwu

3ameHa dacaHe CTonapwje npeactaBfba jedaH of
HajedUKaHW|MX HaUMHa [a Ce 3HauajHO peayKyjy TonnoT-
HV ryouumn, anv 1 Aa ce yHanpene u Apyru acnekTu
Komdopa Kof nocMmaTpaHvx 3rpaga. [lobap keanuteT u
npasniHa yrpadkba npo3opa 3HayajHoO CMakbyjy TOnaoT-
He TPaHCMWCUOHE W BEHTUNALMOHE TOMIOTHE ryouTke y3
noborbllarbe jBanuTeTa YHyTPALIFEr Ba3ayXa 1 3ByUHe
n3onauyje. Yrpafrbom npo3opa OnpemsbeHux Cnosba-
WHWM pOoNeTHaMa MM 3amMeHoM NocTojehnx HOBUM Ca
TEPMOM30/1aLUMOHOM MCMYHOM CMNOSballibyl HEraTuBHM
yTVLajK Ceé MOTy MPUMETHO CMarbUTU Kako y 3MMCKOM
TaKo W'y NeTHEeM Nepuoay.

Y npegnosnma yHanpehersa, 3a OBy no3nuumjy je
ycBajaHa [MBLl ¢dacagHa cTonapumja Kao HajjedTuHje
pelwere. Tpeba HanomeHy TV Aa je, npema NpaBunHmKy o
eHepreTckoj edUKaHOCTM 3rpaja, MakcvmanHa 4O3Bosbe-
Ha BpPEeAHOCT KoeduumjeHTa nponasa TornoTte GpacaaHe

potential benefits of such interventions, thus motivating
the stakeholders to overcome those challenges.

Regarding the thermal performance of multifamily
buildings, the additional thermal insulation is the most
effective if placed on the exterior surface. For buildings
of simple geometry and finishing treatment this should
be considered as the best and cost-effective solution.
Currently, on the market there are facade systems with
a finishing treatment that provide appearance of facing
brick, wood elements etc. so even those visual quali-
ties can be preserved to some extent. However, in cases
where this is too costly or faced with legislative or tech-
nical barriers, additional insulation can be placed on the
interior side of facade walls but this implies reductions
of the net area of the apartments and potential build-
ing physics problems i.e. condensation behind the insu-
lation layer and possible mould growth.

— Windows

Window replacement is one of the most efficient
methods for the reduction of thermal losses but it also
offers a potential for improving other aspects of comfort.
Good quality and propper installment are significantly
reducing transmission and ventilation losses improving,
at the same time, internal air quality and sound insula-
tion. By installing windows equipped with external roll-
er shutters or by changing old ones with insulated ones
negative external influences can be dramatically reduced
bot in the winter as well as in the summer season.

In improvement measures for this position PVC
window frames are usually recommended, since they are
most economical. It is worth mentioning that, accord-
ing to the Rulebook on Energy Efficiency of Buildings,
maximal allowed value for heat transfer coefficient is
1.5 W/m?K, and that our market is largely dominated by
underperforming products. Every energy refurbishment

cTonapvje 1.5 W/m?K, Te ga Cy Ha Hallem TRXULWTY 1
Jla/be BEOMA 3aCTYrM/beHN MPOU3BOAM KOjU He UCMyHa-
Bajy OBaj YC/IOB. [1pUrKomM CBake eHepreTcke caHaumje
o0baBe3HO 61 Tpebano pPasMoTPUTA 1 onuuje yrpaare
nnr nobosbliakba nocTojehux 3acTopa. Kog ceunx obpahe-
HWX 3rpafa, 3amMeHoM dacagHe ctonapuje obyxsaheHa je
1 yrpagHa Crosballtbkx 3acTopa.

— PaBHW KpOBOBY

Kogn BehurHe 3rpafa ca paBHMM KPOBOBKMA, Y OBOM
efleMeHTy TEPMUYKOr MOTaua Beh NMocToju 13BeCHa, ann
FOTOBO MO MPaBWly HeJOBOSbHA, TepMMYKa M30auvja.
MpasunHnkom m3 2012, roavHe 3HaTHO Cy pefyKoBa-
He MakCMManHe [O3BO/beHe BPeAHOCTU KoeduumjeHTa
nponasa ToMoTe 3a PaBHe KPOBOBE, Tako [ja Ce 3a CBe
3rpaje NpojekToBaHe No MPETXOAHUM MPOMVCHMA MOXe
CMaTpaTV fja Cy Aaneko ncnof saxeher Hopmatmea. Ocum
TOra, 360r cnabor (4ecTo HUKAKBOT) Of]PXKaBatba, Ha OBUM
3rpafamaje, no npaswiy, nponana v xmapovsonawmja Luto
[OBOAV [0 Lypera Koja ce peluaBajy, Hajuewhe genn-
MUYHMM CaHaumjama. CnojeBu Koju Cy ycnen NpoKMLLHba-
Batba OMW Y KOHTAKTY Ca BOLOM, BPEMEHOM CY U3rybu-
JIN CBOja TEPMOM30S1aLMOHa CBOJCTBa Te Cy KO OBaKBMX
3rpaja peasnHe TepMuUKe KapakTepucTMKe jow nolmje
Of, MPOjeKTHMX (MPOPAYYHCKIX).

YwTepe eHepruje Koje ce 0CTBapyjy CaHaLmnjomM paBHOT
KpoBa Cy, Ha HMBOY Lienor objekTa, Mase, anu je rerosa
no3MUVMja K/byYHa 3a CTaHOBE Ha MOCNefrbUM eTaxkama.
Kapna ce carnenasa KOMMneTHa MHBECTUUM]a, TPeba MMaTy
y BUOY [a je eHepreTcko yHanpeherse camo aeo npobne-
Ma KOju Ce pellaBajy caHaLMjoM paBHOr KpoBa 1 fda ce
OBe VHTepBEHLMje carneasajy y Wpem KOHTEeKCTY.

Tpeba HanomeHyTM Aa Ce CaHalWja PaBHOM KPOBA
MOPa PagnTX Ha LeNoj NOBPLUMHK, OA4HOCHO napuujan-
Ha pellehba Cy Hajuelwhe NprBpemMeHor KapakTtepa 300r
npobnema KOHTUHYMTETA U UHTErpuTeTa Xuapow3ona-
umje. OBakBe UHTepBEHUWje, Takohe, Mory 6uTK 1 1obpa
NPUAKKA 33 aKTUBMPArbe PABHMUX KPOBOBA, POpMUpParbe
3ajejHUYKNX 3eNeHVX 1 CNOBOAHMX MOBPLIMHA Koje 6,
Y3 3HaYajHO MOOObLUAHE TEPMUUKMX KAPAKTEPUCTHIKA,
nopatHo yesehane BpeHOCT CTaHOBA Y 3rpaau.

YBop Introduction

should always consider the installment or improve-
ment of the existing shutters. All analyzed buildings
were equipped with external shutters in the process of
window refurbishment.

— Flat roofs

Some thermal insulation is often already preinstalled
within the flat roof layers, but it is in most cases insuffi-
cient and underperforming. The maximum U-values for
flat roofs were significantly reduced in the Rulebook from
2012, so all buildings designed according to the previous
building codes and regulations today should be consid-
ered as a lot below current norms. Another typical issue
regarding flat roofs is the inadequate (or none) mainte-
nance that results in poor and damaged hydro insulation
and leaking. This leaves thermal insulation unprotected,
soaked and in direct contact with water, which results in
loosing its insulating properties, so the de facto thermal
performance of such elements is even worse than the
designed (calculated) ones.

The effect of roof renovation on overall thermal
performance of a whole multifamily building is very
modest, but it may be crucial for improving the comfort
in the apartments below the flat roof. When it comes to
total investments, it should be taken into consideration
that energy efficiency is only one of many issues that may
be resolved by roof refurbishments and upgrades, and
these interventions must be seen in a wider context.

Flat roofs should be refurbished entirely at once, since
that is the only way to ensure the proper (continuous
and well installed) hydro insulation. Such interventions
may also be a good opportunity to activate new func-
tions on a flat roof, they can enable the creation of useful
green and open spaces which, in addition to improving
the energy performance, may also increase the property
value.

The proposed measures for sample buildings includ-
ed removing damaged and disfunctional layers of flat



Cauysaj eHeprujy Conserve Energy

MpeanoxeHe mepe kof objekaTa Koj Kojuix je pa3ma-
TpaHa CaHaluwvja paBHOr KpoBa obyxsaTane Cy 3ameHy
owTeheHvx cnojeBa 1 NocTasbarbe AoaatHe XPS Tepmo-
nzonaunje y 0ebrmuHN HEOMXOOHO] Aa oK ce UcnyHUm
3axTeBN Y NOMefy MaKCUMANHUX AOSBOSbEHNX BPEAHOC-
TV KoeduUMjeHTa Nponasa Tonsnote U.

— Kocu KpoBoBH

Kop cTaHoBa y NOTKPOBHOM MNpoCTopy, Hajuelwhe seh
NOCTOjM TepMOM30nauKja y Cnojesnmva KpoBa. [ie je Hema,
WK je HeOBOJ/bHA, Npefyiaxe Ce MOCTaB/barbe TepMO-
n3onaumje y Hajaebrbem Cnojy Koju je moryhe peanw-
30BaTh Y KOHKPETHOM Cydajy 6e3 Behux TexHWUKMX
Komnmkaumja. OBe mepe Cy eKOHOMCKI BeOMa UCaTy-
BE, HAPOUMTO Kafla ce peanvsyjy Npuiavkom agantaumje
CTaHa. PagoBun ce n3Bofe y NpocTopy CTaHa, ynararba
HWUCY BelMKa, a TOMNOTHU KOMdOp OMBa 3HauajHO
yHanpeheH 1y 3VMCKOM 1 y neTHem nepuogy. MNapHom
6paHom Tpeba CnpeunT NOTeHUMjANHW KOHLEH3 Y 30HK
TepmMou3onaumje, a YKomKo 1MMa ycnoBa (HapoumTo ako
Ce paau v caHalmja KpOBHOT NMoKpyBaYa), Tpeba obe3be-
OUTU 1 BETPEHW CI10).

— MebhycnpatHe KOHCTpyKuMje npema HerpejaHom
TaBaHCKOM MPOCTOPY

Kop 3rpaga rae je To TexHuuky moryhe v noruy-
HO peluerbe, MpefflaraHo je nocTaB/bakbe TepMOn30sa-
uyje ca roprbe CTpaHe, y TaBaHCKOM NpocTopy. [ocma-
TPaHO Ha HWBOY Lene 3rpage, ydewhe ose nosuvuvje y
TOMNOTHUM TybuLMMa je BeOMa Mano, Te ce 1 nobosb-
Wwarba cnabo ofpaxasajy Ha YKymnaH eHepreTcku ounaHc
3rpajie. 3a CTaHOBE KOjU Ce Hanase HemocpenHo 1Cnog
OBakBe KOHCTpyKUuje, MehyTum, CBako mnobosbliare
TepMou3sonaumje aaje Benuke OeHeduTe. [MpUnUKom
NHTEPBEHLMja Ha OBMM eNIeMEeHT1MA, BNAaCHULMMa OBMX
CTamMbeHUX jeavHMLa MOXe BUTU Y MHTepecy Aa Camiu
duHacMpajy nocTas/batbe fedrber TepMon3onauyioHor
Cfioja Of OHOI KOjW je HeomnxofaH Aa Ou ce UCryHuo
3aKOHCKM MUHVMYM.

roofs and installing the XPS thermal insulation in the
thickness which is sufficient to meet the current legis-
lative requirements when it comes to the maximum
U-values.

— Pitched roofs

Some thermal insulation is usually already installed in
pitched roofs, especially where there are loft apartments.
In cases where there is no thermal insulation, as well as
in cases where the existing thermo-insulating layer is
insufficient and underperforming, it is always advisable
to install the thickest possible insulation, having in mind
technical and spatial conditions. Such interventions may
be very feasible, especially when done during apartment
renovations. Works are done in the interior, costs are not
too high and thermal comfort is significantly improved,
both in the winter and summer season. Special atten-
tion should be paid to vapour control, both in terms of
choosing proper material for thermal insulation as well
as providing for an adequate vapour barrier layer. A venti-
lated roofing construction should be provided wherever
technically possible.

— Ceilings to the unheated attic

For all buildings where this was a technically acces-
sible and logical solution, the proposed measure for
improving energy efficiency was placing the layer of
thermal insulation on the top (in the attic space). This
element’s share in total breakdown of building’s heat
losses is minor, so the improvements barely reflect on
resulting energy balance. However, for the apartments
directly under such constructions, any improvement in
thermal insulation brings additional benefits. The owners
might have interest in investing into thicker thermal insu-
lation than the one necessary to meet the current build-
ing codes.

— MebycnpatHe KOHCTpyKuMje npema HerpejaHom
NoAPYMCKOM NPOCTOPY

VIHTepBeHUMje Ha TaBaHWLaMa V3Ha[ HerpejaHux
NOAPYMCKMX MPOCTOPWja HUCY YKIbyUeHe y aHanmsnpa-
He nakeTe mMepa byayhwv fa 0BM eneMeHTV 1majy, MoCMa-
TPaHO Ha HWBOY Lene 3rpaje, BeoMa mano ydelwhe y
TOMNOTHUM TyBuUMMa [OK Cy Ofuuje 3a HbKXOBY CaHa-
LMjy Hajuewhe Beoma orpaHmnyeHe (CMarbyje ce BMCMHA
y NOAPYMCKUM MPOCTOPKMjama).

— [lopoBn Ha Ty

CaHauuja nofgoBa Ha Ty Huje nocebHo pasmaTtpa-
Ha, Oyayhwv fa ce M3WCKYjy BenviKa ynararba y3 6pojHe
TeXHWYKe noTelwkohe Te 1x 1mMa CMUCIa U3BOAMTU Camo
npv 0OOMMHWjOM PAZJOBKIMA Ha PEHOBMPAHY CTaHa.

— MebycnpaTHe KOHCTpyKUMje W3HaA HerpejaHux
CNOJbALLFLIX 1 YHYTPALLFbMX MPOCTOPA

EnemeHT nonyT mMehycnpaTHmX KOHCTPYKUMja M3Hag
HerpejaHmnx NPoCTopa HUCY Pa3MaTpaHn y CKNoMy npea-
NOMKEHNX NaKeTa MOLITO je HKXOBO yuelhe y TONIOTHUM
rybvLMma Mano, a eBeHTyanHe mepe yHanpeherba ce mory
[OCTa pas3nuKkoBaTy of Cilyyaja 4O Ciydaja. Vinak, kapa
MM Ce MOXE IaKo MPUCTYNUTY, CaHauujy OBKX enemeH-
Ta CBakako Tpeba pasmoTpuTi. Y CiydajeBUMa Kaga Cy
noTpedHW APy PafioBM Ha TakBMM No3vUMjama (3ameHa
CnyLwTeHor nnadoHa, paceeTe U CI1.), He Tpeba NPOMyCTUTY
NPUIKKY Aa ce NoCTaBu 1 JOAATHM CI10j TepMon3onauuje.

— 3WA0BK MPema HerpejaHnm NpocToprma

31A0BW NMpeMa HerpejaHnM NpoCTopmMMa KOA CTaM-
6eHwX 3rpafia 3anpaso Cy 3MA0BK MpemMa CTEeNeHULITUMA,
XOAHVLUMMA, MUGTOBMUMA, TEXHUYKAM 1 MOMONHMM Npoc-
Topujama. Yuelwhe 3uaoBa npema HerpejaHom cTerne-
HULWTY Y YKYMHOM €HepreTckom bunaHcy 3rpage Bapu-
pa of ncnog 1,5% po suwe of 25%, a y Npoceky n3Hocu
oko 11-12% (hykosuh Wrrsatoswh, 2016) Tako ga 6u
yHanpehersa OBOr Aena TepMUYKOr OMOTaya CBaKako
Tpebano pasmMoTpuTK. Y aHanm3mpaHm npuMeprMa, 0Ba
nosnuuja je nprkasaHa y OKBUPY MPeiokeHOr nake-
Ta Mepa ynpaBo fa b1 ce CTekao yBWA y NoTeHUujanHe
edeKTe FheHor caHvparba.
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— Ceilings to the unheated basement

Improvements of ceilings to the unheated basement
were not included into the proposed packages because
these elements have a minor share in building’s thermal
losses while options for their refurbishment may often
be very limited because of insufficient space (placing
additional thermal insulation reduces the height in the
basement).

— Ground floors

The energy rehabilitation of ground floors was
excluded from this study since such interventions are
very costly, often with many technical challenges, and
may be carried out only as a part of major renovations of
an apartment.

— Ceilings above exterior spaces and ceilings to the
unheated interior spaces

These elements were not included in proposed
packages because their share in heat losses is minor
and the refurbishment measures are very case-specific.
However, when easily accessible, such elements might
be considered for energy upgrades. In cases where the
some maintenance work is required, it is highly advisa-
ble to link these works with providing adequate thermal
insulation for this part of a building.

— Walls to the unheated spaces

In multifamily buildings, walls to the unheated spac-
es are, in fact, the corridor walls, or walls to the staircases,
elevator shafts, technical and storage spaces. The share of
these walls in the building’s energy balance varies from
below 1.5% to above 25%, with an average of 11-12%
(Cukovi¢ Ignjatovi¢, 2016), so the potential benefits from
upgrading this element should be taken into consider-
ation. This element is included in proposed packages
for sample buildings in order to provide information on
potential effects of corridor walls improvements in vari-
OUS Cases.

In many buildings, however, the rooms next to the
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Kof MHorux 3rpafa, Mehytvim, npema crenenmu-
HOM MpPOCTOPY Hanase ce NpocTopuje MomyT Kynatu-
Na, KyXuba, OCTaBa 1 CJ1. Te Ce TakBa MHTepBeHUMja He
61 3HauajHO ofpa3una Ha KoMPop y CTambeHUM npoc-
Topujama. Takohe, y 3rpagama rae Cy CTeneHuWHN Npoc-
TOP W XOAHWUY AVIMEH3MOHNCAHN MPeMa MUHVMAIHIM
NponucaHnM AvMEH3Mjama, 3anpaso fa W He NoCToju
MOryRHOCT HaKHaHOr MOCTaB/barba Tepmom3onauuje,
Beh ce 31MJ0BM Npema HerpejaHm NPOCTOpUMa EBEHTY-
aflHO MOTY M30M10BaTV Ca YHYTpallke CTpaHe, HaywTpo
KOPVICHE NOBpPLUNHE CTaHa.

AHasnu3a y30pKa 1 CLieHapro nepuoga otnnare

3a NpennoXeHW nakeT Mepa 3a CBaky of obpahe-
HWX 3rpafa n3BpLUEHa je NpoLeHa NHBeCTULMje 1 nepun-
ofia otnnate. Y NpBOM KOpaky Cy WAEHTUOMKOBAHM
efeMeHTN TepMUYKOr OMOTaua Koju reHepully Hajsehn
[1e0 TOMNOTHUX rybuTtaka. EnemeHTn Koju Moxaa Hemajy
KSbYUHY YI0ry Y TEpMUUKMM NepdopMaHcama 3rpaje anm
KOjU1 3HaYajHO yTM4dy Ha KOMOpP Y NojeanHIM AeNOBMMA
3rpaje U Cy y oWweMm CTarby U U3UCKYjy CaHauujy 1 BaH
KOHTEKCTa eHepreTcke epuKacHOCTK, Takohe Cy yBpLL-
TeHV y aHanmse. tbnxos neprop oTnnate, 1ckasaH Ha
OCHOBY OCTBapeHVX eHepreTckMx ywTeaa je npuivyHo
[yravak, anu, 3a enemeHte Koju cy owTteheHun 1 HedyHK-
LMOHAIHW, MHBECTMLMja je 3amnpaBO Heonxo4Ha.

Y pyrom Kopaky pasmoTpeHe cy onuuje yHanpehera
33 CBaKW enemMeHT MoHaocob, vMajyhun y Buay apxu-
TEKTOHCKA M TEeXHWYKa OrpaHuyerba Kao 1 aKTyesiHy
parynatusy. TonnoTHA rybuum Cy padyHaTv y CKiagy ca
Bakehum [MpaBUIHMKOM O eHepreTckoj edukacHoCTn
3rpaja — 3a CBaky Mepy MOHA0CO0, Kao 1 3a paznuun-
Te MakeTe Kako b1 ce yTBPAWUIO Koje MHTepBeHUuje Cy
penesaHTHe 3a AaTy 3rpady. [lpopadyHate cy 1 ywrtege
KOje MPOUCTNYY 13 CBake Of NPeisIoKeHX Mepa, Te je,
Ha OCHOBY FbMX ¥ TPEHYTHMUX LieHa Ha Halem TPXMLWTY
npoLerbeH 1 neprog oTnnare.

KOHauHO, pasMOTpeHV Cy  PasnyuUT  MaKketu
yHanpeherba (KoMBUHaLMje nojeanHadHnx mMepa) 1
NPEANOKEHN MAKET je LeTa/bHO aHanv3npaH, a pesysn-
TaTV Cy NpwvKasaHu y CMHTe3HOj Tabenu ca nopauviMa o
Pa3MOTPEHNM Mepama 1 yHanpehernma, NpoueHeHrM

corridors are, in fact, bathrooms, kitchens, closets and
other service areas, so the reduced thermal losses would
not have full impact upon the comfort in the living areas
of the apartment. It should be noted that in many build-
ings the dimensions of corridors and staircases do not
allow almost any reduction, while installing the addition-
al thermal insulation with proper finishing would require
6-10cm in order to meet the current regulations. The
insulating layer can be installed within the apartment,
reducing the apartment’s net area.

Sample analysis and payback scenarios for case studies

Various payback scenarios, together with the esti-
mated investments were considered for each sample
building. As a first step, elements of the thermal enve-
lope that generate the major portion of the heat loss-
es were identified. Considered were also elements that
may not be crucial for the overall building performance
but which are related to significant discomfort in certain
areas and are in poor condition, requiring repairs which
are not related exclusively to the energy efficiency. . Their
payback period calculated via energy savings is rather
long, but for the dysfunctional and obsolete elements
the investment is actually necessary.

Secondly, the improvement options were considered
for each element, having in mind technical and architec-
tural constraints, as well as current regulations. Heat loss-
es were calculated according to the current Rulebook on
Energy Efficiency of Buildings for each measure separately
as well as for various packages in order to determine which
interventions are relevant for each building. The separate
savings deriving from single element improvements were
calculated as simple payback with current prices.

Finally, various refurbishment packages (combina-
tions of single-element improvements) were consid-
ered and the proposed package was calculated in detail,
resulting in a summary table showing measures and
improvements taken into the calculation, estimated
savings and payback period deriving from such inter-
vention. Initial investment is calculated in total, but it is
also presented as investment per 1m? of heated area and

NHBECTULMjaMa 1 Nepuoarma oTnaTe Koju npousunna-
3e u3 ogpeheHe MHTepBeHUMje. YKynHa MHBeCTUUM]A je
padyHaTa Ha HWBOY 3rpaje, anu je Takohe npuKasaHa U
Kao vHBecTMUMja no 1m? of rpejaHe NOBPLUMHE Kao ¥ Mo
CTaHy.

EHepreTckm 1 eKOHOMCKI acnekTy NojeAVHaUYHKX Mepa
caHauuje 3rpafa 13 HaumoHanHe Tunonoruje ctamoeHmx
3rpaga Cpbuje ce Mory ncTpaxmeatit 1 nomohy copreep-
cKor naketa ,EE kankynatop” (eekalkulatorgov.rs))

EHepreTcke notpebe koje ce Be3yjy 3a enemeH-
Te TEPMUYKOT OMOTaua yK/byUYeHe y NpeanoxeHn naket
[laTe Cy Ha Avjarpamy ca napanesiHo NprKasaHim Bpes-
HOCTMMa nocTojeRer 1 peHOBMPAHOT CTakba Kako Ov ce 1
rpaduuKm 1 HyMepuuKI NprKasann edpextr yHanpehersa
Ha eHepreTcke notpebe 3rpafe. HajsaHUMbLMBYja 3ana-
Xakba M3 UCMUTMBAMbA PasNMYUTX MakeTa U anTepHa-
TUBHMX CLEHapvja eHepreTcke caHauuje 13noxeHe cy y
HanomeHama Koje npate Tabene 1 rpagurKoHe.

[eTtarbHa objalrbersa Tabena v Anjarpama aaTa cy Ha
CTpaHu 22.

MpopauyH cepTndUKaTa O eHepreTCKUM KapakTe-
puUcCTMKama 3rpaga (eHepreTcku macow) 3a npumMepe
y CKnagy ca CprckuM nponucrmMa U3 obnactn eHep-
retcke edrkacHoOCTU

MoTBpHa O eHepreTCKVM KapakTeprcTKamMa 3rpada
ypaheHa je 3a cee npwmepe. EHepreTka edprkacHocT je
M3pauyHaTa Ha OCHOBY ofrosapajyhux nponuca n nogsa-
KOHCKVX aKaTa. [popadyH je um3spleH Kopuwherbem
KnaufTERM 2 PRO v. 26.2 — Cpbuja codTBepa. Ynas-
HW Mojauy 3a MpopauyH Cy MPWKYMSbeHN Ha OCHO-
BY TEXHMYKe AOKYMEHalWje Kao M Ha OCHOBY obunac-
Ka aHanm3mpaHux objekaTa, pa3roBopa ca CTtaHapuma u
EKCMepTCKMM NMpoleHama.

MpopayyH eHepreTcknx nepdopmaHcK je, No UCToj
METOAONOr )W, CMPOBELEH U MO NPUMEHV MePa OHOCHO
nakeTa NoboJbllaka, Kako by Cce Oapeamno eHepreTcku
paspen yHanpeheHor cTarba.

Ba3nyHa nojallrbersa y Be3u ca nprmMereHOM HOMEH-
KNaTypom Koja ce Kopwctu y okeupy CepTudurkata o
eHepreTckm nepdopmaHcama Cy aTv UCnof OArosa-
pajyhe ckane 3a cBaky 3rpagy.

YBop Introduction

investment per flat.

Energy and economic aspects of individual meas-
ures for improvement of representative buildings from
National Typology of Residential Buildings in Serbia can
be explored through the software package “EE calcula-
tor” (eekalkulator.gov.rs.)

For thermal envelope elements included into
proposed package, a chart is provided showing the pre-
renovation and post-renovation energy needs relat-
ed to each of those elements in order to graphically
and numerically present the effects of improvement on
the building's energy consumption. The most interest-
ing observations from the various package analysis and
alternative refurbishment scenarios are described in the
notes accompanying the table and the chart.

Detailed explanations for tables and charts are
provided on page 22.

Calculation of the energy performance certificate
(energy passport) for case studies according to serbian
energy efficiency rules and regulations

The Energy Performance calculation is produced
for all buildings. Energy efficiency calculations were
performed for each building in accordance with the
Serbian energy efficiency rules and regulation. Calcula-
tions were performed using KnaufTERM 2 PRO v. 26.2 -
Srbija software. The input data for the calculations were
collected from the original technical documentation
where available, as well as from in-situ observations,
interviews with tenants and expert estimations.

Energy performance calculations were performed,
using the same methodology, for the proposed improve-
ment package in order to show the potential EPC grade
after the retrofit.

Basic explanations regarding the nomenclature used
on EPC form are provided below energy rating graph for
each building.
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Objalwtbere TEXHNYKMX TePMIMHA 1 NMoAaTaka Npe3eH-
TUpaHuX y Tabenama v Ha rpadprKoHMa

— Tabena [Mpernen OCHOBHWX Mepa 3a Nobosbliarbe
eHepreTcke edUKaCHOCTH

- Tabena npepacTas/ba OCHOBHE MOAATKE y Be3W Ca
0flabpaHnM apXUTEKTOHCKUM Mepama 3a yHanpehere
eHepreTcke eprKaCHOCTY aHanvsmpaHe 3rpage.

- KonoHa [lo3 wupeHTUOUKYje enemeHT TepMUUKOr
omOTaya Koju Ce MOoxe yHanpeauTy Ha HUBOY KOju 1Mma
yT1U3ja Ha YKYMHe eHepreTcke neppomaHce 3rpage.

- KonoHa HeonxogHe nonpaske W/onv CaHauvja
yKasyje Ha efiemeHTe TepM1UYKor OMOTaua Koju ce Mopajy
00HOBUTW 6e3 063vpa Ha yHanpeherbe eHepreTcke
edvkacHocTV (owTehern mav Ha APYrv HauMH HeOAro-
Bapajyhu enemeHTn).

- KonoHa Yyewwhe y TPaHCMUCUOHUM TOMAOTHAM yOu-
UMMa NpUKasyje NpoueHaT rybuntaka Kpo3 aHanm3mnpanm
enemMeHT y OIHOCY Ha YKyrHe TOrnfoTHe rybutke 3rpage.
Buiwe BpeHOCTH yKasyjy Ha noTeHumjan yTvuaja Ha yKyn-
He nepdoMaHce 3rpage No NPUMEHK NOCTYMKa CaHauuje.
- KonoHa Mepe yHanpehetba eHepreTcke eprkacHOCTM
[aje KpaTk1 ONuc Mepe Koja je y3eTa y 0631p NpUIMKOM
npopavyHa ywreda 1 nepuofa nospahaja nHeectuupje.

- KonoHa JeauHuuHa UeHa mpukasyje UeHy (no m?)
npefioxeHe mepe. BpeJHOCT MOXe BapMpatv y 3aBuc-
HOCTM Ofi ofabpaHor Matepujana, NOKanHUX LeHa Mate-
purjana v paga. 3a enemMeHTe KojuMa je HeonxoaHa CaHa-
UMja HeBe3aHO 3a eHepreTcKy edprKacHOCT OBa BPeLHOCT
Ce MOXe MPKKa3aTh 1 Kao pasvka n3mehy ctaHgapaHe
1 eHepreTcke caHauuje.

- KonoHa Totan mpukasyje npouerbeHy MHBeCTMUmjy
33 NPeanoXeHy Mepy OAHOCHO MakeT Mepa padvyHajyhu
maTepujan v notpebaH paa. JomaTHY TPOLIKOBU KOju
YK/byuyjy v3pafy npojekTHe AOKyMeHTauuje, aaMnHU-
CTPaTMBHE Takce 1 Apyre Takce HIUCY padyHaTL.

- KonoHa Qh,an npefcrae/ba NpopavyHCKy BpeAHOCT
noTpebHe eHepruje 3a rpejarbe (roauiitba NoTpeda ncKka-
3aHa y kWh no m?) ca npeanoxeHom MepoM OHOCHO
MaKkeTOM Mepa MPUMEHEHOM Ha aHanv3vpaHy 3rpagy.

- KonoHa EC (EPC) npwukasyje eHepreTcku paspef
aHanM3MpaHe 3rpafe nocae npuMeHe npesioKeHmx
Mepa OHOCHO NakeTa Mepa yHanpehetrba.

Explanations of technical terms and data presented in
tables and charts

— Table Review of Main Energy Efficiency Measures
The table presents basic data regarding selected
architectural measures for improving energy efficiency
of a given building.
- The column Pos. identifies the thermal envelope
element that could be improved in a level that might
reflect on the overall building’s energy performance.
- The column Necessary repairs and/or renovation
points out to the thermal envelope elements that need
to be repaired or refurbished regardless of energy effi-
ciency improvements (damaged and otherwise obso-
lete elements).
- The column Share in heat transmission losses shows
the percentage of overall heat transmission losses that
occur via the given element. The higher the value, the
more likely it is to significantly reflect on the overall build-
ing's performance after renovation.
- Thecolumn Energy efficiency improvement measures
gives a brief description of a measure that was taken into
consideration while calculating savings and payback.
- The column Unit price displays the calculated unit
price (per m?) for the proposed measure. This may vary,
depending of chosen materials, the local pricing of mate-
rials and labor. For elements that already need renovation
regardless of energy efficiency improvements, this value
can also be calculated as a difference between meeting
mandatory and proposed thermal characteristics for the
specific measure.
- The column Total shows the estimated investment
for the proposed measure/package — materials and
labor, additional costs regarding design documentation,
administrative taxes and other fees are not calculated.
- The column Qh,an presents calculated energy needed
for heating (@annual demand in kWh per m?) with proposed
measure/package implemented on a given building.
- The column EPC shows energy class of a given build-
ing after implementing proposed measure/package.
- The column Energy saving presents reduction of
energy needed for heating of a given building after
implementation of the proposed measure/package.

- KonoHaYwreaa eHepruje npeacTaBiba CMaHeHe KOMn-
YMHE eHepruje HeOMNXOAHe 3a rpejarbe aHanvsmpaHe 3rpa-
[ie N0 NPMUMEHM Mepa OAHOCHO NakeTa Mepa yHanpeherba.
- KonoHa lognwmba ywreaa npukasyje ywrege y Espu-
Ma 33 Uefly 3rpagy npolerbeHe Ha OCHOBY CMarbeHe
noTtpebe 3a eHeprvjomM No NPUMeHN NPeaNoKeHNX Mepa
O[HOCHO nakeTa Mepa yHanpeherba.

- KonoHa Tllepvog otnnate WHBECTUUMjE MPUKA3-
yje jegHOCTaBHM nepwog oTnfate M3BefeH Ha OCHO-
By CMatbeHe noTpebe 3a eHeprnjom No NpUMeHu npes-
NOXEHVX Mepa OAHOCHO MakeTa mepa yHanpeheha.
3a enemeHTe KOju Ce MOpajy caHupaty 6e3 ob3vpa Ha
npouec yHanpehetrba eHepreTcke eprkacHOCTV Neprof
otnnate 61 61O rOTOBO TPEeHyTaH YKONMKO 6u1 ce jean-
HMYHa LeHa 1UCKasana Kao pasfuvka 1n3mehy nponmcaHmnx
(y npouecy 0OHOBE) 1 NPEANOKEHNX TEPMUYKIX Kapak-
TePUCTVIKa aHaIM3MpaHe nosuumje.

— Tabena MpouerbeHa MHBECTULM)a

- Osa Tabena npenctaB/ba OCHOBHE MofdaTKe Yy B3N
Ca NpoLeHeHOM VHBECTULIMjOM HEOMXOAHOM 3a nprme-
Hy CBMX Mepa 0OHOBe MpuKazaHux y Tabenu lperneq
OCHOBHVIX Mepa eHepreTcke eprKacHOCTL.

— [padumkoH TonnoTHW rybuum enemeHata TePMUYKOR
omoTava

- OBaj rpadvKoH NprKasyje roamitse rybutke y ogHo-
Cy Ha enemeHTe TEPMUYKOr OMOTaya MMajyhu y Buay
eHepreTcky caHauujy. BpegHocTn 3a moctojehe cTarbe
(MpojekToBaHO) Cy MpwKaszaHu LipBeHOM 00joM AOK Cy
npouerbeHe BPeAHOCTM, MO CNPOBELEeHOM MOCTYMKY
0OHOBe, NpKKa3aHe 3e1eHOM O0joM.

YBop Introduction

- The column Annual savings shows annual savings
(in Euros, for the whole building) deriving from reduced
energy demand after implementation of proposed
measure/package.

- Column Payback shows simple payback period
deriving from reduced energy demand after implemen-
tation of proposed measure/package. For elements that
already need renovation regardless of energy efficiency
improvements, the payback would be almost immediate
if unit price is calculated as difference between meeting
mandatory (as requested by regulations) and proposed
thermal characteristics for specific measure.

— Table Estimated Investment

- The table presents basic data regarding estimated
investment, for applying all measures shown in the table
Review of Main Energy Efficiency Measures.

— Chart Heat Losses Related to Thermal Envelope
Elements

- The chart presents annual heat losses (in MWh) relat-
ed to the thermal envelope elements taken into consid-
eration for energy upgrades. The values for existing (as
designed) condition are shown in red, while the estimat-
ed after-renovation values are shown in green.
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3rpaga 1 — Building 1

bpoj eTaxa [o+11P+2+T1K
[oAnHa n3rpaae 1939.
pejaHa NoBpLIMHA 575 m?

TVn y HaLWOHAaNHOj TMNONOrju B3

TABYIA Tvin 2_MF
Number of floors B+GF+2+Lo
Construction year 1939
Heated area 575 m?
National typology type B3

TABULA type 2_MF

b3

B3

ooo
ooo

<50%

Mpumepn Case Studies

Marba cnobogHocTojeha 3rpafla KOHUMMMPaHa Kao
jeqHOCTaBHa KybuuHa dopma ca cBefieHOM dacagHoOM
MNACTMKOM M KOCUM KPOBOM.

KOHCTPYKTVBHM CKIIOM Ce CaCTOjN Of MAaCMBHUX 3UAAHNUX
310Ba Of] oneke 1,XepbcT” TaBaHuLe.

HepnasHo, Tokom 2011. roa. 3rpafa je AeNMMUYHO PEKOH-
CTpyWCaHa 1 TOM NPWAVKOM je NOCTaB/beHa TePMOU30-
naupvja Ha ynuMuHoj 1 aenosrma 6ouHMX cTpaHa. Takohe
j& PeKOHCTPYMCaH KPOB, a MOTKPOBHW NPOCTOP je NpeT-
BOpeH y cTambeHw. [Tpo30pK HUCY MEHAHMW.

MpopauyHy noTpebHe eHepruje 3a rpejakbe cy paheHn
33 OPUMMHANHO CTakbe, MPe PEKOHCTPYKLMjE.

Small free standing building conceived as a simple cubic
form with the basic facade decoration in mortar and
pitched roof.

The primary structural system is composed of masonry
load bearing walls with ,Herbst” slabs.

In 2011 it was partially refurbished and a layer of ther-
mal insulation was added on the front facade and on
some portions of the lateral facades. A part of the attic
was converted into the living space and the roof was
repaired. Windows have not been changed.

The calculations of energy needed for heating were
performed on original design conditions.
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Mpumepn Case Studies

CermeHT pacage 1 — O6HOB/bEHA 1 TEPMOM30I0BaHa ynyHa dacaza
Facade segment 1 — Refurbished and thermally insulated street facade

MpurKa3 cermeHTa ynnuHe acage HakHaaHO M30M10BaHe
cojem TepMon3sonaLmje, y npoLecy peHosMparba.
EnemeHT acafHe nnacTvke W KPOBHW BeHal, HUCY
13010BaHW, LWTO Ce jJaCHO BUAM Ha TepMOrpamMy Kao 30Ha
Ca V3pakeHWjUM TONNoTHUM rybuumma. GacagHa ctona-
puja je, yrnaBHOM, OpuUrnHaiHa 1 OANVKyje ce NOLWNM
TEPMUUKMM  NepdopMaHCaMa Ca M3MepeHUM Temne-
paTypHUM BpeaHocTuma v o 10,5°C Ha AoNpPO30pHM-
KKy. [pYMEeTHN TOMAOTHM ryouuM Ha Mo3MuUmMjM HOBOT
(3amerbeHor) NPo30pa, y NOTKPOBIbY, YKasyjy Ha HEOArO-
Bapajyhu nocTynak yrpagme.

The illustration of the refurbished segment of the street
facade with the added layer of thermal insulation.
Decorative elements were not insulated in the process,
rendering them as the zone with significant thermal
losses. Windows are, mainly, original and characterized
by poor thermal performance with measured tempera-
ture values as high as 10,5°C on the window frame. Nota-
ble heat losses at the position of new (replaced) attic
window are indicating poor craftsmanship in the install-
ment process.

CermeHT dacape 2 — OpurvHanHa HensonosaHa dacaga
Facade segment 2 - Original non-insulated facade

OpvrnHanHn neo dacage objekta 6e3 Tepmonzonauyije
Ca TemMnepaTypHVM o4mTaBakbMa y npoceky 3°C BuLMm
Hero Ha YIMYHOM, M30M0BaHOM, feny. JaCHO yourbuen
apMMPaHO BETOHCKM CepKnaxi 1 HaTNOP30pHe rpeae
(temMnepaTypHu ckok of 2°C) npeacTassbajy 30He M3pa-
3UTUX TONNOTHMX ryOmnTaKa. 3amerbeH Npo30p je neaaek-
BaTHO yrpaheH 1 KapakTepullie ce NPUMETHUM ryouumn-
Ma TonsoTe.

Original segment of the facade wall, without thermal
insulation layer, is characterized by, on average, 3°C
higher temperature readings, compared to the insulat-
ed street facade. Reinforced concrete ring beams and
window lintels are clearly rendered as the zones of high
thermal losses. (An increase of temperature readings by
2°C). The replacement window has not been properly
installed and it is characterized by notable heat losses.
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Mpernen ocHOBHYX Mepa yHanpeherba eHepreTcke eGprKacHOCTM

Review of main energy efficiency measures

Moc. HeonxogHa  Yuewhey MoBp- Mepe nobosbluarba Jen. ueHa YKymHO Qh,an EH. Ywrena [oanwma Mepnog
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare
Pos. nonpaska ryéuumma — edpurkacHoCcTn Unit price Total — — — —
— — Area — EPC Energy Annual Payback
Necessary Share Energy efficiency saving savings
repairs in heat improvement
and / or transm. measures
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/rog] [€/an] [rog] [years]
12cm
DacagHn Tepmousonaumja +
3100BU HoBa pacasa
— [ ] 62 410 — 32 13.106 99,44 D 39 2001 7
Facade 12cm of thermal
walls insulation + new
facade
[1BL| ctonapuja
Mpo3opun U=13
— [ J 12 29 — 160 4.587 151,36 F 7 342 13
Windows PVC windows
U=13
3uposn dem
fpema He- Tepmousonaumja +
rpejaHom
npocTopy o) 7 j0p ~ 3aBpuwHacbpana 14 1421 157,06 F 3 160 9
a)rridor 4cm EPS + new
paint
walls
TaBaHuLa
npema He- sem
;gg:;,OM Tepmou3onaumja
[ ] 8 103 — 9 930 156,28 F 4 185 5
. 5cm of thermal
Cieling to ; .
insulation
unheated
attic
YKynHo cBe mepe — Combined measures 20.045 77,91 D 52 2689 7
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MpouerweHa nHBecTuymja

Estimated investment

YKynHo 3a ueny Mo 1m? rpejaHe [lo craHy
3rpagy NoBpPLINHE —
— — Per flat
Total for the Per m2 of heated
building surface
€20,045 €54 €3341

TonnoTHu F)/6I/I LM KPO3 enemeHTe TepMnUYKOor oMmotada

Heat losses related to thermal envelope elements

Mpvivepn Case Studies

. MNoctojehe — Existing

CaHunpaHo — Refurbished

0 10 20 30 40  MWh/an

®acagHu 3mgosn — Facade walls

Mpo3opu — Windows

3nposv Npema HerpejaHom npoctopy — Corridor walls

TaBaHuUa npema HerpejaHom TaBaHy — Cieling to unheated attic

[T Voo

! HANOMEHA 1: ! ! HANOMEHA 2:

! M3onosarbe dacage ca camo 8cm kameHe ByHe je JOBO/bHO 3a ! ! V3onosarbem ¢acage ca 14cm Tepmowvsonaumje v eHepretckum

| noctmsarbe D eHepreTckor paspeda (ucnog 105kWh/m?) w y | | yHanpebervMa enemeHata TePMMUKOr OMOTaua A0 WCMyHeHa

| MOTNYHOCTY je y cknady ca sxehum nponucmmva (U=0332Wm#/K). | | Baxehux nponuca moxe ce noctnhu C eHepreTcky paspes (Mcnog

(- V1 70kWh/m?).

i NOTE 1: o —

i Insulating facade walls with only 8cm of rock wool is sufficient for i i NOTE 2:

1 achieving D energy grade (under 105kWh/m?) and is compliant with 1 i Insulating facade walls with 14cm of thermal insulation and energy

! current regulations (U=0,332 Wm?/K). ! ! upgrading other elements of thermal envelope to the minimal

e * 1 regulation compliance is sufficient for achieving C energy grade
! (under 70kWh/m?).
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EHepreTckm paspep

EPS rating

A+

30

Qe [%] Q. [(kWh/(m?a)]

231.54 162.08

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175
> 250 > 175

Qg e [%] Q. [(kWh/(m?a)]

111.30 77.91

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105 ' D
<200 <140

<250 <175

> 250 > 175
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Mpvivepn Case Studies

[eTar dacape

Facade detailing

OACALHN 310 U=1274 W/m*K — UeMeHTHU mantep
2cm - nyHa oneka 38cm - NPOAYKHW KPeUHM ManTep 2cm
EXTERNAL WALL U=1.274 W/m’K — cement plaster 2cm
- brick wall 38cm - lime-cement plaster 2cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.242 W/m’K

MPO30OPV — npepnoxerHo yHanpeherbe - proposed
refurbishment U=1.3 W/m’K

MEBYCMPATHA KOHCTPYKLIMJA — napkeT 2.2cm, gacke
cnenu nog 2.5cm, netse (6op, cMpeka) + necak, WbyHak
5cm - ab cuTHopebpacTa TagaHWUa 30cm - neTse (XpacT)
3Cm - r’MNCaHn ManTep Ha Tpcum 3cm

FLOOR CONSTRUCTION — parquet 2.2cm - wooden
subfloor planks 2.5cm - battens (pine, spruce) + sand,
gravel 5cm - ribbed concrete slab 30cm - battens (oak)
3cm - straw-gypsum plaster ceiling 3cm

MEBYCMPATHA KOHCTPYKUMIA MCMOL HETPEJAHOT
MPOCTOPA (TABAH) U=0.795 W/m?K — 3emsba 6cm -
nnoye o cname 1cm - gpBeHe gacke 2.5Cm - OpBeHe
TaBatbaye 12/24cm - netee (60p, cMpeka) 3cm - runcaHm
ManTep Ha Tpcum 3cm

FLOOR CONSTRUCTION UNDER UNHEATED AREA (ATTIC)
U=0.795 W/m’K — rammed earth 6cm - straw Tcm -
wooden planks 2.5cm - timber beams 12/24cm - battens
(pine, spruce) 3cm - straw-gypsum plaster ceiling 3cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.364 W/m’K

noa HA TNY U=1.667 W/m’K — [IpBEHE NOoAHe facke
2.5cm - netse (60p, CMpeKa) + CNoj Necka 5cm - necak
cyBM 3cm - xugpomsonaumja Tcm - ab nnoua 10cm -
necak, WwoyHak 10cm

GROUND FLOOR U=1.667 W/m’K — wooden floor planks
2.5cm - battens (pine, spruce) + sand 5cm - dry sand 3cm
- hydroinsulating layer 1cm - reinfroced concrete slab
10cm - sand, gravel 10cm

KOC KPOB — »bebmeHn Upen - netse 4.8/24cm -
por 12/16

PITCHED ROOF — clay roof tiles - battens 4.8/2.4cm -
rafter 12/16




Cauysaj eHeprujy Conserve Energy

3rpapa 2 — Building 2

bpoj eTaxa [o+l1P+5
[oAnHa n3rpaae 1953.
BpyTo noBpLuMHa 4180 m?
pejaHa noBpLIMHA 2182 m?
TVn y HaLWOHAaNHOj TMNONOrju C4
TABYJTA Tvn 3_AB
Number of floors B+GF+5
Construction year 1953
Gross area 4180 m?
Heated area 2182 m?
National typology type C4
TABULA type 3_AB

C4
L4

ooo
ooo

Mpumepn Case Studies

TunruaH objekaT 3a nocnepatHW nepuog obHose
rpana. Objekat je KybuuHe dopme, KOMMNAKTHE OCHOBE U
jenHocTaBHe reomeTpuije, 6e3 feKopaTBHNX enemeHaTa
HamerbeH ManvmM CTaHOBMMa pagHuyuke knace. OBe 3rpa-
Je cy rpaheHe y KnacruyHOM, MaCBHOM, KOHCTPYKTUBHOM
cncTeMy ca Hocehum 31aoBMMa of oneke, 06oCTpaHo
ManTepucaHnumMm 1, Xepbct” mehycnpaTHUM KOHCTPYK-
Uvjama, 6e3 ynoTpebe Tepmomsonauuje. Kpososn cy
Kocu, bnaror Harvba, ca TaBaHCKMM MPOCTOPOM Koju ce
He KOpWUCTW 3a bopaBak.

This is a typical building from the immediate post-war
period. Basic, cubic form and simple geometry with no
decorative elements, compact in layout accommodating
small working-class flats. These buildings were construct-
ed using traditional building techniques with massive
load-bearing brick walls covered in mortar and "Herbst”
slabs, with no thermal insulation. Roof constructions are
low, pitched structures with non-habitable attic.



Cauysaj eHeprujy Conserve Energy

Mpumepn Case Studies

CermeHT pacape 1 — [lenmmuHo 0OHOB/bEH 1 TEPMIUUKIM M30M10BaH CermeHT Gacaje
Facade segment 1 — Partially refurbished and thermally isnsulated facade segment

MHavBnayanHa MHWUWATMBA, Ca LUWbeM MoOOsblIaHa
nepdopmaHcM omoTada MapumjanHum MNocTaB/barbem
n3osLavje 1 3ameHoM Npo3sopa.

[pvmeTHe TemnepaTypHe pa3fnvke of rotoso 7°C:
1N30/10BaHV-HEN30/I0BaHN Ae0, YKasyjy Ha OonpaBhaHOCT
nocTynka. /icToBpemeHo, HeaflekBaTaH obyxsaT v3ona-
Lnje Koj MOKpKMBa Camo BMUCKHY MPO30pa W TaBaHuue
je ounrnepaH. ApmupaHo 6eTOHCKM aenoBw dacagHor
31ha Ce jaB/bajy Kao 30He Haju3pasuUTUjux  TOMNOTHUX
ryoutaka.

This is an individual initiative, trying to improve the
performance of the envelope by partial addition of ther-
mal insulation and window replacement.

Significant temperature reading difference of almost 7°C
betweeninsulated and non-insulated parts demonstrates
the validity of the procedure. At the same time, Improp-
er sizing of the insulated segment that covers only the
height of the window and slab is obvious. Reinforced
concrete sections of the wall structure are rendered as
the zones of the highest thermal losses.

CermeHT dacagie 2 — CermeHT OpuUrvHanHe TepMUYKK HensonoeaHe Gacase
Facade segment 2 - Original segment of thermally non- insulated facade

KapakTepucTuyHM cerMeHT dacafe 3uaaHmx objekaTta
6e3 Tepmovzonaumje.

TepmMorpam 1nycTpyje nspasmute rybutke y 3oHama xopu-
30HTaNTHUX APMMPAHO-OETOHCKMX CepKaxa W HaTnpo-
30PHWX rpefa ca TeMnepaTypHoM pasnukom of 3°C y
nopehersy ca 31gaHM AeNOM.

Ha Tepmorpamy ce Moxe youunTu aa objekaT Hema BepTu-
KasiHe apM1paHO-OETOHCKe enemeHTe.

This is a typical segment of masonry facade wall
constructed without thermal insulation.

Reinforced concrete ring beams and window lintels are
zones of the wall that are characterized by highest ther-
mal losses, on thermogram, with temperature difference
of almost 3°C compared to masonry infill.

The thermogram also illustrates that the building has
been constructed without vertical reinforcements.
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Mpernen ocHOBHUX Mepa yHanpehera eHepreTcke eprkacHOCTU MpouereHa nHBectTulmja
Review of main energy efficiency measures Estimated investment
Moc. HeonxogHa  Yuewhey MoBp-  Mepe nobosbluarsa Jen. ueHa YKymHO Qh,an En. Ywrena fopnwrba Mepvioa YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare 3rpagy NoBpLUMHE —
Pos. nornpasKa ryéuuvva = edpurkacHoCcTn Unit price Total = = = = = — Per flat
— — Area — EPC Energy Annual Payback Total for the Per m2 of heated
Necessary Share Energy efficiency saving savings building surface
repairs in heat improvement
and/ or transm. measures €64,733 €53 €2697
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/rop] [€/an] [roal] [years]
8cm TonnotHn Fy6I/ILlVI KpO3 enemMmeHTe TepMNUYKOrr OMOTa4ya
DacagHn Tepmousonaumja + _
31A0BK HoBa dacana
- 0o 54 955 dacan 77 5785 145.70 F 13 2313 . Heat losses related to thermal envelope elements
Facade 8cm of thermal
walls insulation + new . o
facade 1 . MNoctojehe — Existing
[BL| ctonapwja CaHunpaHo — Refurbished
Mpo3sopun U=13 2
— [ ] 26 192 — 160 30,720 129.11 F 23 4054 8
Windows PVC windows
U=13 3
3uposn dem
npema He- ) 4
; Tepmousonaumja +
rpejarom 3aBpUWHa obpaaa
npocTopy @] 9 412 7 14 5,768 161.58 F 4 647 9 0 23 45 68 90 MWh/an
Corridor 4cm EPS + new
walls paint 1 QacagHv 3mposw — Facade walls
2 [lpo3oput — Windows
;as:;::: 3 3uposm npema HerpejaHom npoctopy — Corridor walls
rgejaHOM 8cm 4 TaaHwvUa npema HerpejaHom TaBaHy — Cieling to unheated attic
B Tepmou3onaumja
e o 7 205 — 12 2460 161.38 F 4 668 4
o 8cm of thermal
Cle“ng © insulation p T T T T H
unheated ! HANOMEHA: !
attic ! 3a noctusarbe 6OsbUX eHepreTckix nepdpopmarcu Tpebano !
1 OV pasmMoTpWTV Apyre BMOOBE WHTEPBEHUMjE, Kao Ha npumep
yKyI1H0 cBe mepe — Combined measures 64,733 69.62 C 58 7683 8 : d)ole/\paHDe CTak/IeHWKa ca jy»KHe cTpaHe. :
1 1
| 1
i NOTE: i
1 1
1 For better energy performance remodelling should be considered '
! preferably with sunspace on South facades. !
I I
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EHepreTckm paspep

EPS rating

A+

38

Qe [%] Q. [(kWh/(m?a)]

239.64 167.75

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175
> 250 > 175

Qg e [%] Q. [(kWh/(m?a)]

99.46 69.62

<15 <10

<25 <18

<50 <35

<100 <70
<150 <105

<200 <140

<250 <175

> 250 > 175
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Mpvivepn Case Studies

[eTar dacape

Facade detailing

OACALHN 31 U=1.274 W/m*K - LiemeHTH ManTep 2cm
- MyHa oneka 38Cm - NPOLYXKHW KDEYHM ManTep 2cm
EXTERNAL WALL U=1.274 W/m’K - cement plaster 2cm -
brick wall 38cm - lime-cement plaster 2cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.332 W/m’K

MPO30OPV — npepnoxerHo yHanpeherbe - proposed
refurbishment U=13W/m’K/

MEBYCIPATHA  KOHCTPYUKWMJA 3HAL HETPEJAHOT
MPOCTOPA (MOAPYM) U=0.768 W/m?K - napkeT 2.2cm -
nacke (bop, cMpeka) 2cm - netse (60p, CMpekKa) + necak
CyBM 5CM - necak CyBu 3cm - Xep6cT TaBaHuMua 30cm -
nleTBe 5CM - rYncaHn ManTep Ha TpCum 3cm

FLOOR CONSTRUCTION ABOVE UNHEATED AREA
(BASEMENT) U=0.768 W/m’K - parquet 2.2cm - planks
(pine, spruce) 2cm - battens (pine, spruce) + dry sand
5cm - dry sand 3cm - Herbst ribbed concrete slab 30cm -
battens 5cm - straw - gypsum plaster ceiling 3cm

MEBYCMPATHA KOHCTPYKLWMIA U=0.6 W/mK - napket
2.2cm - packe (6op, cMpeka) 2cm - netse (60p, CMpeKa)
+ necak CyBu 5cm - necak cyBu 3cm - Xep6CT TaBaHuLa
30cm - netBe 5cm - rMncaHy ManTep Ha Tpcum 3cm
FLOOR CONSTRUCTION U=0.6 W/m’K - parquet 2.2cm -
wooden planks (pine, spruce) 2cm - battens (pine, spruce) +
dry sand 5¢cm - dry sand 3cm - Herbst ribbed concrete slab
30cm - battens 5cm - straw - gypsum plaster ceiling 3cm

MEBYCIPTATHA KOHCTPYKUMIA VICNOL HETPEJAHOT
MPOCTOPA (TABAH) U=1.116 W/m*K - 3emma 5cm -
nnove of cname 1cm - Xep6bcT TaBaHmua 30cm - netee
(6op, cMpeka) 5/3cm - rcnaHn ManTep Ha TpCUM 3cm
FLOOR CONSTRUCTION UNDER UNHEATED AREA (ATTIC)
U=1.116 W/m’K - rammed earth 5cm - straw 1cm - Herbst
ribbed concrete slab 30cm - battens (pine, spruce) 5/3cm
- straw - gypsum plaster ceiling 3cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0333 W/m’K/

KOC KPOB - »bebsbeHn Lpen 2.8cm - netee 5/3cm -
por 10/12

PITCHED ROOF - clay roof tiles 2.8cm - battens 5/3cm -
rafter 10/12
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3rpapa 3 — Building 3

bpoj eTaxa [o+l1P+5
[oAnHa n3rpaae 1958.
BpyTo noBpLuMHa 1518 m?
lpejaHa NoBpLWMHA 900 m?
TVn y HaLWOHAaNHOj TMNONOrju C3
TABYIIA Tvin 3_MF
Number of floors B+GF+5
Construction year 1958
Gross area 1518 m?
Heated area 900 m?
National typology type a3
TABULA type 3_MF

L3
c3

ooo
ooo

Mpumepn Case Studies

TrunryHe nocnepatHe cnobofHo cTojehe 3rpaae jeaHoc-
TaBHe KybuuHe dopme. OBaj TMM 3rpafa je KOHCTPYMC-
aH Y KNaCMYHOM MAcMBHOM CUCTEMY Ofl, HOBOPa3Buje-
HUX ,Jdypurcon” 6nokoBa, 060CTPaHO ManTepucaHmx, 6e3
ynoTpebe TepMou3onaumje, LWTO 3a pe3ynTaT nma olle
eHepreTcke nepdopmaHce. 3rpafa He noceyje LeHTpa-
JIN30BaHN CUCTEM rpejarba WTO Ce jaCHO WUNYCTpyje Ha
TepMOrpamy rae ce youyasajy MpUMeTHE Pasnke y Temne-
PaTypPHUM OunTaBakMMa 13Mehy rpejaHnx n HerpejaHmx
fenosa.

This is a typical cubic free standing building from the
post-war period. These buildings were constructed using
newly developed “durisol” blocks for massive load-bear-
ing walls with no additional thermal insulation, which as
a result has a poor energy performance. Roof construc-
tions are low, pitched structures with non-habitable attic.
The building does not have central heating system which
can be easily recognized in the thermogram showing a
notable difference in temperature readings between
heated and unheated parts.
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Mpumepn Case Studies

CermeHT dacapge 1 — CermeHT TepMUUKI HeM30M0OBaHe dacane
Facade segment 1 — Segment of thermally non-insulated fagade

TunnyaH cerMeHT MacvBHO 3upaHe 3rpage o “[ypw-
con” 6nokoBa MCnyreHux HeToHoMm 6e3 coja Tepmo-
n3onauuje. XOPU3OHTaNHM U BEPTUKANHL CepKNaxn
Kao ¥ HaTMpO30pHe rpefe Ce jaBbajy Kao 30He Ca Benu-
KM TOMNOTHUM ryouumMMa v TemnepTypHUM OunTa-
Batbma Behum 3a 3°C of 3ugaHux Aenosa. KoH30mHO
npenylTeHe nnoye GankoHa Ce KapakTepuly n3pasu-
TUM IMHWJCKAM TOMAOTHUM ryOMUMMa Ha MeCTy CMoja ca
dacagHVM nnaTHOM.

Typical segment of “Durisol” block facade wall structure
filled with concrete without thermal insulation layer.
Reinforced concrete ring beams, tie columns and window
lintels are zones of the wall that are characterized by
highest thermal losses with the temperature difference
of 3°C compared to masonry infill. Cantilevered balcony
slabs are rendered as zones of high linear thermal losses
at contact position of with facade walls.

CermeHT dacape 2 — CermeHT TEPMUYKI HEW30OBaHe dacaae

Facade segment 2 — Segment of thermally non- insulated facade

CermeHT dacafie ca M3pasnUTUM TOMAOTHUM ryoulmMmMa
Kao nocneamua BuLe yHyTpalWHe TeMnepaTtype.
Paznnka y TepM1uKmM nepdopmaHcama nmehy aorer u
roprber XOPW3OHTaNHON CepKaxa Ce jaBfba Kao nocse-
AMLA FMIXOBE CTPYKTYPE: 10k M je apMUpaHo BETOHCKH, a
roprbr je apmrpaHo HeTOHCKa UcnyHa “aypurcon” 6noko-
Ba LUTO Ce jaCHO MOXe YOUUTN Ha TepMOrpamy. 3amerbeHn
npo3op (y cpeanHi) Huje afeksaTHoO yrpaheH 1 KapakTe-
puile ce NPUMETHUM TOMAOTHUM ryOULMMa HAPOUMTO Y
30HU KyTUje poneTHe.

Facade segment with notable heat losses as a conse-
quence of higher internal temperature. The difference
in thermal performance between the lower and upper
ring beam appears as a result of their structure: the lower
is composed of reinforced concrete while the upper is
formed as reinforced infill of “durisol” blocks, as can be
easily distinguished on the thermogram. The replaced
window (in the middle) has not been properly installed
and it is characterized by significant thermal losses in the
zone of the roller shutter box.
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Mpernen ocHOBHYX Mepa yHanpehera eHepreTcke eprKacHOCTM

Review of main energy efficiency measures

Moc. HeonxogHa  Yuewhey Mosp- Mepe nobosbluarba Jen. ueHa YKynHo Qh,an EH. YwTrepa foautba Mepuog
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare
Pos. nonpaska ryéuuvva — edpurkacHoCcTn Unit price Total — — — —
— — Area — EPC Energy Annual Payback
Necessary Share Energy efficiency saving savings
repairs in heat improvement
and / or transm. measures
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/rop] [€/an] [roal] [years]
10cm
DacagHn Tepmousonaumja +
3100BU HoBa pacasa
— [ ] 53 950 — 30 28,500 105.78 F 38 6472 4
Facade 10cm of thermal
walls insulation + new
facade
[1BL| ctonapuja
Mpo3sopun U=13
— [ J 25 213 — 160 34,080 136.69 F 20 3425 10
Windows PVC windows
U=13
3vposn 2/6cm
:Ip:':s(;j_ Tepmousonaumja +
Pe) 3aBpUWHa obpaaa
npocTopy @] 7 292 7 14 4,088 164.09 F 4 724 6
Corridor 2/§cm EPS + new
paint
walls
TaBaHuUa
npema He- 8am
;ap:iiHOM Tepmou3onaumja
e o 8 237 — 12 2,844 16227 F 5 903 3
o 8cm of thermal
Celhing e insulation
unheated
attic
YKynHo cBe mepe — Combined measures 69,512 53.44 C 69 11524 6
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MpouerweHa nHBecTuymja

Estimated investment

YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
3rpagy NoBpLUMHE —
— — Per flat
Total for the Per m2 of heated
building surface
€69,512 €61 € 3476

TonnoTtHn FY6VILWI KpO3 enemMmeHTe TepMNUYKOrr OMOTa4ya

Heat losses related to thermal envelope elements

. MNoctojehe — Existing

CaHunpaHo — Refurbished

0 25 50 75 100 MWh/an

MacagHu 3nposv — Facade walls

Mpo3opu — Windows

3nposv Npema HerpejaHom npoctopy — Corridor walls
TaBaHuWUa npema HerpejaHom TasaHy — Cieling to unheated attic

! HAMOMEHA:

! BnacHuuw ctaHoBa Ha 4. cnpaty 61 Tpebano Aa pasmoTpe ynararbe
|y bosby Tepmou3onaLmjy KOHCTPYyKLMje Npema HerpejaHom TaBaHy
1 6yoyhw fna osa nosvumja Mma 3HauajHo yuewhe y TOMNOTHWM
1 rybrLMMma OBYIX CTaHOBA.
i

1

1

1

1

1

1

1

1

NOTE:

Owners of the 4th floor apartments might consider investing in
better thermal insulation towards the attic since it has a considerable
share in their thermal losses.

Mpvivepn Case Studies
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EHepreTckm paspep

EPS rating

A+

46

Qe [%] Q. [(kWh/(m?a)]

24491 171.43

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175
> 250 > 175

Qg e [%] Q. [(kWh/(m?a)]

76.34 53.44

<15 <10

<25 <18

<50 <35

<100 <70
<150 <105

<200 <140

<250 <175

> 250 > 175
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Mpvivepn Case Studies

[eTar dacape

Facade detailing

OACAIHN 33U U=0.759 W/m’K - npoayHu KpeuHy
mantep 2cm - [lypucon 610k ca McCnyHom of OeToHa
25Cm - NPOAYKHN KPEYHM ManTep 2cm

EXTERNAL WALL U=0.759 W/m’K - lime-cement plaster
2cm - light weight concrete Durisol block filled with
concrete 25cm - lime-cement plaster 2cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.228 W/m’K

MPO30OPV — npeanoxerHo yHanpeherbe - proposed
refurbishment U=13W/m’K/

MEBYCMPATHA KOHCTPYKLUWVIA W3HAL HETPEJAHOT
MPOCTOPA (NMOAPYM) U=0.826 W/m’K - napkeT 2cm -
Lypwcon nnoyve 3cm - ab cutHopebpacTa TaBaHMLa 28cm
- nnoYye off TpCke 1CmM - NPOAYXHU KpeyHn Mantep 2cm
FLOOR CONSTRUCTION  ABOVE UNHEATED AREA
(BASEMENT) U=0.826 W/m’K - parquet 2cm - light weight
concrete Durisol boards 3cm - ribbed concrete slab 28cm
- straw 1cm - lime-cement plaster 2cm

MEBYCMPATHA KOHCTPYKLWMJA - napkeT 2cm - [lypucon
nnove 3cm - ab cMTHopebpacTa TaBaHwWLa 28cm - nnoye
ofy TPCKe 1Cm - NPOAYKHW KpeyuHu Mantep 2cm

FLOOR CONSTRUCTION - parquet 2cm - light weight
concrete Durisol boards 3cm - ribbed concrete slab 28cm
- straw 1cm - lime-cement plaster 2cm

MEBYCMPATHA KOHCTPYKUMIA MNCMOA HEFPEJAHOT
MPOCTOPA (TABAH) U=1.274 W/m*K - 3emma 5cm - ab
CUTHOpebpacTa TaBaHWUa 28cm - njode of Tpcke 1cm -
MPOAYKHM KPEYHM ManTep 2cm

FLOOR CONSTRUCTION UNDER UNHEATED AREA (ATTIC)
U=1.274 W/m’K - rammed earth 5cm - ribbed concrete
slab 28cm - straw 1cm - lime-cement plaster 2cm

/ NpeanoxeHo yHanpeherbe - proposed refurbishment
U=0318 W/m’K/

KOC KPOB - CanoHut Banoswte nnovye lcm - wradne
5/8cm - por 12/16

PITCHED ROOF - Salonit corrugated fibre cement sheating
Tcm - battens 5/8cm - rafter 12/16
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3rpapa 4 — Building 4

Bpoj eTaxa Mo+MP+8 Number of floors B+GF+8
[oAnHa n3rpaae 1963. Construction year 1963
BpyTo noBplMHa 7834 m? Gross area 7834 m?
lpejaHa NoBpLWMHA 5339 m? Heated area 5339 m?
TNy HauMOHaNHOj TMMOOr iU D4 National typology type D4
TABYJIA Tvn 4_MF TABULA type 4_MF

A5
D5

oooo
oooo
oooo

>50%

3rpaga v3rpaheHa y OKBMpY 3aTBOpPEHOT ypbaHor 6110Ka
KNaCMYHOM TEXHKOM TpafHe Ca MaCMBHUM KOHCTPYK-
TUBHUM CKIIOMOM ¥ CUTHOpebpacTom MehycnpaTHoMm
TaBaHMLOM. 3MA0BM Cy OOOCTPaHO ManTepucaHy 1
cnosba prHanHo obpaheHn y BelTaykom KameHy. [po3o-
pv Cy OpBeHW, Ca Pa3nBOjeHUM KPUIKMMa 3acTakibeHu
jeAHOCTPYKMM CTaKNOM. KankaHCKM 31aoBw Cy Of apMu-
paHor 6eToHa, a octanu dacajiHV 31AOBM Cy Ca 3upa-
HUM VCMyHamMa off Wyrsblx 6r10KoBa. Ha Tepmorpamy ce
youaBajy 13pasuTy ryounLm Ha MeCcTMa XOPU3OHTaHIIX
CepKnaka, HaTMPO30PHYIX rpefa U Ha CriojeB1mMa eneme-
HaTa dopme Kao nocneanua NpomMeHe reomeTpuije.

Mpumepn Case Studies

Thisis a building constructed in the closed urban block in
the traditional structural system with massive load bear-
ing walls and ribbed slabs. The walls are plastered with a
facade made from decorative plaster. The windows are
wooden with a double frame, double sash and single
glazing. The side walls are constructed from reinforced
concrete while the main facade walls are with mason-
ry infill made from hollow clay blocks. The thermogram
illustrates notable heat losses at the ring beams, the
window lintels and other joints of the building form.
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Mpumepn Case Studies

CermeHT dacage 1 — CermeHT TepMUUKHM Her3onosaHe dacaze
Facade segment 1 — Segment of thermally non- insulated facade

CerMeHT ynuuHe dacape MaTepujan13oBaHe y BeliTau-
KOM KaMeHy. 3uaaHa ucnyHa dacagHor nnatHa uspahe-
Ha O ONeKapCKMX B1I0KOBa 6e3 BePTMKANHUX CepKaxa
Ce jacHO youaBa Ha Tepmorpamy. CermeHT ce KapakTe-
pvile 3HaYyajHUM TEPMUYKMM rybuUMMa Ha Mo3uLvja-
Ma HaTNPO30PHKIX rpeda 1 cnojeBa v3mehy 6ankoHCKMX
nnova 1 GpacagHvx 31Maosa.

MpocTopn noha ce KapakTepwily BULIKM OYMTaBarbW-
Ma TemnepaTypHVX BPeAHOCTM 31MA0Ba Kao Mocneamua
FbVIXOBE Matbe AebbMHE, anu U reOMeTPUJCKIX OfINKa
npocTopa.

This is a segment of the street facade finalized in decora-
tive plaster. The masonry structure of the wall made from
clay blocks without tie columns is easily distinguishable
on the thermogram. This segment is characterized by
notable thermal losses at the position of window lintels
and joints between balcony slabs and facade walls.
Loggias are appearing as the zones of the higher temper-
ature readings due to the geometrical nature of the
space and thinner facade walls.

CermeHT dacape 2 — CermeHT TEPMUYKI HEW30OBaHe dacaae

Facade segment 2 — Segment of thermally non- insulated facade

LipHa 6paBapuja 1 jeAHOCTPYKO CTaKAO Ha CTemeHML-
HOM MPOCTOPY O4YMTaBajy ce Kao Aenosu ca noseha-
HVM TOMAOTHMM rybuumma. Ha 60ouHuUM 31a0BKMa Tepa-
Ca Takobe ce MOry youuTu MOsoXKaju XOPU3OHTANHUX
Cepknaxa WTo, C 0631poMm f1a je ca obe CTpHe HerpejaHu
NpOCTOP, yKa3yje Ha MHTe3WTeT rybuTaka Kpo3 beToHCKe
enemeHTe CTPYKType.

CrakneHe noBpWMHE Orpafla W 3acTak/berba Tepace
KapaTtepully ce BeNMKUM CTeneHOM pedrekcuje, Tako
[la BEOMA HMCKa TemnepaTtypHa OunTaBarba NpeacTas/ba
0COBUHY 31MCcKOr HONHOT Heba, a He camor maTepwujana.

The steel window frames with single glazing at the stair-
case areas are rendered as segments charactarized with
higher thermal losses. Distinguishable horizontal ring
beams with high temperature readings are stressing the
intensity of thermal losses through reinforced elements
since they are located between non-heated spaces.

The glass loggia fences and partial glazed closure are
surfaces characterized with high level of reflectivity,
therefore very low temperature readings are actually
characteristics of the winter night sky and not material
itself.
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Mpernen ocHOBHUX Mepa yHanpehera eHepreTcke eprkacHOCTU MpouereHa nHBectTulmja
Review of main energy efficiency measures Estimated investment
Moc. HeonxogHa  Yuewhey MoBp-  Mepe nobosbluarsa Jen. ueHa YKymHO Qh,an En. Ywrena fopnwrba Mepvioa YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare 3rpagy NoBpLUMHE —
Pos. rnornpasKa ryéuuvva = edpurkacHoCcTn Unit price Total = = = = = — Per flat
— — Area — EPC Energy Annual Payback Total for the Per m2 of heated
Necessary Share Energy efficiency saving savings building surface
repairs in heat improvement
and/ or transm. measures €279,877 €64 €3455
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/rop] [€/an] [roal] [years]
8cm TonnotHn Fy6I/ILlVI KpO3 enemMmeHTe TepMNUYKOrr OMOTa4ya
DacagHn Tepmousonaumja + _
31A0BK HoBa dacana
- 0o 37 2060 — dacan 77 55863 10893 E 3 17871 3 Heat losses related to thermal envelope elements
Facade 8cm of thermal
walls insulation + new . o
facade 1 . MNoctojehe — Existing
[BL| ctonapwja CaHunpaHo — Refurbished
Mpo3sopun U=13 2
— [ ] 31 987 — 160 157,920 13535 E 14 8,004 20
Windows PVC windows
U=13 3
3uposn 6em
npema He- ) 4
; Tepmousonaumja +
TPE€jaHOM 3aBpLHa obpaaa
npocTopy @] M 1391 7 14 19474 140.12 F Ial 6,224 3 0 25 50 75 100 MWh/an
Corridor 6“.“ e
walls paint 1 QacagHv 3mposw — Facade walls
2 [po3opv — Windows
;aB:’:::: 3 3uposm npema HerpejaHom npoctopy — Corridor walls
rgejaHOM 16cm 4 TaaHwvUa npema HerpejaHom TaBaHy — Cieling to unheated attic
B Tepmou3onaumja
- y [ J 6 666 — 70 46,620 146.80 F 6 3,727 13
o 16cm of thermal
Cle“ng © insulation p T T T T H
unheated ! HANOMEHA: !
attic ! TonnoTHw rybuum oBe 3rpade padyHaTu Cy camo 3a CTambeHe eTaxe; |
1 MOCOBHYM NPOCTOP HYje 610 YKIbyueH y Kankynauuje. H
YkynHo cse mepe — Combined measures 279,877 69.62 C 58 7683 8 e H
i NOTE: i
i Heating losses for this building are calculated for the residential i
' floors and office space on the ground floor was excluded from the '
! calculation. !
I I
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EHepreTckm paspep

EPS rating

Cauysaj eHeprujy Conserve Energy

Qe [%] Q. [(kWh/(m?a)]

223.97 156.78

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175
> 250 > 175

Qg e [%] Q. [(kWh/(m?a)]

96.93 67.85

<15 <10

<25 <18

<50 <35

<100 <70
<150 <105

<200 <140

<250 <175

> 250 > 175

proposed refurbishment
—— ]

- - <]
i U

U=0.199 Wik

MPARNCORHD yHarDahens

U=13 Wim'

Mpvivepn Case Studies

[eTar dacape

Facade detailing

OACAIHN 3U[1 U=1.848 W/m?K - npoayHu KpeuHy
Mantep 2cm - rutep 6noK 19cm - NpPOmyKHW KpeuHu
ManTep 2cm

EXTERNAL WALL U=1.848 W/m’K - lime-cement plaster
2cm - clay block 19¢m - lime-cement plaster 2cm

— npeanoxero yHanpebherse - proposed refurbishment
U=0.359 W/m’K — MPO30PV, npeanoxeHo yHanpeherbe
- proposed refurbishment U=1.3 W/m?K/

MEBYCIPATHA  KOHCTPYKLUWJA WM3HAL HETPEJAHOT
MPOCTOPA U=0.967 W/m’K - napkeT 2.2cm - LieMeHTHM
ecTpux 3cm - pebpacTa ab TaBaHMua 25cm - netse (6op)
3cm - nioye oA Tpeke 1¢m - LeMeHTHU ManTep 2cm
FLOOR CONSTRUCTION ABOVE UNHEATED AREA U=0.967
W/mK - parquet 2.2cm - cement screed 3cm - ribbed
concrete slab 25cm - battens (pine) 3cm - straw Tcm -
cement plaster 2cm

MEBYCIPATHA  KOHCTPYKUWMIA M3MERY TPEJAHMX
MPOCTOPA U=1.403 W/m*K - NapKeT 2.2CM - UEMEHTHY
ecTpyx 3cm - pebpacTa ab TaBaHuua 25cm - netse (6op)
3Cm - T’MNCaHy ManTep Ha Tpcum 3cm

FLOOR CONSTRUCTION BETWEEN HEATED AREAS
U=1.403 W/m’K - parquet 2.2cm - cement screed 3cm -
ribbed concrete slab 25cm - battens (pine) 3cm - straw
gypsum plaster 3cm

MEBYCIPATHA  KOHCTPYKUWMIA M3MERY  TPEJAHMX
MPOCTOPA U=1.403 W/m’K - napkeT 2.2cm - LieMeHTHM
ecTpux 3cm - pebpacTa ab TaBaHMua 25cm - netse (6op)
3Cm - r’MNCaHn ManTep Ha Tpcum 3cm

FLOOR CONSTRUCTION BETWEEN HEATED AREAS
U=1.403 W/m’K - parquet 2.2cm - cement screed 3cm -
ribbed concrete slab 25cm - battens (pine) 3cm - straw
gypsum plaster 3cm

PABAH KPOB VI3HAL TPEJAHOT MPOCTPOA U=0.958 W/
m’K - naKi 6ETOHCKM enemeHT/ 4Cm - necak W LWbyHak
3cm - OuTymeHckn npemas 0.5cm - KpoBHa NeneHka
0.5cm - 6UTyMeHCKM npema3s 0.5cm - LEMEHTHM eCcTpux
2cm - 6eTOH of Wrbake 4cm - Wynsba oneka 12cm -
pebpacTa ab TaBaHwUa 25cm - netse (6op) 3¢m - rvncaHm
ManTep Ha Tpcum 3cm

FLAT ROOF ABOVE HEATED AREA U=0958 W/m* -
light weight concrete tiles 4cm - sand and gravel 3cm
- bituminised coating 0.5cm - roof cardboard 0.5cm -
bituminised coating 0.5cm - cement screed 2cm - breeze
concrete 4cm - hollow brick 12cm - ribbed concrete slab
25cm - battens (pine) 3cm - straw gypsum plaster 3cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.199 W/m’K /
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3rpapga 5 — Building 5

bpoj eTaxa MP+12
[oAnHa n3rpaae 1973.
BpyTo noBplMHa 5763 m?
pejaHa NoBpLIMHA 4079 m?
TVN y HaLWMOHAaNHOj TMMONOrjn E6
TABYJIA Tvn 9
Number of floors GF+12
Construction year 1973
Gross area 5763 m?
Heated area 4079 m?
National typology type E6
TABULA type 9

E6

E6

ey <

~/

vy Com

Mpumepn Case Studies

ConuTepy Cy npefcTaB/bany Beoma MorynapaH Twn
cTambeHux objekata 1970TMx roavHa, npectasrbajyhn
crmbon HanpeTka omoryhasajyhi, nCToBpemeHo, Benu-
Ke ryCTVHe CTaHOBatha Yy HOBODOPMUPAHUM TPafCKMM
6nokoBKMMa. JeHOCTaBHa KybuuHa dopma je oboraheHa
HOBVIM BU3YEITHVM PEUHMKOM Y3 ynoTpeby PasHOBPCHMX
dacagHvx maTepujana 4yecTto Kopuctehy MOTUB XOpw-
30HTANHWX NMPO30PCKKX Tpaka. CTapocT 3rpafa, HauvH
pellaBarba apXMTEKTOHCKYIX AeTarba 1 BENVKL 6POj 130-
KeHUX CTPYKTYPHUX enemeHata 3a pe3ynTaT umMajy nolue
TepMmnyKe nepdomaHce Mako y OKBKPY oMoTaua nocTojm
130M1aLUMOHM CIO).

High-rise apartment buildings were very popular in the
1970's as the symbol of progress enabling, at the same
time, high densities in new suburban city blocks. Simple
cubic form has been enriched with new visual language
and diverse facade materials often characterized by hori-
zontal window ribbons. The age of the buildings, the
architectural detailing and the large number of exposed
structural elements are resulting in poor thermal perfor-
mance although there is an insulating layer in the enve-
lope composition.
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Mpumepn Case Studies

CermeHT pacape 1 — CermeHT BULLEC/IOjHE TEPMIYKM 130/10BaHe Gacaae
Facade segment 1 — A cegment of multilayered thermally insulated facade

BuliecnojHy dacagHu 3va ca NPUMETHUM TOMIOTHMM
ryonumMmMa y 30HM XOPU3OHTAMHKX cepknaxa. Pasnuuu-
TOCT TeMnepaTypHUX OumMTaBarba Ha Aeny obnore 3umaa
of rutep 6nokosa ynyhyje Ha noTeHUMjanHo Nponaaak-e
TEPMOM30MALMOHOT Coja Yy OKBUPY 31aa. [puMeTHM Cy
ryéuum TonaoTe Ha CnojeBrMa Npo3opa W HapounTo y
30HW KyTWje 3a PONeTHY.

The multilayered facade wall with notable heat losses at
the ring beam zones. The diversity of temperature read-
ings over the final layer of cladding composed of clay
block points towards the potential deterioration of inter-
nal insulating layer. Notable heat losses at window join-
ery, especially roller shutter box can also be observed.

CermeHT dacage 2 — CermeHT BULLEC/IOJHE TEPMUYKI M30/10BaHe Gacajae
Facade segment 2 — Segment of multilayered thermally insulated facade

(MacagHu cermeHT GOPMUPaH Off HAU3MEHUYHUX NPO30pP-
CKMX W MapaneTHUX Tpaka ca MPUMETHWM TOMIOTHMM
ryéuumnma Ha cnojesuma. CTpyKTypanHu cacTae napane-
Ta jaCHO Ce MOXe BMAeTM Ha TepMorpamy ykasyjyhu Ha
MHTE3MTET TOMOTHON TpaHcdepa. OpUrnHamHK Npo3o-
PV Cy YrNaBHOM Y JIOWEM CTaky W Cabux TEPMUYKMX
nepdopmaHcu.

A facade segment composed of horizontal window
ribbons and prefabricated parapets characterized by
significant heat losses at joinery. The structural compo-
sition of parapets can be clearly distinguished on ther-
mogram illustrating the intense of the heat transfer. The
original windows have deteriorated over time resulting
in poor thermal performance.
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Mpernen ocHOBHYX Mepa yHanpehera eHepreTcke eprKacHOCTM

Review of main energy efficiency measures

Moc. HeonxogHa  Yuewhey Mosp- Mepe nobosbluarba Jen. ueHa YKynHo Qh,an EH. YwTrepa foautba Mepuog
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare
Pos. nonpaska ryéuuvva — edpurkacHoCcTn Unit price Total — — — —
— — Area — EPC Energy Annual Payback
Necessary Share Energy efficiency saving savings
repairs in heat improvement
and / or transm. measures
renovation losses
[%] [m?] [€&/m?] [€] [kWh/m?an] % [€/rop] [€/an] [roal] [years]
8/10cm
DacagHn Tepmousonaumja +
3100BU HoBa pacasa
= @] 36 2547 — 32 81,504 106.31 E 23 16400 5
Facade 8/10cm of thermal
walls insulation + new
facade
[1BL| ctonapuja
Mpo3sopun U=13
— [ ] 43 1341 — 160 214,560 90.62 D 34 24626 9
Windows PVC windows
U=13
31pgosn 6em
npema He- )
; Tepmousonaumja +
rpejaHom 6pama
npocTopy o) 11 1340 ~ 3BPUHacOPaA 14 18,760 129.00 E 6 4504 4
a)rridor 6cm EPS + new
paint
walls
16cm
Tepmou3sonaumja
+ HOBM 3aBPLUHM
PaBaH kpoB ;
— ° 4 435 CTokeEn 70 29,750 13428 E 2 1735 17
peadeey 16cm of thermal
insulation + new
finishing
YKynHo cBe mepe — Combined measures 344,574 47.45 C 66 47264 7

A W N =

Mpvivepn Case Studies

MpouerweHa nHBecTuymja

Estimated investment

YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
3rpagy NoBpLUMHE —
— — Per flat
Total for the Per m2 of heated
building surface
€344,574 €57 €4102

TonnoTtHn FY6VILWI KpO3 enemMmeHTe TepMNUYKOrr OMOTa4ya

Heat losses related to thermal envelope elements

. MNoctojehe — Existing

CaHunpaHo — Refurbished

0 75 150 225 300 MWh/an

MacagHu 3nposv — Facade walls

Mpo3opu — Windows

3nposv Npema HerpejaHom npoctopy — Corridor walls
PaBaH kpos — Flat roof

[T Voo T
! HAMOMEHA 1: 1 HATOMEHA 2:

! Cnosbawrby 3u0BY Ca $acagHOM OMEKOM HWCY YKibydeHW y ! ! [13onoBarbe TaBaHWLE U3Ha/ HerpejaHiix AenoBa npusemsba MMano
| Kankynauwje.Y cnyJajy M30/10Batba Ca YHyTpalltbe CTpaHe, nocebHy | | Ou He3HaTHe edeKTe Ha CBEYKyMHM TePMUUKY OWnaHC 3rpade anv ov
| naxby 61 Tpebano obpatnTyi Ha napoandy3ujy N aPXMTEKTOHCKE | | 3HAYaJHO YTMLANO Ha TOMIOTHE ryOuTKe 1 KOMPOP Y CTaHOBKMA Ha
| ;etarve. |1 MpBOM crparty.

1 1 1

| 1 | B —

1 NOTE 1: 11 NOTE2:

' Facade walls with exposed brick were excluded from the calculation. P Insulating ceiling above the ground floor unheated spaces would
1 When insulated from the interior side, special attention should be '+ have minor effect on overall building performance but would
! made to moisture control and detailing. ! ! significantly improve thermal comfortin the first floor flats.
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EHepreTckm paspep

Mpvivepn Case Studies

[eTar dacape

EPS rating Facade detailing
MPOANCNI0 YHANpeN e
j proposed sefurbshment
QH . [9%] QH 5 [kWh/(m?a)] y " 1— OACAIHN 31[] U=1.916 W/m?K - Kepam3uT 6eTor 3cm -
nare " D MERLICHRHD Yeanpaties Py Ba3fyLUHW CN1oj 8cm - KepamsuT 6eToH 6¢cm
196.56 137.59 peoposed refurbeshment | T EXTERNAL WALL U=1916 W/m’K - Keramzit concrete
: ) l _]- 5 frmt—t—— 3cm - air gap 8cm - Keramzit concrete 6¢m
’ —
<15 <10 Us1 IWmK l 5 | 1— QACAIHM 311 U=1.894 W/m’K - kepamuuki MO3auK
o s 0.2cm - LemeHTHM natekc Mantep 0.3cm - KepamsunT 6eToH
_ <25 <18 U=0.180 Wik 3cm - BasgyLWwHy cnoj 8cm - Kepamsut 6eToH 6¢m
— = npeAnGRENO yrarpehens ) EXTERNAL WALL U=1.894 W/mK - ceramic mosaic tiles
_ <50 <35 proposed rlabshment (3)).2cm - cement lateks malﬁer 0.3cm - Keramzit concrete
 —— cm - air gap 8cm - Keramzit concrete 6cm
il N
<100 <70 U=0.288.0 245 WK " — npeanoxero yHanpebherse - proposed refurbishment
b U=0.288-0.345 W/m’K
<150 <105 ! MPO30PV — npepnoxeHo yHanpehere - proposed
u refurbishment U=1.3 W/mK/
2 — O[O HA TNY U=0.838 W/m’K - Jlamen napket 0.8cm -
_ <250 <175 LlemMeHTHM ecTpux 4cm - MBLL donuja - TepwvovsonaLmja-
4 TBPAE Noye 3cm - GUTYMeHCKa xuapomsonauwmja 0.2cm
J-_
- a6 nnoua 10cm - necak, WbyHak 10cm
> 250 > 175 - 2 — GROUND FLOOR U=0.838 W/mK - Lamel parquet 0.8cm
Vol - cement screed 4cm - PVC foil - thermal insulation-
n hardboards 3cm - bituminised hydroinsulating layer
u 0.2cm - reinforced concrete 10cm - sand, gravel 10cm
5 3 — MEBYCIPATHA KOHCTPYKUWIA - Nlamen napket 0.8cm -
QH’nd el [96] QH'nd [(kWh/(m?a)] LieMeHTHa Kolysbuua 3.2cm - nayTa 1cm - a6 nioya 14cm
3 — FLOOR CONSTRUCTION - Lamel parquet 0.8cm - cement
67.79 47.45 ‘ screed 3.2cm - cork Tem - reinforced concrete slab 14cm
B —
! [r— 4 — PABAH KPOB M3HAL TPEJAHOT MPOCTOPA U=1.000 W/
- <15 <10 - m?K - 6eToHCKe nnoye 3cm - BUTyMeHcKa xvuaporsonaLmja
l 0.2cm - Mepnut mantep 10cm - MBL kposHa Tpaka 0.1cm
_ <25 <18 -ab nnova 14cm
l : 4 — FLAT ROOF ABOVE HEATED AREA U=1.000 W/m’K -
_ <50 <35 = concrete tiles 3cm - bituminised hydroinsulated layer
0.2cm - Perlit light weight concrete 10cm - PVC roof band
<100 <70 0.1cm - reinforced concrete slab 14cm
— npeanoxero yHanpebherse - proposed refurbishment
<150 <105 _j_" 3 U=0.190 W/meK /
<200 <140 s
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3rpapga 6 — Building 6

Bpoj eTaxa Mo+MP+6 Number of floors B+GF+6
[oAnHa n3rpaae 1980. Construction year 1980
BpyTo noBpLuMHa 9714 m? Gross area 9714 m?
lpejaHa NoBpLWMHA 6475 m? Heated area 6475 m?
TNy HauMOHaNHOj TMMOOr iU E4/F4 National typology type E4/F4
TABYJIA Tvn 5_AB/6_AB TABULA type 5_AB/6_AB

E4 / ©4
E4/F4

oooo
oooo
oooo

>50%

2+ A

CrambeHn 00jeKTU KapakTepUCTUUHOM CTuna Koju ce
jaB/ba Kao peakuuja Ha npedabpukoBaHy apmmpa-
HO OETOHCKY apXUTeKTypy. Kocn KpoBOBW, MHAMBMAY-
anHn nposopn 1 kopuwherbe dacagHe oneke uumHe
yobunuajeHn apXMTETOHCKM jesnk oBor cTuna. Mogynap-
HOCT NPUCYTHA Y AM3ajHy MnaumMpa npedabprkosanry
rpaAHy HarnawasBaHeM, XOPU3OHTANHKX 1 BEPTUKAIHMX,
OETOHCKMX efnemMeHaTa Koju ce Ha TepMorpamy  jaBsbajy
Kao 30He Hajn3pasnTUjuX TOMNOTHMIX rybrTaka.

Mpumepn Case Studies

Residential buildings of characteristic style developed
as the reaction to the prefabricated concrete architec-
ture. Pitched roofs, individual window openings and use
of facade bricks are the common architectural language
of this style. The modularity present in the design is still
implying prefabrication, resulting in visually dominant,
horizontal and vertical, concrete elements which are
rendered in thermographs as the zones of higher ther-
mal losses.
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Mpumepn Case Studies

CermeHT dacape 1 — CermeHT BULLECIOjHE TEPMUUKM M30/10BaHe dacaje
Facade segment 1 — Segment of multilayered thermally insulated facade

TepMOBM3MJCKM CHUMAK BULLECTIOJHOT (pacaiHOT KasKaH-
CKOT 31[a Ca HarnaweHWM HEM3ONOBAHUM rpefamMa u
cTy60oBMMa Harnallaea 13pasute pasfnke y nepdopman-
cama 13mMehy pasnnunTix cermeHara.

13noxeHa ckeneTHa KOHCTYKLVja KapaKTepuLle ce BUCO-
KM TOMIOTHUM TybuuMMa 1 TemnepaTypHUM ouuTa-
BarbaMMa 3a rosoto 60C Behvm off ocTaTKa dacagHor
31a penaTnmeHo OOPUX TEPMUUKKX OCOBMHA.

The thermogram of the multilayered facade with brick
cladding and exposed non-insulated concrete beams
and posts illustrates the difference in performance
between the different sections.

The exposed skeletal structure is characterized by high
thermal losses resulting in temperature differences of
almost 60C compared to the relatively good performing
facade wall.

CermeHT dacage 2 — CermeHT BULIECSIOjHE TEPMUUKIM M30/10BaHe dacaae
Facade segment 2 — Segment of multilayered thermally insulated fagade

[letars dacape ca Tepacama.

Tepmorpam npuKasyje 3HauyajHe TOMIOTHe ryouTKe Ha
CBVIM HEW30/I0BaHMM apMMPaHO OETOHCKUM enemeHT-
Ma, Yak v Kafa ce OHM Hanase 13a duHanHor cnoja dacafg-
He oneke. 3HauajHO yHanpehere yKkynHVx npedopmaH-
cvn dacafe je NPYIMEHTHO, anvl HeAOBOSbHO TEPMUYKM
paspelleHy AeTarby U farbe Y3POKyjy 3HadajHe TonnoT-
He rybuTke.

Detail of facade with terraces.

Thermogram shows significant losses at the position of
non-insulated concrete elements, even those hidden
behind the final layer of facade bricks. A significant
improvement in the overall facade performance is nota-
ble but thermally unresolved architectural detailing is
still causing high thermal losses.
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Mpernen ocHOBHUX Mepa yHanpehera eHepreTcke eprkacHOCTU MpouetbeHa MHBeCTULMja
Review of main energy efficiency measures Estimated investment
Moc. HeonxogHa  Yuewhey MoBp-  Mepe nobosbluarsa Jen. ueHa YKymHO Qh,an En. Ywrena fopnwrba Mepvioa YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare 3rpagy NoBpLUMHE —
Pos. rnornpasKa ryéuuvva = edpurkacHoCcTn Unit price Total = = = = = — Per flat
— — Area — EPC Energy Annual Payback Total for the Per m2 of heated
Necessary Share Energy efficiency saving savings building surface
repairs in heat improvement
and /or transm. measures €93,233 €49 €2742
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/rop] [€/an] [roal] [years]
IBL| ctonapwja TonnotHn Fy6I/ILlVI KpO3 enemMmeHTe TepMNUYKOrr OMOTa4ya
[po3opu U=13 o
— [ ] 51 495 — 160 79,200 74.34 D 34 6164 13 H | | d h | | |
Windows PVC windows eat losses related to thermal enve opee ements
U=13
Moctojehe — Existin
3uposun 6cm 1 . ) 9
Mpema He- Tepmowu3onaumja +
rpejaHom 3a§ Wha 06 aJa CaHunpaHo — Refurbished
npocTopy ) 16 547 %P pan 14 7,658 10023 D 10 1924 4 2
Corridor 62mtEPS +new
walls P 3
Tasakuuia 6cm 0 25 50 75 100 Mwh/an
13Hag He- )
) Tepmou3onaumja
rpejaHor
+ HOBM 3aBPLUHM '
nogpyma crojesy 1 Mpozopn — Windows
— ©) 4 425 _ 15 6375 109.39 D 2 424 15 2 3upoBY Npema HerpejaHom npocTopy — Corridor walls
Flt())or ) 6¢cm of thermal 3 TaBaHuUa n3Hag HerpejaHor nogpyma — Floor above unheated basement
above un insulation + new
e finishin
basement 9 e e e .
1 1
YkynHo cse mepe — Combined measures 93,233 60.32 C 46 8512 11 ; HAHQME,HA: ;
! 3HauajHuja yHanpeherba TepMuukrx nepdpopMaHck 3rpage ce He !
! MOry OCTBapWTU y3 3afpxasarbe nocTojehux 3uaosa ca dacagHom |
1 onekom. Y ToM cmmciy 6u Tpebano pasmoTputh obumHuje |
| VHTEpBeHLUMje Ha 3rpaav U/ AO[ATHO K30/10Batbe CBUX GacasHux |
| 3uoBa. :
1 1
| 1
i NOTE: i
i No further upgrades with leaving the current brick facade can i
! significantly improve thermal characteristics of this building. For '
1 further improvements remodelling and / or additional insulating of 1
! all exterior walls should be considered. !
I I

68 69
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EHepreTckm paspep

EPS rating

A+

70

Qe [%] Qg KWh/(m?a)]
159.97 111.98

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175

> 250 > 175

Qg e [%] Qg (kWh/(m?a)]
86.17 60.32

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175

> 250 > 175

._[,

=13 Wim'K

Us0 381 Wik

Mpvivepn Case Studies

[eTar dacape

Facade detailing

OACALHN 31111 U=0.484 W/m?K - cunukaTHa nyHa oneka
12cm - BasfywWwHY CNOj 2CM - KameHa ByHa 5cm - MyHa
oneka 7cm - NpoAyXHV Mantep 2cm

EXTERNAL WALL U=0.484 W/m’K - silicate brick 12cm -
air gap 2cm - rock wool 5cm - brick 7cm - lime-cement
plaster 2cm

MPO30OPV — npepnoxerHo yHanpeherbe - proposed
refurbishment U=13W/m’K/

OACAHM 311 U=0.43 W/m?K - Eteprut nnoue 40/40/0.5
Cm - ApBeHa KOHCTPyKUMja - MopodeH - Tepmovizonaumja
6Cm - NyHa oneka 12cm - NpoAyXHW Mantep 2cm
EXTERNAL WALL U=043 W/m’ - Eternit fibre cement
plates 40/40/0.5 cm - wooden structure - Porofen -
thermal insulation 6cm - brick 12cm - lime-cement
plaster 2cm

MERYCMPATHA KOHCTPYKLUWIA M3HAL HETPEJAHOT
MPOCTOPA U=1.026 W/m’K - BuHa3 nnoye 0.3cm -
LieMeHTHM mantep 3.7cm - Tepson Tcm - TaBaHmya MIMC
22cm

FLOOR CONSTRUCTION ABOVE UNHEATED AREA
U=1.026 W/mK - Vinaz plates 0.3cm - cement plaster
3.7cm - Tervol insulation boards Tcm - IMS prefabricated
concrete slab 22cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.381 W/m’K

MEBYCMPATHA KOHCTPYKUWMJA - BuHaz nnoue 0.3cm
- UemMeHTHU mantep 3.7cm - Tepson 1cm - TaBaHMua
NMC 22cm

FLOOR CONSTRUCTION - Vinaz plates 0.3cm - cement
plaster 3.7cm - Tervol insulation boards Tcm - IMS
prefabricated concrete slab 22cm

KOC KPOB U=0.297 W/m’K - EtepHuT nnoue 40/40/0.5
cm - netge 5/3 - netse 5/3 - bTymeHcka nenexka 0.1cm -
facke 3a nog 2.5cm - por 5/8 - MopodeH - TepMonzonavivja
8cm - MOHTaxHa rpefa-cnper 15/17cm - MOHTaXHM pam
14/20cm - MopodeH - TepmorizonaLmja 4cm - netse (6op,
cMpeka) 3cm - ME dponmja 0.07cm - runc nnoye 1.25cm
PITCHED ROOF U=0.297 W/m’K - Eternit fibre cement
plates 40/40/0.5 cm - battens 5/3 - counter battens 5/3 -
bituminised cardboard 0.1cm - floor planks 2.5cm - rafter
5/8 - Porofen - thermal insulation 8cm - prefabricated
couple beam 15/17cm - prefabricated frame 14/20cm -
Porofen - thermal insulation 4cm - battens (pine, spruce)
3cm - PE foil 0.01¢m - gypsum boards 1.25cm
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3rpapga 7 — Building 7

bpoj eTaxa [P+6+1c
[oAnHa n3rpaae 1984.
BpyTo noBpLuMHa 6452 m?
lpejaHa NoBpLWMHA 4833 m?
TVN y HaLWMOHAaNHOj TMMONOrjn F4
TABYJIA Tvn 6_AB
Number of floors GF+6+RF
Construction year 1984
Gross area 6452 m?
Heated area 4833 m?
National typology type F4
TABULA type 6_AB

04
F4

w P

Mpumepn Case Studies

MpedabprikoBaHe apMUpaHO OEeTOHCKe 3rpafe Yrnas-
HOM Cy MpPOjeKToBaHe 1 KOoHCTpymncaHe 1970mx rognHa,
anu cy MHOre, Kao W MpuKasaHa, rpaheHe Tek y npBsoj
MONOBVHM HapeaHe aekafe. Vako cy CBM enemeH-
TV OMOTaua MpOjeKTOBaHN Kao M30510BaHK, febrbrnHa 1
KBanuUTeT 13onauuje Cy HefloBO/bHW, MPOMani Cy TOKOM
BpemeHa LITO pe3ynTupa Heofroeapajyhm 1 HeyjeaHa-
ueHVM nepdopmaHcama. Ha Tepmorpamy MOXemMo Brae-
™ 1 yobunuajeHe npobneme BesaHe 3a npedabprkoBaHe
cUCTeme Koju ce ornegajy y IoWyM TePMUYKKM KapaKTe-
pYCTVIKaMa Ha MecTVIMa Crnojesa 6eTOHCKYIX NaHena.

Prefabricated concrete buildings were mainly designed
and constructed throughout the 1970, but many apart-
ment blocks, like this one, were constructed in the first
half of the following decade. Although, all the elements
of the thermal envelope were designed as insulated, the
thickness and quality of this layer are insufficient, deteri-
orated over time rendering the performance of the walls
as unsatisfactory and non-uniform. The thermogram also
presents a common problem of prefabrication i.e. poor
thermal performance at the joints between the concrete
panels.
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Mpumepn Case Studies

CermeHT dacape 1 — CermeHT BULLECIOjHE TEPMIUKM M3010BaHe NpedabprkoBaHe dacage
Facade segment 1 — Segment of multilayered thermally insulated prefabricated facade

CermeHT npedabprikoBaHe apMmnpaHo BeTOHCKe naHers-
He dacage ca HarnaweHum TOMMOTHUM rybuuMma Ha
MECTy CrojeBa naHena.

YHyTpallkbe Bese, Y OKBMPY CamMor naHena, Takohe ce
jaB/bajy kao 30He noBehaHMX TOMNOTHYMX IyOUTaKa, oK ce
MeDYNpoCTopuY KapakTepuily HeyjenHaueHuM nepdop-
MaHcama, Kao nocneamua HepocTtajyhe wmnm nponane
TEpMUIUKe 130onaLmje.

A segment of the prefabricated reinforced concrete
panel facade with distinct thermal losses at the joints
between panels.

Internal panel connections are also visible as the zones
of increased thermal loss, while intermediate areas are
characterized by non-uniform performance as the conse-
quence of missing or deteriorated insulation.

CermeHT dacage 2 — CermeHT BULWECIOjHE TEPMUUKM 130710BaHe npedabprikosare dacasge
Fagcade segment 2 — Segment of multilayered thermally insulated prefabricated facade

CermeHT dacafie ca nohama Koje ce kapakTepuuy Behvm
TOMOTHUM ryOuLmMMa, yCnea yTuuaja NVHKCKX TePMNY-
KX MOCTOBa. Ha napaneTHVm 3u0BMMa Takohe ce
jaB/bajy BMCOKa TemnepaTypHa O4MTaBarba Kao MoCnean-
Lia nonoxaja pagujatopa 13a Hrx 1 nojayaHor TonnoT-
HOr NPOTOKa.

Facade segment with loggias which are characterized
by higher thermal losses due to the influence of linear
thermal bridges. The parapet walls are also marked with
high temperature readings as the consequence of the
position of the radiators behind them and intensive heat
transfer.
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I'Ipernep, OCHOBHUX Mepa yHanpeheH:a eHepreTcke ed)MKaCHOCTVI I'Ipou,el-beHa I/IHBeCTVILlVIja
Review of main energy efficiency measures Estimated investment
Moc. HeonxogHa  Yuewhey MoBp-  Mepe nobosbluarsa Jen. ueHa YKymHO Qh,an En. Ywrena fopnwrba Mepvioa YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
— caHaumja/  TpaHCMuC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare 3rpagy NoBpLUMHE —
Pos. rnornpasKa ryéuuvva = edpurkacHoCcTn Unit price Total = = = = = — Per flat
— — Area — EPC Energy Annual Payback Total for the Per m2 of heated
Necessary Share Energy efficiency saving savings building surface
repairs in heat improvement
and/ or transm. measures €353,445 €74 €5198
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/rop] [€/an] [roal] [years]
10cm TonnotHn FY6VILWI KpO3 enemMmeHTe TepMNUYKOrr OMOTa4ya
DacagHn Tepmousonaumja + _
3100BU HoBa pacasa
_ PY 23 240 30 72,660 12761 E 9 5175 14 Heat losses related to thermal envelope elements
Facade 10cm of thermal
walls insulation + new
facade 1 . MNoctojehe — Existing
[BL| ctonapwja CaHunpaHo — Refurbished
Mpo3sopun U=13 2
— @] 60 1475 — 160 236,000 7412 D 47 27017 9
Windows PVC windows
U=13 3
14cm , 0 100 200 300 400 MWh/an
Tepmou3onauuja
+ HOBW 3aBPLIHM
PR 2 cnojesn 1 ®acagHv 3uposu — Facade walls
= ) 5 689 d 65 44,785 13647 E 3 1557 29 _ ¢
Flat roof o 2 [posopu — Windows
j4cm thhermal 3 PasaH kpos — Flat roof
insulation + new
finishing
YKynHo cBe mepe — Combined measures 353,445 57.62 C 59 33750 10 [T i
id P | HAMOMEHA: :
! U36op dacagHe ctonapwije 6osbux neppopmaHcyt Morno ou butn |
| Beoma edukacH acTpaTtervja 3a OBy 3rpady. 3ameHa noctojehe |
| CTonapuje Mpo3opUMa ca  pesynTvpa  3HauajHUM  yMarberhem |
i TPAHCMOCUOHWX 1 BEHTUMaUMOHKUX rybuTaka, 6e3 notpebe 3a i
I 6110 KaKBOM MHTEPBEHLIMJOM Ha OCTANMM ENlEMEHTIMA TEPMUUKOT 1
! omoTava rpage. !
| J— 1
1 1
! NOTE: i
1 Opting for high-performance windows could be a very efficient }
1 strategy for this building. Replacing existing windows with the
i ones with U=0.1 Wm?/K results in significant reduction of heat and i
' ventilation losses without any other interventions on the building’s '
! envelope. '
I I

76 77
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EHepreTckn paspepg 5 [eTar dacape
EPS rating Facade detailing
Q... %] Q,, kWh/(m?a)] e propssad rebarbsheent E— 1— QACAIHM 3K U=0.928 W/m’K - wynma oneka 12cm
' ' [—_' - BasfywHu cnoj 1cm - OerHon naoye 2cm - apMypaHnt
5 ——e o] 6eToH 15cm - rnet 1cm
200.41 140.28 -
I | Us0.152 WimK EXTERNAL WALL U=0928 W/mZK - hollow brick 12cm
y - air gap 1cm - Fenol thermal insulation boards 2cm -
A+ <15 <10 l' reinforced concrete 15cm - plaster Tcm
<25 <18 : 1— OACAIHV 31 U=0.615 W/mK - apmupaHu 6eToH 8cm
— — 1 - Ba3AyLWHW CNoj 3CM - MOANCTUPEH 5CM - apMUpaHn
2 6eToH 10cm - rnet 1cm
<30 <35 =1 EXTERNAL WALL U=0615 W/mK - reinforced concrete
D 8cm - air gap3cm - polystyrene 5cm - reinforced concrete
<100 <70 [ = s 10cm - plaster Tcm
<150 <105 ‘ _;r— — npeanoxeHo yHanpehetbe - proposed refurbishment
U=1.3 Wim'K ' U=0218 W/m?K /
<200 <140 FPRANGEIO yHanpelyime MPO30PV — npepnoxeHo yHanpehere - proposed
200p08ed refutahmant refurbishment U=1.3 W/m?K

< <
<250 <175 2 — MO[ HA TNY U=0.714 W/mK - napkeT 1cm - LeMeHTHU

ecTpux 3cm - niyTa Tcm - 6eToH 12cm - KameHa ByHa
> 250 > 175 J 4cm - 6uTymMeHcKa xugovsonauuja 0.3cm - apmMupaHm

el 6eToH 10cm - WrbyHak 10cm
2 — GROUND FLOOR U=0.714 W/m’K - parquet 1cm - cement
SPAANGKEND YHaNpelns screed 3cm - cork Tcm - concrete 12cm - rock wool 4cm
proposed refurtahmant - bituminised hydroinsulating layer 0.3cm - reinfroced
1TET | ) concrete 10cm - gravel 10cm
QH,nd rel [%] QH,nd [kWh/(mZa)]
- = 3 — MERYCIMNPATHA KOHCTPYKLWMIA - napkeT 1cm - LeMeHTHM
82.31 57.62 2 ectpyix 3cm - nnyTa Tcm - a6 nnova 15cm
l 4 - 3 — FLOOR CONSTRUCTION - parquet 1cm - cement screed
| — 3cm - cork 1cm - reinforced concrete slab 15cm
- <15 <10 U=0.218 WK -
4 — PABAHKPOB U=0.658 W/m’K - kepammyke nnouutie 0.7cm
_ <25 <18 - LUeMEHTHM ecTpux 3cm - BUTyMeHCKa xuapounsonalmja
- 0.2cm - cnoj 3a nag - 6etoH 5cm - MeHon naove 5¢cm -
_ <50 <35 = MG tpake 0.1cm - ab nnoya 15cm
j— 4 — FLAT ROOF U=0.658 W/m?K - ceramic tiles 0.7cm - cement
1 - R X :
<100 <70 - screed 3cm - bituminised hydromsu\atl‘ng Iaygr 0.2cm -
E concrete laid to fall 5cm - Fenol thermal insulation boards
<150 <105 = 5cm - PIB bands 0.1cm - reinforced concrete slab 15cm
§ e TLo D] — a — npeanoxero yHanpebherse - proposed refurbishment
<200 <140 EXEEpa U=0.192 W/m?K /
I I
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3rpapga 8 — Building 8

bpoj eTaxa [Mo+l1P+6
[oAnHa n3rpaae 1980.
BpyTo noBpLuMHa 14893 m?
pejaHa NoBpLIMHA 14893 m?
TVN y HaLWMOHAaNHOj TMMONOrjn F4
TABYJIA Tvn 6_AB
Number of floors B+GF+6
Construction year 1980
Gross area 14893 m?
Heated area 14893 m?
National typology type F4
TABULA type 6_AB

04
F4

Mpumepn Case Studies

CrambeHe 3rpafle KybuuHe dopme ¥ jegHOCTaBHe
reomeTpuje ca paBHMM KpososumMa. Macafa je amsajHu-
paHa y KoMbunHaumj1 Hajuelhe kopuwheHrx MaTepujana
1970ux TO jecT of NpedabprkoBaHMX DETOHCKKMX eneme-
HaTa ¥ MPO30pckKx Tpaka 1 1980mx Koje Kapaktepwu-
wy ynotpeba dacagHe oreke 1 nojearHauHy nNpo3op-
CKM OoTBOPW. MaKo je dacafa peanvsoBaHa Kao,ceHasmy”
KOHCTPYKLMja Ca TEPMOM30S1aLMjOM 1 Ba3ayLWLHNM CII0jeM,
nebrblHa NpUMer-eHrx Matepujana Huje oarosapajyha
HWUTW JOBOSBHA. TepMOorpamm NpYKasyjy 3HauajHe NMHMjC-
Ke TonfoTHe rybuTke y 30HaMa OETOHCKIMX Noya 1 BEpO-
BaTHMX owTeherba TepMOM30aUMOHOT C/0ja Y AEN0BU-
Ma dacafjHor nnaTtHa.

These are residential buildings of cubic form and simple
geometry with flat roofs. The facade is designed as a
combination of materials of choice typical for 1970' i.e.
prefabricated concrete elements and ribbon windows
and 1980's characterized by individual openings and
facing brick. Although all fagcade walls are conceived as
“sandwich constructions” with an air gap and thermal
insulation, the thickness of applied insulating materials
is rather insufficient and ineffective. The thermal image
shows linear losses in the area of concrete slabs and
damaged thermal insulation within the facade walls.
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Mpumepn Case Studies

CermeHT pacage 1 — CermeHT BULIECTIOjHE TEPMMUKM 130/10BaHe dacaae
Facade segment 1 — Segment of multilayered thermally insulated facade

CermeHT dacafe ca npedabprkoBaHVM MapaneTnma,
MPO30PCKNM TPaKama 1 GacaHOM OneKom.

lako “30n0BaHKW, NapaneTHW 3UAOBM KapaKkTepuly ce
BEIMKMM TOMAOTHUM rybuUMMa Ha MehycrnojeBuma U
MEeCTy Be3e Ca apMMpaHO GEeTOHCKOM mnovoMm, Takohe
NPUMETHM ryouumn TonnoTe jaBrbajy Ce Ha MPO30PCKUAM
OKBVPWMMA HAapPOUMTO METaNHUM, Ha NoKany npr3emsba
1 ynasHor xona. Cepknax n3a dacagHe oreke jacHo ce
youaBa Ha Tepmorpamy ykasyjyhu Ha HejocTaTak TepmMo-
130MaLMOHOT CJ10ja.

A facade segment with prefabricated concrete elements,
ribbon windows and brick cladding.

Although insulated, the parapet walls are characterized
by high thermal losses at joints and connection with
the concrete slab. Also, significant losses are appearing
at the window frames especially those made from metal
at ground store shops and entrances. A horizontal ring
beam behind facade bricks is also visible in thermogram
indicating absence of insulation.

CermeHT dacage 2 — CermeHT BULIECSIOjHE TEPMUUKIM M30/10BaHe dacaae
Facade segment 2 — Segment of multilayered thermally insulated facade

CermeHT dacage ca pacaiHOM OMEKOM KapakTepulile ce
NPUMETHMM TOMAOTHUM FyOMUMMA Ha MeCTy XOPM30H-
Ta/IHNX CePKNaxa Kao U HejyeHaueHnM TeMnepaTypHAM
ounTaBarLVMa Y APYrMM 30Hama.

KBanuTeT v CTarbe TePMOM30MaLMOHOT Coja je ounrnes-
HO He3afjoBOsbaBajyhe WTo 3a pe3ynTaT UMa pasnnyuTe
nepdopmaHce.

BepTuKanHe Tpake Koje Cnajajy Npo30opCcKe OTBOPe 13Be-
[leHe Cy ManTepuicarbeM MpeKko M30MauUMoHOr Cflioja U
KapakTepulLly ce He3HaTHO HosbKM NnepdopmaHcama.

A facade segment with brick cladding characterized with
high thermal losses at the position of ring beams and
uneven temperature readings on other areas.

The quality and state of thermal insulation is obvi-
ously unsatisfactory having as the result non-uniform
performance.

Vertical stripes that are connecting windows are plas-
tered over the insulation layer with slightly better ther-
mal performance.
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Mpernen ocHOBHYX Mepa yHanpehera eHepreTcke eprKkacHOCTM

Review of main energy efficiency measures

Moc. HeonxogHa  Yuewhey Mosp- Mepe nobosbluarba Jen. ueHa YKynHO Qh,an EH. YwTtepa foautba Mepuog
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare
Pos. nonpaska ryéuuyva — edpurkacHocTn Unit price Total — — — —
— — Area — EPC Energy Annual Payback
Necessary Share Energy efficiency saving savings
repairs in heat improvement
and / or transm. measures
renovation losses
[%] [m? [€/m?] [€] [kWh/m?an] % [€/ron] [€/an] [ropl)] [years]
IBL| ctonapwja
Mpo3zopun U=13
— O 39 434 — 160 69,440 91.70 D 35 7747 9
Windows PVC windows
U=13
3vnoBK Sem
npema He- )
; Tepmomsonaumja +
rpejaHom
npocTopy ) 1 35 ~ 33BpwHaobpana 14 4928 13266 E 7 1458 3
a)rridor 5cm XPS + new
paint
walls
10cm
Tepmowusonaumja
PaBaH kpos + HOBW 3aBPLHM
— [ J 4 311 cnojesm 65 20,215 140.24 E 1 294 69
Flat roof —
10cm of XPS + new
finishing
YKynHo cBe mepe — Combined measures 94,583 80.03 D 44 9499 10

MpouemweHa nHBecTuymja

Estimated investment

YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
3rpagy NoBpLUMHe —
— — Per flat
Total for the Per m2 of heated
building surface
€94,583 €53 €3503

TonnoTHn FY6VILWI KpO3 enemMmeHTe TepMNUYKOIr OMOTa4ya

Heat losses related to thermal envelope elements

0 23

Mpo3opu — Windows

45 68

31posy Npema HerpejaHom npoctopy — Corridor walls

PaBaH kpos — Flat roof

HAMOMEHA:

NOTE:

Crnospalltbh 3U40BK HUCY YKIbYUYeHN Y MPEANOKeHN MakeT mepa.
[onasarbem 10cm Tepmowmsonauuvje Ha GeTOHCKe enemeHte u /
MW AOAATHO M30J10Batbe 31A0Ba OONOXKEHUX GacafHOM OMEKOM,
nobosolwana 61 ce eHepreTcka epuKacHOCT 3rpafe. 3a faba
nobosbliatba Tpebano 61 pamoTPMTY OnUMje 3a PEMOAENOBaHE.

The existing facade walls were not taken into consideration for
refurbishment. By adding 10cm of thermal insulation on concrete
elements and/or adding thermal insulation on the facing brick
facade walls, better energy efficiency could be achieved. For further
improvements remodelling should be considered.

. MNoctojehe — Existing

CaHunpaHo — Refurbished

90 MWh/an

Mpvivepn Case Studies
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EHepreTckm paspes

EPS rating

A+
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Qg [%] Q. [(kWh/(m?a)]

203.08 142.16

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175
> 250 > 175

Qg e [%] Q. [(kWh/(m?a)]

114.33 80.03

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105 ' D
<200 <140

<250 <175

> 250 > 175
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Mpvivepn Case Studies

[LeTar dacape

Facade detailing

OACAIHN 33U U=0651 W/m?K - npoaysHu KpeuHy
Mantep 2cm - nyHa oneka 25cm - MNE ¢onuja 0.02cm -
KameHa ByHa 2Cm - BasfyWHW CNOj, HEeNpOBETPaBaHy,
BEPTUKaNHK 1¢m - Wwynsba oneka 12

EXTERNAL WALL U=0.651 W/mK - lime-cement plaster
2cm - brick 25¢m - PE foil 0.02cm - rock wool 2cm - air
gap, not ventilated, vertical 1cm - hollow brick 12

OACAIHN 33U U=0951 W/m?K - npoayHu KpeuHy
ManTep 2cm - apmmupanm 6etoH 16¢cm - ME donwja 0.02cm
- KaMeHa ByHa 2Cm - BasfyWwHW Coj 1cm - apMupaHu
6eToH 8cm

EXTERNAL WALL U=0.951 W/m?K - lime-cement plaster
2cm - reinforced concrete 16cm - PE foil 0.02cm - rock
wool 2cm - air gap 1cm - reinforced concrete 8cm

MPO30OPV — npepnoxeHo yHanpeherbe - proposed
refurbishment U=1.3 W/mK/

MERBYCMPATHA KOHCTPYKUMIJA M3HAL HEPEJAHOI
MPOCTOPA U=0.706 W/m’K - Jlamen napker 0.8cm -
LeMeHTHM ecTpux 4 cm - ab nnoya 16cm - nnoye of
[ipBeHe ByHe 8CM - LIeMEeHTHM ManTep Ha pabuLly 2cm

FLOOR CONSTRUCTION ABOVE UNHEATED AREA U=0.634
W/mK - Lamel parquet 0.8cm - cement screed 4 cm
- reinforced concrete slab 16cm - wood wool thermal
insulation boards 8cm - cement plaster on metal lath 2cm

PABAH KPOB M3HAL IPEJAHOT MPOCTOPA U=0.401 W/
m’K-necaknwrbyHak 10cm-61TyMeHCKaxapon3onauyja
1.5cm - lepnanT mantep 5cm - nonaunypeTaHcke nnove
6cm - anymyHujymcka donuja 0.001cm - brtymer 0.3cm -
apmMypaHv 6eToH 16Cm - MPOAYKHW ManTep 2cm

FLAT ROOF ABOVE HEATED AREA U=0.401 W/m’K - sand
and gravel 10cm - bituminised hydroinsulating layer
1.5cm - Perlit light weight concrete 5cm - polyurethane
boards 6¢m - aluminium foil 0.001cm - bitumen 0.3cm -
reinforced concrete slab 16cm - lime-cement plaster 2cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.195 W/m’K/
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3rpaga 9 — Building 9

Bpoj eTaxa Mo+MP+6 Number of floors B+GF+6
[oAnHa n3rpaae 1994, Construction year 1994
BpyTo noBplMHa 6500 m? Gross area 6500 m?
lpejaHa NoBpLWMHA 4600 m? Heated area 4600 m?
TNy HauMOHaNHOj TMMOOr iU G4 National typology type G4
TABYJIA Tvn 7_AB TABULA type 7_AB

oooo

r4 [ aass
A D>

G4

>50%

Ycnen nonutudke cuTyaumje 1 nponafakba eKoOHOMKje
MHore npedabprkoBaHe 3rpafle Koje Cy MpojeKToBa-
He 1980wx 3aBpleHe cy paHux 1990ux rogmHa. Vako
CYy NPOjeKTOBaHE npema CTROXWjUM TePMUYKMM NPOMN-
C1Ma, OBE 3rpafe ce, No NpaBuily, KapakTepuwy NOLWKM
KBaNMTETOM M3rpajrbe WTO YeCTo 3a pesynTar Mma Beoma
nowe neppopMaHce Ma uYak M 34PaBCTBEHE PU3MKe.
Tepmorpam nnycTpyje 3HauajHe rpewke y KOHCTPYKUMjK
TEPMUYKOT OMOTaua, yr1aBHOM Ha MeCTUMa CrojeBa, Koje
3a pe3synTaT UMajy MHTEH3VBHE TOMNOTHe ryouTKe, WTo je
Y MOTMYHOj CYNPOTHOCTM OPUTMHANHOM peLuerby.

Mpumepn Case Studies

Due to the political situation and deteriorating econo-
my, many prefabricated apartment blocks designed in
1980's were completed in early 1990’s. Altough designed
according to the more strict thermal regulations, these
buildings are commonly known for the poor consruction
quality, which often results in major underperformance,
even health hazards. The thermogram illustrates signifi-
cant faults in the construction of the thermal envelope
mainly in the panel joints resulting in intense thermal
losses totally disproportional to the initial design.
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Mpumepn Case Studies

CermeHT pacape 1 — CermeHT BULLECIIOJHE TEPMUUKI 13010BaHe NpedabprkosaHe dacase
Facade segment 1 — Segment of multilayered thermally insulated prefabricated facade

CermeHT npedabprkoBaHe apMnpaHo OeTOHCKenaHen-
He dacape AM3ajHVIpaHe Npema HOBWM CTaHJapAMMa Ca
BehVM 130MaUMOHKM CIIOjeM Y OKBUPY CacTaBa naHena.
KBanwuTeT rpaare Huje y CKnafly Cca CTaHAapAoOM Mpojek-
TOBatba, M Ha TepMOrpamy Ce MOry YOUWuTW 3HauajHu
TOMNOTHW rYOULM Ha CnojeBrMa U3Mehy naHena Kao 1 Ha
MeCTMMa YHyTap naHenHvx Besa. Takohe cy npumeTHa u
HeyjefHaueHa TemMnepaTypHa ouvTaBarba Mo NOBPLIMHY
naHena ykasyjyhu Ha HeXOMOreHOCT 13onaLuje.

A segment of the prefabricated reinforced concrete
panel facade designed according to the new standards
with thicker insulated layer within the panel structure.
The construction quality is not in line with the design
premises and the thermogram illustrates significant ther-
mal losses at the joints between panels and at the Inter-
nal panel connections. Also non-uniform temperature
readings over the face of the panel are notable illustrat-
ing non-uniformity of insulation.

CermeHT dacafie 2 — CermeHT BULLIECTIOjHE TEPMUYKY M30/10BaHe NpedabprikoBaHe dacaae
Fagcade segment 2 — Segment of multilayered thermally insulated prefabricated facade

CermeHT dacafe ca cpefulirber aena 3rpafe Koju ce
KapakTepuLle NPUMETHUM BapmjaLmjaMma Kako y ANCTpU-
OyUMjW TaKO M Y UHTE3UTETY TeMNepapyTHIX OUMTaBakba
yKa3yjyhi Ha HeyHMPOPMHOCT cacTaBa naHena.

Benviku TonaoTHM ryBuLmM No NOBPLUMHWM, U HAPOUMTO, Ha
MECTMMA CMojeBa NaHena ykasyjy Ha Nponaaak-e Uan vak
0[ICYCTBO TEPMOW30NaLMOHOT Clloja.

A facade segment of the middle part of the building that
is characterized by notable variations in both pattern and
intensity of temperature readings illustrating non-unifor-
mity of the panel structure.

High thermal losses at the joints of the panels and
throughout the surface of the panel indicate deteriora-
tion or even absence of thermal insulation.
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Mpernen ocHOBHYX Mepa yHanpehera eHepreTcke eprKkacHOCTM

Review of main energy efficiency measures

Moc. HeonxogHa  Yuewhey Mosp- Mepe nobosbluarba Jen. ueHa YKynHO Qh,an EH. YwTtepa foautba Mepuog
— caHauuja / TPaHCMKC. WnHa eHepreTcke — — paspef eHeprje  ywreaa otnnare
Pos. nonpaska ryéuuyva — edpurkacHocTn Unit price Total — — — —
— — Area — EPC Energy Annual Payback
Necessary Share Energy efficiency saving savings
repairs in heat improvement
and / or transm. measures
renovation losses
[%] [m? [€/m?] [€] [kWh/m?an] % [€/ron] [€/an] [ropl)] [years]
8/10cm
MacagHn Tepmousonaumja +
3100BU HoBa pacasa
= [ ] 22 1166 — 25 29,150 115.14 E 4 703 41
Facade 8/10cm of thermal
walls insulation + new
facade
[1BL| ctonapuja
Mpo3sopun U=13
— [ ] 41 314 — 160 50,240 7418 D 38 6121 8
Windows PVC windows
U=13
3uposn 6cm
npema He- )
B Tepmousonaumja +
rpejaHom 6pama
npocTopy o) 18 437 ~ 3aBPwnacopan 14 6,118 107.56 E 1 1706 4
C_orridor 6cm EPS + new
paint
walls
16cm
Tepmou3onauuja
Kocw kpos + HOBW 3aBpLUHYM
- ° 7 369 TOeEY 68 25,092 116.79 E 3 485 52
Pitched —
roof 16cm of thermal
insulation + new
finishing
YKynHo cBe mepe — Combined measures 110,600 52.51 C 56 9015 12

92

A W N =

MpouemweHa nHBecTuymja

Estimated investment

YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
3rpagy NoBpLUMHe —
— — Per flat
Total for the Per m2 of heated
building surface
€110,600 €72 €4254

TonnoTHn FY6VILWI KpO3 enemMmeHTe TepMNUYKOIr OMOTa4ya

Heat losses related to thermal envelope elements

18 35 53

MacagHu 3nposv — Facade walls

Mpo3opu — Windows

3nposv Npema HerpejaHom npoctopy — Corridor walls
Kocw kpos — Pitched roof

HANOMEHA 1:

CaHalmja KOCOr KpOBa je MpeanoXeHa 3ato WTo nocrojehn kpos
NPOKMLUHbaBa 1 NOKPUBEH je azbecT-LemeHTHUM nnodama. OBaj Tun
NoKpyBaya je 61o Beoma nonynataH Tokom 1980-mx 1 paHux 1990-
NX Y MOXe Ce B1aeTn 1 Ha 3rpaan 06.

NOTE 1:

Pitched roof refurbishment is proposed because the roof is leaking
and is covered in asbestos tiles. This type of roofing was very popular
in 1980's and early 1990's and can bee seen on Building 06.

Mpvivepn Case Studies

. MNoctojehe — Existing

CaHunpaHo — Refurbished

70 MWh/an

! HATIOMEHA 2:
! CaHauvja dacage je npeanoxeHa 3ato WTo noctojeha dacaga He
| 33[0BOsbaBa NPOjeKTHe YCII0BE U1 MO CBOj NMPUINLK je CBOjeBPEMEHO
1 nowe wu3sefeHa. Mamepere U speaHocTv sapupajy oa 0,7 1o 2,26
1 WmZK (y npoceky 1.4 Wm2/K) fok cy npojekTtosare U speaHocT
i 045-0.46Wm?/K Toje uecto 61o CNyyaj Ca 3rpafjama KOHCTPYMCaHUM
i TOKOM 1990mX.

| J—

t NOTE 2:

i Facade refurbishment is proposed because the facade was
i underperforming and was apparently poorly constructed. The
1 measured U-values of the walls are ranging from 0.7 to 2.26 Wm?/K
i (average 1.4 Wm?/K) while designed U-values are 0.45-0.46 Wm?%/K.
' This was often the case with the apartment blocks constructed
! during the 1990's.
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EHepreTckm paspes

EPS rating

A+
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Qg [%] Qg KWh/(m?a)]
172.08 120.46

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175

> 250 > 175

Qg e [%] Qg (kWh/(m?a)]
75.01 52.51

<15 <10

<25 <18

<50 <35

<100 <70

<150 <105

<200 <140

<250 <175

> 250 > 175
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Mpvivepn Case Studies

[LeTar dacape

Facade detailing

OACAIHN 311 U=0.457 W/m?K - apmupativi 6eToH 6¢m -
NONMCTVPEH MoYe 8cm - apMrpaHn 6eToH 10cm

EXTERNAL WALL U=0457 W/m’K - reinforced concrete
6cm - polystyrene boards 8cm - reinforced concrete 10cm

— npeanoxeHo yHanpeberse - proposed refurbishment
U=0.270 W/m’K /

MPO30OPV — npepnoxeHo yHanpehewe - proposed
refurbishment U=1.3 W/m’K/

OACAIHN 311 U=0.457 W/mK - apmupatii 6eToH 10cm
- NOAVCTUPEH Nnoye 8Cm - apMm1paHn 6eToH 6¢cm

EXTERNAL WALL U=0457 W/m’K - reinforced concrete
10cm - polystyrene boards 8cm - reinforced concrete 6cm

OACALHM 31 U=0.462 W/m’K - wynsba dpacaaHa oneka
12Cm - NOAUCTMPEH Noye 7Cm - apMypaHn 6eToH 15cm
OACAAHW 31]] U=0462 W/mK - wynrba pacaaHa oneka
12Cm - NOAUCTMPEH nfoye 7Cm - apMm1paHy 6eToH 15cm

OACAIHN 311 U=0.451 W/mK - apmupati 6eToH 15cm
- NOANCTUPEH Nnoue 8cm - apMm1paHn 6eToH 8cm

EXTERNAL WALL U=0451 W/m’K - reinforced concrete
15cm - polystyrene boards 8cm - reinforced concrete 8cm

MERBYCMPATHA KOHCTPYKUMIA M3HAL HEPEJAHOI
MPOCTOPA U=0.410 W/m’K - napker 1cm - UeMeHTHM
ecTpux 3.5cm - TE dponnja 0.01cm - nonncTvpeH nnove
8cm - a6 nnouva 18cm

FLOOR CONSTRUCTION ABOVE UNHEATED AREA U=0.410
W/m - parquet 1cm - cement screed 3.5cm - PE foll
0.01cm - polystyrene boards 8cm - reinforced concrete
slab 18cm

— npeanoxeHo yHanpehetse - proposed refurbishment
U=0.189 W/m?*K /
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3rpaga 10 — Building 10

bpoj etaxa [1P+6
foanHa nsrpagme 2006.
BpyTo NoBpLInHa 2053 m?
lpejaHa noBpLIMHa 1230 m?
Tun y HaLMOHaHOj TUNONOT U)K G5
TABYNIA Tvin 7_MF
Number of floors GF+6
Construction year 2006
Gross area 2053 m?
Heated area 1230 m?
National typology type G5
TABULA type 7_MF
5

G5

w P

oooo
oooo
oooo

>50%

Mpumepn Case Studies

CaBpemeHa cTambeHa 3rpafa Yy rpaackom jesrpy Ha
YraoHoj napuenu ca TPaHCMOHOBAaHWM reOMeTPN30Ba-
HVYM enemeHTVMa CTUACKE apxuTekType. Kapakrtepu-
we ce GacafoM Of BEWTAuYKOr KaMeHa M CKPUBEHWM
KOCKM KpoBOM. OMOTay MpOjekToBaH Kao CeHABMY 317
Ca Cfiojem M30Maumje Ha TepMorpamMmy Kapakrepuie ce
A06PUM TEPMUUKMM OCOBMHAMa OCUM Y 30HaMa Xopu-
30HTAMHUX CePKIaXa Kao W rpefa Koje Hoce epkepHO
npenyLwTeHn Koprnyc CnpaTtoBa rae Ce jaBsbajy npumeT-
HW rybuuUM TOMNOTe, NPBEHCTBEHO YCNe HeaAeKBaTHON
n3Boherba.

A contemporary residential building constructed in the
inner city area, at a corner position. It is characterized by
transposed geometrical elements of stylistic architec-
ture: facade made from decorative plaster and apitched
hidden roof. The envelope has been designed as a “sand-
wich” construction with an insulation layer and on ther-
mogram displays satisfactory performance except at the
position of ring beams and cantilevered beams, where
notable heat losses can be identified, mainly due to the
improper construction methods.
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Mpumepn Case Studies

CermeHT pacage 1 — CermeHT BULECTIOjHE TEPMMUKM 130/10BaHe dacaae
Facade segment 1 — Segment of multilayered thermally insulated fagcade

[leTasb 3aBpLIETKa YraoHOr MOTMBA KOMMOHOBAH MOBna-
uerbeM Gopme Ce KapakTepulie AOOPUM TEPMUYUKMM
nepbopmMaHcama OCM Ha NosuumjaMma cepknaxa rae cy
MOTY U3MEPUTI BUCOKe TemnepaTypHe BPEeAHOCTY.
HancTpeliHnLie KpOBHYX Tepaca Cy U3BeAeHe Kao araHa
KOHCTPYKLWja Ca PenaTUBHO ManuM yTuLiajem Ha TepMmny-
Ke neppopmaHce oMoTaya.

A corner detail composed by recessing the building form
is characterized by good thermal performance except at
the position of ring beams where higher temperature
values vere recorded.Metal and glass eaves, over roof
terraces, are not influencing the thermal performance of
the envelope.

CermeHT dacage 2 — CermeHT BULLECIOjHE TEPMUYKIM M30/10BaHe dacaae
Facade segment 2 — Segment of multilayered thermally insulated facade

CermMeHT yrna Ha Kome je MpWMEeTHa nojaea rybutaka
TOMIOTE Ha XOPW3OHTANHMM CepKAaXkMma. VHTesuTeT
rybutaka Bapvpa of cnpata Ao cnpaTa ykasyjyhu sulle
Ha yTu1Uaj M3BoheHa Hero Ha Npobnem y Av3ajHy AeTarba.
Mpo3opu cy nOBPOr KBanuTeTa 1 aAeKBaTHe yrpadme.

A corner segment of the building which is characterized
by thermal losses at the position of ring beams. Intensity
of the losses varies from one storey to another indicating
influence of craftsmanship and not design. The windows
are of good quality and proper installment.
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Mpernep ocHOBHUX Mepa yHanpehera eHepreTcke eprkacHOCTU MpouereHa nHBectTuumja
Review of main energy efficiency measures Estimated investment
Moc. HeonxogHa — Yuewhey MoBp-  Mepe nobosbluarsa Jen. ueHa YKynHO Qh,an En. Ywrena fopnwrba Mepvoa YKymHO 3a ueny Mo 1m? rpejaHe [No cTany
— caHauuja / TPaHCMKC. WnHa eHepreTcke — paspef eHeprje  ywreaa otnnare 3rpagy NoBpLUMHe —
Pos. nornpasKa ryéuuyva = edpurkacHocTn Unit price Total = = = = = — Per flat
— — Area — EPC Energy Annual Payback Total for the Per m2 of heated
Necessary Share Energy efficiency saving savings building surface
repairs in heat improvement
and/ or transm. measures €83,225 €45 €3468
renovation losses
[%] [m?] [€/m?] [€] [kWh/m?an] % [€/ron] [€/an] [ropl)] [years]
IBL| ctonapwja TonnotHn Fy6I/ILlI/I KpO3 enemMmeHTe TepMNUYKOIr OMOTa4ya
Mpo3zopun U=1,1 _
— @] 22 346 — 190 65,740 58.28 C 6 560 117 H | | d h | | |
Windows PVC windows eat losses related to thermal enve opee ements
U=13
10cm popatHe 1 . MocTojehe — Existing
Tepmousonauuja
P e zﬂzg::msaspu.mm . CaHunpaHo — Refurbished
- o) 7 60 9 65 17,485 60.99 C 1 127 137 2
Flat roof
[0cm ofthermal 0 4 7 1 14 MwWh/an
insulation + new
finishing
1 Mpozopn — Windows
YkynHo cBe mepe — Combined measures 83,225 57.48 C 7 688 121 2 Pasan kpos — Flat roof
[T i
! HAMOMEHA: !
! Mepe 3a yHanpeherbe eHepretcke eduKacHOCTM Mory 6uth !
| pasmatpaHe camO KOA 3rpajia Kof Kojux Cy nocTojanut aedektn y |
| M3BONEtbY MU Y OKBMPY PEAOBHYIX LVKIYCa OApKasarba. H
1 1
| 1
i NOTE: i
i Measures for improving energy efficiency can be taken into i
1 consideration only for the underperforming buildings with 1
! construction faults or within regular maintenance cycles. !
I I



Cauysaj eHeprujy Conserve Energy

EHepreTckm paspes

EPS rating

A+

Qg [%] Q. [(kWh/(m?a)]

88.27 61.79

<15 <10

<25 <18

<50 <35

<100 <70
<150 <105

<200 <140

<250 <175

> 250 > 175

Qg e [%] Qg (kWh/(m?a)]

82.11 57.48

<15 <10

<25 <18

<50 <35

<100 <70
<150 <105

<200 <140

<250 <175

> 250 > 175

e e
peoposed refurtishmant

Mgy o re g = e

i

U=t3 w.m;x 7

MPOANCREHO YHANDAT 0
proposed rebartshment
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Mpvivepn Case Studies

[LeTar dacape

Facade detailing

OACAIHN 33U U=0372 W/m?K - npoayHu KpeuHy
mantep 2cm - rutep 6nok 19cm - ME ponmja 0.01cm
- CTakfleHa ByHa 6Cm - MyHa oneka 12cm - Mpamop,
L[ONOMUT 3¢m

EXTERNAL WALL U=0.372 W/m?K - lime-cement plaster
2cm - clay block 19cm - PE foil 0.07cm - glass wool 6¢cm -
brick 12cm - marble, dolomite 3cm

MPO30OPV — npepnoxeHo yHanpeherbe - proposed
refurbishment U=1.3 W/mK/

MEBYCMPATHA  KOHCTPYKUMIA  M3HAL  CMOSbHOT
MPOCTOPA U=0.252 W/m*K - NapKeT 2.2CM - UEMEHTHM
ectpux 4cm - ME donwvja 0.01cm - nnyTa 2cm - ab nnova
20cm - kameHa ByHa 10cm - LeMeHTHV ManTep 2cm
FLOOR CONSTRUCTION ABOVE OUTER AREA U=0.252 W/
m?K - parquet 2.2cm - cement screed 4cm - PE foil 0.01cm
- cork 2cm - reinforced concrete slab 20cm - rock wool
10cm - cement plaster 2cm

PABAH KPOB M3HAL IPEJAHOT MPOCTOPA U=0.301 W/
m’K - kepamuyke naoumue 0.8Cm - LeMEeHTHM ecTpyx 2cm
- GUTyMeHCKa xuapounsonaumja 0.3¢m - LeMeHTHM ecTpyx
2cm - MNE donuja 0.01cm - kameHa ByHa 10cm - ab nnoya
20cm - UemMeHTHN mantep 2cm

FLAT ROOF ABOVE HEATED AREA U=0301 W/m’K -
ceramic tiles 0.8cm - cement screed 2cm - bituminised
hydroinstulating layer 0.3cm - cement screed 2cm - PE foil
0.07cm - rock wool 10cm - reinforced concrete slab 20cm
- cement plaster 2cm

— npeanoxeHo yHanpeherse - proposed refurbishment
U=0.176 W/m’K /




CuHTe3Hu nperned n nopehetbe Overview and crosscomparison
no6unjeHnx pesynTata of results
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36vipHY Nperneq pesyntarta

Summary results overview

Objalwrberba TepMmUHoNorvje 1 noaataka explanations of technical terms and data

MoTpebHa eHepruja 3a rpejarbe: noctojehe 1 yHanpeheHo cTame 3rpage

Energy needed for heating for existing and improved state

bpoj MocTojehe — Existing CaHvpaHo WHBecTnumja [€] — Investment [€] Ywrena foanwrea Mepwvoa
CTaHOBa — Refurbished eHepruje ywrena otnnare
_ %] (€] [rog]
Number of — — _
dwelling Qhnd EH. Qhnd EH. YKynHO Mo mz [No cTaHy Energy Annual Payback
units tkwh/ paspen tkwh/ paspen — rpejare — saving savings [years]
roa.] = ron.] = Total nospuwuHe  Per flat [%] [€]
— EPC — EPC —
Qhnd Qhnd Per m? of
[kWh/an] [kWh/an] heated
area
3rpaga 1 — Building 1 6 162.08 F 7791 D 20,218 54 3,370 52 2,689 8
3rpaga 2 — Building 2 24 167.75 F 69.62 C 64,733 53 2,697 58 7,683 8
3rpaga 3 — Building 3 20 17143 F 5344 C 69,512 61 3,476 69 11,524 6
3rpaga 4 — Building 4 81 156.78 F 67.85 C 279,877 64 3,455 57 35,826 8
3rpaga 5 — Building 5 84 137.59 E 4745 @ 344,574 57 4,102 66 47,264 7
3rpaga 6 — Building 6 34 111.98 E 60.32 @ 93,233 49 2,742 46 8512 1
3rpaga 7 — Building 7 68 140.28 F 57.62 @ 353,445 74 5,198 59 33,750 10
3rpaga 8 — Building 8 27 142.16 F 80.03 D 94,583 53 3,503 44 9499 10
3rpaga 9 — Building 9 26 120.46 E 5251 C 110,600 72 4,254 56 9,015 12
3rpaga 10 — Building 10 24 61.79 C 5748 @ 83,225 45 3,468 7 688 121

lMocTojehe CaHupaHo
E:isﬁng %furbished
Qhnd [kWh/rog.] Qhnd [kWh/rog.]
&md [kWh/an] &md [kWh/an]
1 162.08 7791
2 167.75 69.62
3 17143 5344
4 156.78 67.85
5 137.59 4745
6 111.98 60.32
7 140.28 57.62
8 142.16 80.03
9 12046 52.51
10 61.79 5748
180 Qhnd [kWh/rog] — Qhnd [kWh/an]
135
90
45
. MocTojehe — Existing
0 CaHuparo — Refurbished
1 2 5 6 8 9 10
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MHBecTnLmja y eHepreTcKy 0OHOBY: MO M? rpejaHe NoBpLUMHE, MO CTaHy U eHepreTcKka ylTeaa YwreheHa eHepruja no € nHeBecTMunje
Investement in energy refurbishment: per m? of heated surface, per flat, and energy savings Energy savings (kWh) per € of investment
MHBecTnumja — Investment Ywrena eHepruje (%] fognwrba ywrena [Nepviog otnnare MHBectnumja [€] — Investment [€] YwTrepa Ywrepa fopgnwma Ywrepa Mepuon
— [100 €] [ron] eHepruje eHepruje ywrena [€] eHeprvjano  otnnate
Mo m? rpejaHe [Mo ctaHy [100 €] Energy saving [%] — — YkynHo Mo m? lMo cTaHy [%)] Qhnd — YKYMHOj VH- [roa.]
nospLnHe [€] — Annual savings Payback [years] — rpejate — — [kWh/roa] Annual BECTULM|M —
— Per flat [100 €] [100 €] Total noBpLIVHe Per flat Energy — savings [€] kWh/€] Payback
Per m? of heated — saving Energy = [years]
area [€] Per m? of [9%] saving Energy sav-
heated area Qhnd ing per total
1 54 33 52 27 8 [kWh/an] investment
[kWh/€]
2 53 27 58 77 8
1 20,218 54 3,370 52 31,261 2,689 1.55 8
3 61 35 69 115 6
2 64,733 53 2,697 58 119,719 7,683 1.85 8
4 64 35 57 358 8
3 69,512 61 3,476 69 135,240 11,524 1.95 6
5 57 41 66 473 7
4 279,877 64 3455 57 386,211 35,826 1.38 8
6 49 27 46 85 M
5 344,574 57 4,102 66 549,524 47,264 1.59 7
7 74 52 59 337 10
6 93,233 49 2,742 46 98,363 8512 1.06 11
8 53 35 44 95 10
7 353,445 74 5,198 59 392,490 33,750 111 10
9 72 43 56 90 12
8 94,583 53 3,503 44 110,917 9,499 1.17 10
10 45 35 7 7 121
9 110,600 72 4,254 56 104,503 9,015 0.94 12
10 83,225 45 3,468 7 7,996 688 0.10 121
80

/\ /\ 2.00

1.50

<
\/_/ N 100

. MHBecT1umja no m2 rpejaHe nospuimHe [€] — Investment per m2 of heated area [€]

20

0.50

. MHBecTuumja no ctany [100 €] — Investment per flat [100 €] . . .
YwTeaa eHeprutja no ykynHoj nHeectuumju [kWh/€]

ie [0] — i 0
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EHepreTckm pa3pef npe v nocse NprMeHe Mepa caHauuje

Energy grade before and after the implementation of refurbishment measures

EH. paszpeg — EPC

lMocTojehe CaHupaHo MocTojehe CaHvpaHo

gisting gfurbished E_xistmg %furbished
1 F D 1 3
2 F C 1 4
3 F C 1 4
4 F C 1 4
5 E @ 2 4
6 E C 2 4
7 F @ 1 4
8 F D 1 3
9 E C 2 3
10 C @ 4 4

. MocTojehn eHepreTckm paspen — Existing EPC

CaHuparn eHepreTckm paspes — Refurbished EPC




10 Kopaka y npouecy yHanpehena 10 steps in the process of energy
eHepreTcke ePpUKaCHOCTH efficiency improvement
noctojehux 3rpaga of the building stock



+ YHanpehere eHepreTcke eduKacHOCTM Yy 3rpa-
[apCTBY HMWje jeAHOCTaBaH NocTynak. OH NpefctaB/ba
KOMOWHaLWjy CTpaTeLlKUX offlyKa Kojuma AeduHuwe-
MO OBUM, HMBO W TUM WMHTEPBEHLMja Kao M1 pasnuyuTte
TEXHMYKE 1 NPaBHe Kopake Koje MOpaMo MPaTUTL Y TOKY
CnopoBohesa NocTynka.

+ Kako 6McMOo Bam MojacHMAN OBaj CIIOXEHM MPOLeC,
noKylanu cMo fa y 10 Kopaka nNpuKakemo HajoutHuje
Teme ca KojuMa heTe ce CyCpecTu YKOIMKO Ce oftyunTe
[la yHanpeawTe eHepreTcka CBOjCTBa 3rpaje

« OBaj BOKYMEHT je HamerbeH CTaHapKMa, NPeLCTaBHN-
LMMa acoumjaLmja CTaHapa Kao v eHepreTcKMM CaBeTHW-
UMMa Kako 6u mornu edukacHuje Aa carnepajy npotec
M fa ce ynosHajy ca NojefvHUM TEXHNYKM ¥ MPaBHUM
KopaLma Koju Cy HeOMXOAHW 3a MPaBMHO NpoBohere

npoleaype.

- The energy efficiency improvement in buildings is
not a simple procedure. It represents a combination of
strategic decisions within which we need to define the
scope, the level and the type of interventions as well
as different techniques and legal steps to be followed
during the implementation procedure.

- In order to explain this complex process we have
tried to present the most significant topics within these
10 steps, which you will have to deal with if you decide
to improve the energy efficiency characteristics of your
building.

- This document is meant for tenants, representa-
tives of tenants' associations as well as energy advisors
so they can understand the process better and become
familiarized with specific technical and legal steps which
are necessary for the correct implementation of the
procedure.

(1) MHpopmucarbe, ynosHaBatbe ca MOTEHLMjANOM
eHepreTcke caHauuje
— Koja je cBpxa eHepreTcKe caHaLmje 1 Kako MOXKeMO
npoueHnTn ywreae?

KopucTn nprMeHe Mepa eHepreTcke caHauuje:
« AIEKBaTHOM EHEepreTcKOM CaHauMjoM CMatbyjy ce
noTpebe 3a eHeprjom, a Cammm TUM CMakbyje ce 1 yTpo-
LWaK eHepreHarta.
- EHepreTcka caHaumja he omoryhwTn 3arpeBarbe
(xnahetrbe) BMLLIE KOPUCHOT MPOCTOPa 3a UCTa EKOHOMCKA
cpencTBa, nosehagajyhv npocTopHK koMdop y 0bjeKTn-
Ma KOjU Ce He KOpUCTe Yy LEeNnoCTn, OAHOCHO CMaHeHe
YTPOLLIKa eHepreHaTta 3a ocTasne objekTe.
- CaHvipaHe 3rpage Mmajy 6osbe yKynHe nepdopmaH-
ce (ycnose KOMPOPa), MPOLYKEHWN KUBOTHUN BEK M CaMUM
TVIMe 1 BeRy TPXKWLLHY BPELHOCT.

[poueHa noTteHuMjana ywTeae Ha KOHKPETHOM
cnyvajy:
- [npekTaH noTeHuwmjan ywtene Moxe ce NpoLeHnTU
Ha OCHOBY MofaTaka NPeACTaB/beHVX y OKBMPY Hauwmo-
HafHe Tunonoruje ctambeHunx 3rpaga Cpbuje u ctyavje
CauyBaj eHeprujy.’
- [lpoueHa noTeHuUWjana ywreae MNPUMEHOM Mepa
eHepreTcke caHauuje ce BpwW ynopehnsarem aHanm-
3vipaHe 3rpage ca oaroeapajyhom mMofgenckom 3rpagom
y MaTpuuy HaunoHanHe Tmnonornje OfHOCHO CTyauje
Cauysaj eHeprujy.
« Y OKBMPY HaBefeHUX Mybnukaumja Mory ce uae-
TMGMKOBATN NpeanoxKeHe mepe yHanpehera 0gHOCHO
MOXe Ce MPOLEeHUTV MNOoTeHumjan ywreae OCTBapeH
FoVIXOBOM TMPUMEHOM 3a MOCMaTpaHu MOAENCKK 0bje-
KaT (peanHa MOTPOLWHA MOXKE BapupaTV ychen pexi-
Ma Kopuwhetba, 00MMKa, BEAMUMHE U PA3IUUUTOCTU Y
maTepujanvaumjn).
« Y nuTarby Cy MpopaudyHcke BpeaHocTV (6a3vpaHo
Ha 3arpeBarby Liene 3rpage) Koje Ciy»Ke Kao OpUjeHTUP:
CBakKa 3rpaja je jeAnHCTBeHa Te ce NOoTeHLWjanHe ywreae
MOTY Pa3nMKOBaTU.

! Ty6nukauwje cy AOCTYMHe Ha CajTy APXUTEKTOHCKOT daKynTe-
Tay 6eorpany — www.arh.bg.ac.rs

(1) Learning about the potential of energy retrofit
measures

— What s the purpose of energy retrofitting and how
can we assess the savings?

Effect of the implementation of energy retrofitting
measures:
« Inline with energy retrofitting the energy demand is
reduced thus reducing the use of fuels
- Energy retrofitting will enable the heating (cooling)
of more usable space for the same financial means thus
increasing the comfort in buildings which are not being
used as a whole i.e. the reduction of the use of fuel for
other buildings.
- Retrofit buildings have better total performances
(comfort conditions), a prolonged lifetime and thus a
higher market value.

Assessment of savings potentials for a concrete case:
- Thedirect savings potential can be assessed based on
data presented within the National Typology of Residen-
tial Buildings of Serbia and the study Conserve Energy:.’
- The assessment of saving potentials with the imple-
mentation of energy retrofit measures takes place by
comparing the analysed building with corresponding
model one in the matrix of the National Typology i.e. the
study Conserve Energy.
- In mentioned publications proposed improvement
measures can be identified i.e. it is possible to evaluate
the savings potential achieved with their implementa-
tion for the observed building type (the real consump-
tion can vary due to different uses, forms, sizes and
materialization).
- The calculation values (based on the heating of
the whole building) serve as orientation: every build-
ing is unique and potential savings can differ between
buildings.

! These publications are available on the website of the Faculty
of Architecture in Belgrade — www.arh.bg.ac.rs

w
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(2) 3aKOHCKM OCHOB NOCTYMKa eHepreTcke caHauuje
— Koju je 3aKOHCKM OCHOB cnpoBoherba MocTynKa
eHepreTcke caHauuje?

3aKOHCKM OCHOB:
« OCHOBHW NPaBHW aKkT NPeACTaB/ba 3aKOH O MiaHW-
patby 1 13rpaarK [1] kao 1 3aKoH O ofpKaBakby CTambe-
Hux 3rpaga [2].
- [pouenype y Be3n ca ogpehnBarem HMBOA eHep-
retcke edrKacHOCTV OfJHOCHO HauMHa cepTudMKalmje
Cy Mponu1caHe NOA3aKOHCKMM akT1Ma: [1paBUAHMKOM O
eHepreTckoj edukacHocTv 3rpaaa [3], MNpaBunHUKOM O
YCIOBWMA, CafAPXKUHU 1 HAUMHY M3[aBarba CcepTudurKa-
Ta O eHepreTCKMM CBOJCTBMMA 3rpada [4], OOK je caapaj
NpojekTHe AoKyMeHTauuje aeduHmcaH paBraAHUKOM O
CafPKUHW, HAUMHY 1 MOCTYMKY M3PaAe M HauMH BpLUEH:a
KOHTpONEe TexHWYKe [OKYMEHTauMje npema Knacu u
HameHK objekarta [5].

[penycnosu:

+ 32 6Wno Kojy aKTMBHOCT KOja YK/bydyje WHTepBeH-
unje Ha mnoctojehum cTambeHVM 3rpagama y CBOjUHM
BMLIE NIMLA, HEOMXOAHA je oanyka CKynwTnHe 3rpage.
OHa carnacHowRny YnaHoBa CKYMLWTMHE KojuMa Npvnaaa
BMLLE Off MONOBMHE YKYMHE MOBPLUVHE CTaHOBA U APYTIX
nocebHNX [enoBa 3rpafe, JOHOCKU CBe OfNyKe Koje ce
OOHOCE Ha MHBECTULIMOHO OfpXaBarbe 3rpaae [2].

+ [oTpebaH je NOKa3s O MpaBy CBOjMHe WAU OPYrom
npaBy pacnonararkba Koju NOTBPhyje 3aKOHCKM OCHOB 32
cnposoherbe npoueaype. OBa cTaBKa je obasesyjyha u
CNpOBOAM Ce MPEKO KaTacTpa.

o

(2) Legislative basis of the energy retrofit procedure
— What is the legislative basis for the implementa-
tion of the energy retrofit procedure?

Legislative basis:

- Themain legislative basis represents the Law on Plan-
ning and Construction [1] as well as the Law on Mainte-
nance of Residential Buildings [2].

- The procedures related to the determination of the
level of energy efficiency i.e. the way of certifying are
regulated in by-laws: the Rulebook on Energy Efficien-
cy of Buildings [3], the Rulebook on Conditions, Contents
and Way of Issuing Certificates on Energy Characteristics
of Buildings [4], whereas the content of the project docu-
mentation is defined in the Rulebook on Content, Way
and Procedure of Creation and Control of the Techni-
cal Documentation According to the Building Class and
Purpose [5].

Preconditions:

« Any kind of activity which includes interventions on
existing residential buildings which are owned by sever-
al persons requires the decision of the tenants' associa-
tion. The tenants' association makes all decisions about
the investment maintenance of the building by consent
of the association members who own more than a half
of the total surface of apartments and other parts of the
building. [2].

- Itis necessary to have the proof of the property right
or another right of disposal which confirms the legal
foundation for the implementation of the procedure.
This item is binding and it is implemented through the
cadastre.

(3) ObyxBaT eHepreTcKe caHauuje
— Llta nogpa3symeBa nocTynak eHepreTcke caHauuje?

[locTynak eHepreTcke cCaHauuvja 3rpafe nogpasy-
MeBa M3Boherbe rpaheBMHCKMX U OpyrvMx padoBa
Ha noctojehoj 3rpagM, Kao M MOMPaBKY WM 3aMeHy
ypehaja, nocTpojerba, onpeme 1 MHCTanalmja UCTor um
Makber KamauuTeTa, a KojuMma Ce He yTuye Ha CTabwn-
HOCT U CUTYPHOCT ObjeKTa, He Mehbajy KOHCTPYKTUBHM
eNeMEeHTH, He yTnye Ha 6e30eHOCT CyceaHmx objekaTa,
caobpahaja, He yT1Ye Ha 3aWTWTy Off MOXapa W 3aLUTUTY
KMBOTHE CPeanHe, anun KOjMa MOXe [1a Ce Merba CNosb-
HW 13req y3 noTpebHe carnacHoOCTW, y Unby noseharba
eHepreTcke edUKACHOCTY 3rpage.

YHanpehere eHepreTckmnx CBOjCTaBa 3rpase

- T[logpasymeBa yHanpehere Tepmmukor omoTaya
O[HOCHO flena omoTaya 0bjeKTa Koja pa3fBaja rpejaHn
Of, HerpejanHyix (CNosballkMX 1 YHYTPaLLHMX) TPOCTOPA.
- ObyxsaTta 3ameHy dacagHe cTonapuje v bpasa-
puvje Kao 1 VHTePBEHLUMje Ha HETPAHCMAPEHTHIM Aeno-
BMMA TEPMMUKOr omoTaua (hacaje, KpOBOBW, MOJOBH,
KOHCTPYKLMje Ka TaBaHMMa 1 NOAPYMMMA...)

YHanpehere cuctema rpejarba
- [lpomeHe crncTema rpejarba y3 npUmMeHy ebrKacHUjKX
CUCTEMA UCTUX MU Makb X KanaumMTeTa Kao v Kopuiherse
eHepreHaTa ca 60sbVIM EKOMOLWKNM KapaKTepHCTHKaMa.

MNpunnpema Tonne Boge
- [lpomeHa cuctema y3 Kopulwhere edukacHUjux
CMCTEMA UCTUX WAV MakbMX KanmauuTeTa 1 eBeHTyasHoO
MOBe3MBakbE Ca CUCTEMOM rpejarba.
« Wcnutmearbe moryhHoCTV  Kopuwhera conapHe
eHepruje.

Ocgemperbe
+ YHanpehere cncTema ocBeT/berba y3 MpoMeHy Tna
13Bopa ceeTna (crjanuua).
«  Wcnutmearbe moryhHocTv  yBohera  KoHTpone
6opaBka y mpocTopujaMa ¥ ayTomaTcke perynauuje
HVBOa OCBET/berbA.

10 kopaka 10 steps

(3) Coverage of energy retrofit measures
— What does the energy retrofit procedure entail?

The energy retrofit procedure entails construction
and other works on the existing building as well as the
repair or replacement of devices, systems, equipment
and installations of the same or of smaller capacity which
have noimpact upon the stability and safety of the build-
ing, which don't change constructive elements, don't
influence the security of neighbouring buildings and the
traffic, which have no impact upon the fire protection
and the environment, but which can change the outer
appearance with the necessary approvals in order to
improve the energy efficiency of the building.

Improvement of energy characteristics of the building
- Itincludes the improvement of the thermal envelope
i.e. the part of the building envelope which is separating
the heated from the unheated (inner and outer) space.
« It includes the replacement of windows as well as
interventions on opaque parts of the thermal envelope
(facade, roofs, floors, constructions towards attics and
cellar areas...)

Improvement of the heating system
- Change of the heating system with the implemen-
tation of more efficient systems of the same or smaller
capacity as well as the use of fuels with better ecological
characteristics.

Sanitary hot water preparation
- Change of the system with the use of more efficient
systems of the same or smaller capacity and eventually a
connection to the heating system.
- Consideration of the possibilities to use solar energy.

Lighting
- Improvement of the lighting system with the change
of the type of light source (light bulbs).
Consideration of the possibility of introducing the occu-
pancy monitoring and automatic regulation of the light-
ing level.
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(4) Crpateruvja eHepreTcke caHauuje
— Kako 3HaMo Koju je eHepreTcku pa3pes noctojeha
3rpaga 1 Kako ofabripamo mepe yHanpehera?

MNocTojehe cTarbe:
«  3a noctojehe 3rpage Koje HUCY M3rpaheHe y ckna-
oy ca lNpasunHukom o EE 3rpaga, HUTW nmajy eHepreT-
CKM MacoL y Unsby NpoLeHe eHepreckmx nepdomMaHcu
noctojeher CTakba NOTPEOHO je CMPOBECTU eHepreTcKu
npernes v n3paanTvi U3BeLlTaj O eHepreTCcKom nperneay,
Kao v enabopar EE. [4]
«  HeonxopaH je aHraxmaH VIiHxerepa eHepretcke
edyKacHOCTY, Koju MMajy nnueHuy 381 rn3gaty of cTpa-
He VHxerbepcke Komope Cpbuje. Cnincak vHXerepa
[OCTyNaH je Ha cajTy Komope ogHOCHO Ha cajTy LleHTpan-
HOTI PerncTpa eHepreTcKx nacoLa.
+ Wrxerep EE he cnopoBecTu eHepreTcku npernef
3rpage, “3pagutn ofrosapajyhu V3sewrTaj, ogpeanTn
eHepreTcku pa3pen noctojeher crarba M NPesnoRUTH
mepe 3a nobosbliarse EE, y cknagy ca npaswnnma cTpy-
Ke 1 NMPUHLMNMMa pPasBrjeHrM y OKBMPY HaunoHanHe
TUMosorMje CtambeHux 3rpafa OAHOCHO MOHorpaduje
Cauysaj eHeprujy.

Moganutetn yHanpehema:

+ OKBMPHM Npeanor Mepa 3a nobosbliake eHepreTcke
edrKacHOCTM Yy 3rpagn AeduHMULIE Ce Y 3aBUCHOCTU Of
CTatba OMOTaua noctojehe 3rpage OAHOCHO KOMMMEKC-
HOCTW MpUMeHe rpabeBUHCKMX Mepa, CUCTeMa rpejarba,
cucTemMa Mpunpeme CaHWTapHe Tomne Bode, CUCTeMa
OCBET/beHA U AP., @ Ha OCHOBY MPVHLMMNA M3HETKX Y OKBU-
py HaumnoHanHe Tinonornje ctambeHyx 3rpafa OAqHOCHO
Mo NPenopyLN VHXerepa 3a eHepreTcKy edrKacHOCT.

AHanu3a noTeHUMjanHmx Mepa — yu n3oop:
- [lpeanor mepa yHanpehera BpWK Ce Ha OCHOBY
BMLIE MapameTapa (CTarbe enemeHTa TepMUYKOr OMOTa-
ua - notpeba 3a caHauwjom, MOryhu HKBO ylITeAe Ha
onpeheHoj No3numjv, MHBECTULMOHA BPEAHOCT Pafo-
Ba, NoBpahaj nHBecTMLMja) U Mopa buTK ycknaheHa ca

(4) Energy retrofit strategy

— How can we know which is the energy class of the
existing building and how are we selecting improve-
ment measures?

Existing situation:
- For existing buildings which were not built accord-
ing to the Rulebook on Energy Efficiency of Buildings
and which do not have the Energy performance certif-
icate in order to assess the energy performance of the
existing situation it is necessary to perform the energy
audit and to create the energy audit report as well as the
energy efficiency elaborate [4].
-« Itis necessary to hire an Energy Efficiency Engineer,
who has the 381 licence issued by the Chamber of Engi-
neers of Serbia. The list of Energy Efficiency Engineers
is available at the website of the Chamber and at the
website of the Central Registry of Energy Performance
Certificates.
- The Energy Efficiency Engineer will conduct the ener-
gy audit of the building; he will create the appropriate
report, determine the energy class of the existing condi-
tion and propose energy efficiency improvement meas-
ures according to the rules and principles of the National
Typology of Residential Buildings as well as the mono-
graph Conserve Energy.

Improvement modalities:
- Aframework proposal of measures for the improve-
ment of energy efficiency in the building is defined
depending on the condition of the envelope of the exist-
ing building i.e. the complexity of the implementation
of construction measures, heating systems, sanitary hot
water systems, lighting systems, etc. based on principles
from the National Typology of Residential Buildings i.e.
on the recommendation of energy efficiency engineers.

Analysis of potential measures - shortlist
- A proposal of improvement measures is defined
based on several parameters (condition of the thermal
envelope - need for retrofit, the possible level of saving
on a certain position, investment value of works, invest-
ment return) and it needs to be adjusted to the specific

CcneumdUUHIM KapakTepucTMKama 3rpage.

«  Tlpouec Hajuyewhe obyxBaTa AedUHNCaHbE KOHKPET-
HOr makeTa (rpyna mepa) 3a yHanpeherse eHepreTckmx
CBOjCTaBa 3rpaje y Cknafy ca eKOHOMCKMM MoryhHoc-
TVMa a MpemMa Npenopyun MHXerepa 3a eHepreTcky
ed1KaCHOCT.

YHanpeheHo cTarbe:
- HakoH pedwuHMcarba ofroBapajyher naketa mepa
HEOMXOAHO je [OKa3aTh [a Ce HWXOBOM MMMeMeHTa-
Lmjom noBehasa eHepreTckn paspen MYHVMYM 3a jeAaH
paspes, y OfHOCY Ha nocTojehe cTarbe. [4]

(5) EKOHOMCKM acneKTv eHepreTcke caHauuje 3rpaaa
— Koju cy mopanutetn duHaHCMpama eHepreTcke
caHauuje 3rpaga?

EKOHOMCKe KapaKTepUCTVKe eHepreTcke caHalyje

+ VHBecTuuMja y 00nMacTu eHepreTcke caHauuvje ce
MOXEe CMaTpaTh He CamO Kao TPpowWwak Beh kao BuLle-
OMMEH3VOHaNHa KOPUCT Koja AoBOAM A0 yHanpehersa
MaTePUjanHO-TEXHUUYKNX — KAapaKTEPUCTMKA 3rpage W
60sbKX NepdopMaHCL (YCroBa 1 TPOLLKOBA CTaHOBaH-a),
FbeHe EKOHOMCKE BPEAHOCTY Kao 1 MPOAYKeHa XMUBOT-
HOT BeKa.

+ [poueHa obuma MHTEpPBEHLUMje Ce BpWKU MO T3B.
TPOLWKOBHO OMTUMANHOM MPUHUMMY KOjU MPeAcTas/ba
O[HOC NPOLEHE MHBECTULIMOHE BPEAHOCTN MAaHUPAHMX
pajoBa y3 ogpehvsarbe neprofa nospahaja yNnoKeHnx
CpeAcTaBa Npema TPeHYTHUM LieHamMa eHepruje (y3 eBeH-
TyanHy NPOLEHY HEeHOT PacTa).

OrHaHCUpatrbe:

- Ocnatbatbe Ha COMCTBEHe M3BOpe OGMHaHCKparba
- OMPEKTHe MHBEeCTUUMje Of CTpaHe CaMuMxX BMacHMKa
CTaHOoBa.

- KoonepaTtvBHO MpYBATHO MHBECTMpPare — MoxeTe
[OHEeTN OANYKY O AOrpaare (Hag3nhrBarse Mam NpoLwn-
petse) 3rpage, uime he ce, y cknagy ca ypbaHUCTUUKIM
napaMeTprMa, UHBECTUTOPY AO3BONWTI AOTPafrba jedHe
WU BYLE eTaxka, a MHBeCTMTOp he, 3a y3Bpat, butn y
obaBe3v fla yHanpeamn eHepreTcka CBOjCTBa 3rpaje, WTo
ce 6nmxe peduHuLLe MehyCobHM YroBOPOM.

10 kopaka 10 steps

characteristics of the building.

- The process most frequently entails the definition of
a concrete package (group of measures) for the improve-
ment of energy characteristics of the building in line with
the economic possibilities according to the recommen-
dations of the energy efficiency engineer.

Improved condition:
- After defining the appropriate group of measures it
is necessary to prove that with their implementation the
energy class of the building will be increased by at least
one class compared to the current situation. [4]

(5) Economic aspects of energy retrofit measures
— What are the funding models for energy retrofit-
ting of buildings?

Economic characteristics of energy retrofitting

- The investment in the area of energy retrofitting
can be considered not only as expenditure but also as a
multidimensional benefit which will lead to the improve-
ment of material-technical characteristics of the building
and better performances (conditions and costs of living),
to higher economic value and a prolonged lifetime.

- The assessment of the scope of intervention is
conducted upon a so called cost-optimal principle which
represents the relation between the assessment of the
investment value of planned works and the determina-
tion of the period of return of invested means according
to the current energy prices (with an eventual growth
assessment).

Funding:

+  Relying on own funding sources — direct investments
of apartment owners.

- Cooperative private investment — You can make
the decision about additional construction (expansion)
of the building thus allowing the investor to construct
and build one or more additional stories, in line with
the urbanistic design, and the investor will in return be
obliged to improve the energy characteristics of the
building, which would be defined in a contract.

- Resources at the level of the local self-government
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« Pecypcy Ha HMBOY nokanHe camoynpase — [1pose-
puTe Aa MM Balla NOKalHa 3ajefHuua Hyaw CyQuHaHcK-
pakbe Mpojekata eHepreTcke ePUKaCHOCTM MO NPUHLM-
ny,MoNpPaBuMO 3ajeaHo".

« [pxasHn pecypcn v EE doHOOBM 3a O6HOBY (Ha
OCHOBY 3aKOHa O EdukacHom kopuwhery eHepruje.
Ouekyje ce dopmmparse oaroapajyhvx GUHaHCHJCKIX
mMoaena. [6]

- baHKapcke KpeaWTHE NMHMjE PACNONOXKMBE OF CTPA-
He KoMmepLMjanHnx 6aHaka (HaMeHCKI KpeanTu 3a eHep-
reTcky caHauujy 3rpaga).

- ECKO - wewme duHaHcuparsa. [yrotpajHin GuHaH-
CUjCKM  yTWUAj: TpeHyTHO nobosblarbe [6] (3aKoH O
edvkacHoOM Kopuwherby eHepruje unaH 5).

(6) HeonxofHa npojekTHa AOKYMeHTaLMja y NOCTYnKy
eHepreTcKe caHaluje 3rpaja

— Ko u3pahyje npojekTHy JOKYMeHTaLmnjy Heonxoa-
HY 3a NOCTyMNaK eHepreTcke caHauuje?

be3 o63vpa Ha OOyxBaT aKTMBHOCTM HeOMxoAaH
je aHraxmaH npojektaHTa. To MoXe 6UTW MpuBpes-
HO [PYLUTBO, AW LPYrO MPAaBHO NnLEe, OQHOCHO NMpeay-
3€THWK KOjU Cy YMUCaHW Y perncrap npuBpenHnX
cybjekaTta. lNpojeKTaHT BPWW M3pady AOKyMeHTauumje v
CKJ1aay Ca 3aKOHOM M MPOMMCMMA 1 MMEHYje OArOBOPHON
npojeKkTaHTa ca ogrosapajyhom nuuerom [1].

MocTtynak w3page JOKyMmeHTaumje pasnnkyje ce y
3aBMCHOCTM Off HMBOA MAAHWPaHMX PafoBa a Mpema
BaxxeN1M 3aKoHMMa 1 MPoNUCKMa.
- YCnoB npoLeca eHepretcke caHaumje npefcrasba
n3paga enabopata EE noctojeher 1 yHanpeheHor cTarsa,
CTOra opraHv3salyja Mopa aHraxoBaTu (MMaTu 3anochne-
HOT) MHXerbepa ca NuLeHUom 381 (Hxerep EE),
< Y MOCTynKy wu3pafe [LOKyMeHTauuje WHBECTUTOP
MNMEHYje rNaBHOr NPOjeKTaHTa Koju CBOjMM MOTIUCOM U
neyaTom NnyHe nuLeHLe NoTephyje ycarnaleHocT CBUX
nojeivHayHmX AeoBa NpojeKTa.

3a MOCTYNak eHepreTcke CaHauvje Ha HauyvH Kako
je medvHMCaHa 3aKoOHOM 1 MPoMnMcMMa Huje noTpebHa
rpaheBuHCKa [03BONa.
- [lpema OBMM aKTMMa pafjoBM Ce M3BOLE Ha OCHOBY

— Please check whether your local community is offering
co-funding for energy efficiency projects in line with the
principle “Let’s fix it together”.

- State resources and energy efficiency retrofit funds
(based on the Law on Efficient Energy Use. The creation
of appropriate funding models is expected. [6]

- Commercial banks are offering loans (earmarked
loans for energy retrofitting measures).

ESCO - funding schemes. Long-term financial influence:
instantaneous improvement [6] (Law on Efficient Ener-
gy Use, Article 5).

(6) Necessary project documentation for the energy
retrofit of buildings

— Who is in charge of creating the project documen-
tation which is necessary for the energy retrofit?

Regardless of the range of activities it is necessary to
have a designer. That can be a company or another legal
entity i.e. an entrepreneur. They have to be registered as
economic entities. The designer creates the documentation
according to the law and the regulations and he appoints
the head designer with the appropriate license [1].

The procedure of creating the documentation can
vary depending on the level of planned works, according
to the applicable laws and regulations.

« The precondition for the energy retrofit process is
the creation of the Energy Efficiency Elaborate of the
current and improved state, so the organization has to
engage an engineer with the 381 license (or have one
employed),.

+ In the procedure of creating the documentation the
investor appoints the head designer who is confirming
the conformity of all parts of the design with his signa-
ture and the stamp of his license.

For the energy retrofit procedure, as it is defined
in the law and regulations, it is not required to have a
construction permit.
- According to these legal acts the works can be

pejHor mpojekTa y3 HeomnxoAHOCT M3page Enaboparta
eHepreTcke edprKacHOCTH

- PapoBu ce 13Boae Ha OCHOBY pellerba 13 unaHa 145.
3aKOHa O MNaHnpakby U M3rpagrbu, a npema objeanH-eHoj
npoueaypw. [1]

YKONMKO Ce NpUIKOM eHepreTcke caHalumje n3soge
M OpYrM pafoBw (PEKOHCTPYKUWja 1 cn), brhe notped-
HO MpPW6aBUTK rpaheBMHCKY A03BOJY, a 3a TO he BuTK
NoTpebHO MPUOABUTY 1 M3BOPHU (aPXMBCKYM) MpojekaT
no KoMe je 3rpajga rpahexa.
- Y OBOM Chyyajy Ce pafjoBu V3BOAE Ha OCHOBY
KOMIMJIETHE MPOjeKTHE JOKYMeHTauuje 1 npema 3axTesn-
ma Objeavrbere npoueaype OAHOCHO Knacu 3rpage. [5]
. Y ciyyajy [Orpafrbe, pekoHCTpykuuje 1 apanTa-
umje noctojeher objekta Unun y ciydajy npomeHe Hame-
He, TexHVYKa JOKYMeHTaLmja CafpXu 1 apxXmMBCKIM Npoje-
KaT Mnn CHUMaK noctojeher CTarba YKOMMKO apXMBCKM
npojekar He NocCToju.

(7) Opabuvip n3Bohaua pagosa
— Kako ce ogabupa nssohau pagosa?

+  M3Bohau pagoBa Mopa GUTW NPWMBPEAHO APYLITBO
WiV Npefy3eTHVK PerncTpoBaH 3a M3Bohere pago-
Ba KOjU MOpa OfpeauTV OArOBOPHOr (MMLEeHLUMPaHor)
13BOhaya pagoBa kao 0coby Koja pyKOBOAM MPOLECOM
rpahetsa. [1]

« Opabvip n3sohaua pagoBa ce Moxe 06aBUTY ANPEKT-
HOM MOroAbOM UM MPYMEHOM TeHAepcKe mpoleaype.
[penopyuyje ce NpUKyn/bakbe HajMatkbe TP NOHYAE.

- (CBa nuTara Koja Cy Be3aHa 3a MojanuteTe GUHaH-
C1pakba, NOTBPAE, HeoUeKrBaHe yTulaje v ap. ce aedu-
HULWY YroBOPOM. [NoTeHUMjanHK KOHGANKTL ce, Takohe,
npeaevhajy yroBopom Kojum ce aeduHUWY 1 NpaBHa
Tena 3a HUXOBO paspellerse.

- [apaHumja Ha BpeaHOCT pafjoBa Ce Aaje y cKkiady ca
CTaHA3APAHUM MOCTYNUMMa OCUryparba (KomepuujanHe
ocurypaeajyhe komnaHuje).
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performed based on the Preliminary design with the
necessary Energy Efficiency Elaborate

- The works are performed based on the approval
according to the Article 145 of the Law on Planning and
Construction and according to the joint procedure. [1]

If during the energy retrofit also other works are
performed (a reconstruction etc)), it will be necessary to
have a construction permit, for which it is also necessary
to have the original (archive) design, which was used for
the original construction of the building.

« In this case the works are performed based on the
complete project documentation according to the require-
ments of the Joint Procedure i.e. the building class. [5]

- In case of adding storeys and adapting the current
building or in case of changing its purpose, the tech-
nical documentation needs to include also the archive
design or the record of the current condition, if there is
no archive design.

(7) Choosing the general contractor
— How to choose the general contractor?

- The general contractor has to be a company or an
entrepreneur which is registered to conduct works. The
general contractor has to determine the responsible
(licensed) contractor as a person who will be managing
the construction procedure. [1]

- The choice of contractors can be performed by direct
agreement or in a tender procedure. It is recommended
to have at least three offers.

< All issues related to funding models, confirma-
tions, unexpected influences etc. are to be defined in
the contract. Potential conflicts are also foreseen in the
contract which defines also the legal entities for their
solution.

- The warranty for the value of the works is issued
according to the standard insurance procedures (of
commercial insurance companies).



Cauysaj eHeprujy Conserve Energy

(8) Mpahere
— Lta nogpasymeBa noctynak rpaherba y obnactu
eHepreTcke caHauuje?

Y cmncny 3akoHa rpaherbe jecte n3Boherse rpahe-
BUHCKMX U rpaheBMHCKO-3aHATCKMX PafloBa, yrpada
MNHCTanauynja, NoCTpojetba 1 ornpeme;

+  VIHBecTUTOP (CKYNLWTMHA CTaHapa, MPVBATHM MHBECTU-
Top, ECKO komnaHuja...) NOAHOCK NpujaBy pafoBa opra-
Hy Koju je 13830 rpaheBUHCKY L03BOMY (PeLlerbe) HajKac-
HUWje ocam AaHa Npe noyeTka 13sohera pagosa [1]

- (asza rpahetba je ca acnekTa KBanuTeTa WM NpasBuna
CTPYKe OLHOCHO MOLUTOBaHba 3aKOHCKMX HOPMM UCKIbY-
uMBa OfroBOPHOCT V3Bohaua pagosa 1 MMpojeKTaHTa y
CKfafly Ca YroBOPHVIM OApeAHMLama.

3Boherse pafosa:
«  TexHuuka [JOKymeHTauMja 3a mM3BOherbe pafosa je
obage3a [1pojekTaHTa 1 Mopa b1t ycknaheHa ca nogsa-
KOHCKMM aKTVIMa W MPaBUAHMLIMA. [5]
- CTpyyHM Haa3op AePUHMCAH je 3aKOHCKMM akTMa 1
OH MpeAcTaB/ba 06aBe3y VHBECTUTOPA Y CMUCITY OCUry-
pakba KBanuTeTa pPafoBa v NPUMEHe Nponuca, CTaHaap-
[1a N TEXHUYKMX HOpMaTuBa. [1]. VIHBeCTUTOp Ca npaBHUM
NULEM KOje BPLUM CTPYYHM HaA30p MOpa Aa MMa CKIOo-
M/beH YroBop, WTO MOXe 6UTK npeameT nposepe rpahe-
BMHCKOT MHCMEKTOPA Ha TEPEHY.
+  [ocebHa naxrba MOpa Ce MOCBETUTY MPUOABIbakby
TEXHWUYKMX  KapaKTepucTMka (McnpaBa O ycarnalle-
HOCTW) MaTepwjana 1 NPOW3BOAA KAO0 U KOHTPOSIe camor
npoueca rpagree (rpagunuiHa Kibra, KOMUYmHe mate-
pujana, doTorpaduje CTarba rpaguanwTa 1 NojeanHNX
nosviuuja...).
+ (CBe M3MeHe Koje HacTajy y TOKy 13BOheHa 61 Mopa-
ne 6UTU AOKYMEHTOBaHe 1 ofobpeHe of CTpaHe Haa3opa
a YKONMKO OHE 3HayajHO Metbajy OpUrMHANIHO NPOjeKTo-
BaHO CTatbe MOTPebHO je 13paanTn 1 MNpojekat n3Bege-
HOT CTatba.

(8) Construction
— What entails the construction procedure in the
area of energy retrofit?

In the sense of the law, the construction is the
conduction of construction and craftworks, assembly of
installations, facilities and equipment;

- The Investor (tenants’ association, private investor,
energy service companies, etc.) is submitting the entry
of works to the institution which has issued the construc-
tion permit (approval) eight days before the beginning
of the works at the latest [1]

- From the aspect of the quality and the profession-
al regulations i.e. the legal norms the General Contrac-
tor and the Designer are exclusively responsible for the
construction phase, according to the contract.

Conduction of works:
+ The technical documentation for the conduction of
works is the obligation of the Designer and it needs to be
in line with the by-laws and rulebooks. [5]
- Expert monitoring is defined in legal acts and it is
the obligation of the investor in the sense of ensuring
the quality of works and implementation of rules, stand-
ards and technical norms. [1]. The investor has to sign a
contract with the legal entity which is performing expert
monitoring, which can be subject to the control of the
construction inspector in the field.
- Special attention needs to be dedicated to obtain-
ing the technical characteristics (conformity declaration)
of materials and products as well as the control of the
construction process (construction site logbook, quanti-
ties of materials, photographs of construction site condi-
tions and particular elements, etc.)
- All changes which occur during construction phase
have to be documented and approved by the super-
vision authority and if they are changing the original
designed condition significantly it is necessary to create
also the as-built design documentation.

(9) TexHnuKmM Npujem - ynotpebHa fo3BoNa
— Llra je TexHMYKM Npujem 1 Kako ce cnposoan?

MocTynak TexHWYKkor npernefa objekta Kojum ce
yTBphyje nogobHOCT 3a ynoTpeby je obase3aH 3a cBe
objekTe 3a Koje ce u3aaje rpaheBnHCKa fo3sona. Huje
HeomnxofaH 3a 13BOherbe pPafoBa Ha CaHaumju MK aaan-
Tauuju anv je npernopyysoms.

Y 0Boj Gasu ce nspahyje 1 Ceptudukar o eHeprer-
CKMM CBOJCTBMMA 3rpaja (EHeEPreTcKM NacoLl) Koju Mopa
M3pagnT oBnawheHa opraHM3aumja ynucaHa y peruc-
Tap a pa3nuunTa Of OHe Koja je n3paauna Enabopart EE.

- T[locTynak je 3acHOBaH Ha oarosapajyhem mpasuii-
HUKy [7] 1 nocenyje npeaeduHmcaHy Gopmy U Cagpaj,
a MOXe ra M3BOAWTM CaMO KOMMUCWja MW MPUBPEAHO
[PYLWTBO, OAHOCHO APYTO MPABHO NNLIE KOME HBECTUTOP
noBepu BpLUeHe TUX NOCIOBa 1 KOje je yNUCaHo Y Of4ro-
Bapajyhn peructap. To mory 61T n1Ua Koja UCnyrsaBajy
YCII0BE 33 OATOBOPHOI MPOjeKTaHTa OAHOCHO M3BOhaua
pafioBa v Koja He Mory 1T 3anoCeHa y MPaBHOM MLy
Koje je M3paanno NpojeKkTHy AOKYMeHTaLujy.

« Y o0bnactu eHepretcke e®UKACHOCTY TEeXHUYKM
npvjem nogpasymesa EHepreTcku npernes 3rpage Koju
o0yxBaTa BULLIE aKTMBHOCTW: Mpernef objekTa Ha noKa-
LMjW, UICMUTMBAE PACMONOXKIMBE NMPOjEKTHE 1 13BOhHau-
Ke AOKyMeHTaluje, @ HapouuTo y Be3n ca yrpaheHum
npov3BoAMMa W mMatepujanma. HeonxogHo je noce-
[l0BaTV CBe M3jaBe O ycarnalweHocTy, Koje obesbehyje
13Bohay 1nv noamn3ssohauu, Kao 1 NoTNrcaHa BepuduKa-
UMja of CTpaHe Haf30PHOr OpraHa Aa Cy ofrosapajyhu
MaTepwujanv v NPOU3BOAM U yrpaheHu.

- T[lo ¥3BPWEHOM TEXHUYKOM Mpujemy ce npefaje
13BeLTaj Ha OCHOBY KOra ce 13aaje ynotpebHa Ao3sora
a Y3 3axTeB ce JoCTaBba N CepTUPUKaT O eHepreTcknm
CBOJCTBMMa ObjeKTa (eHepreTCcKiM NacoLw).

- (CactaBHM [eo ynoTpebHe [03BOME NpeAcTas/ba
M FapaHTHX POK 3a MojedMHe pafoBe LWTO je yTBpheHo
NOCEOHNM MPOTMCOM.
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(9) Technical acceptance - the use permit
— What is the technical acceptance and how is it
implemented?

The technical audit procedure which determines the
eligibility for use is obligatory for all buildings for which it
is required to have a construction permit. It is not neces-
sary for the performance of works at the reconstruction
or adaptation, but it is recommendable.

In this phase also the Energy performance certificate
of the building is produced. It needs to be created by
an authorized registered organization which is not the
same as the one which has created the Energy Efficiency
Elaborate.

- The procedure is based on the appropriate rulebook
[7] has a predefined form and content and it can be
performed only by the commission or economic entity
i.e.another legal entity that the investor entrusts with the
performance of these tasks and which is entered in the
appropriate registry. That can be persons which are fulfill-
ing the conditions for an authorized designer i.e. contrac-
tor and those persons cannot be employed in the legal
entity which has created the project documentation.

- Inthe area of energy efficiency the technical accept-
ance entails the energy audit of the building which
includes several activities: the audit of the building at
the location, the examination of available project and
construction documentation, especially related to
installed products and materials. It is necessary to have
all conformity declarations provided by the contractor or
sub-contractor as well as the signed verification of the
supervisory authority that appropriate materials or prod-
ucts have been installed.

- Upon the technical acceptance the report is submit-
ted based on which the use permit is issued. Upon
request also the Energy performance certificate of the
Building (Energy Passport) is provided.

- Anintegral part of the use permit is also the warranty
period for certain works, which is confirmed by a special
regulation.
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(10) Bepudukaumja noCTUrHyTOr KBanuTeTa
— Kako mory noTBpauT/ KBanmTeT N3BeeHVX Pago-
Ba OAHOCHO yrpaheHunx matepujana n enemeHata?

OBa rpyna akTMBHOCTM Huje 0baBe3Ha MO 3aKOHY, ann
je NpenopyuwbKlBa, HAPOUNTO, YKONMKO Ce TeXM MOCTU-
3arby BuLLer HYBOa EE.

YobuuajeHo, OHa 0byXBaTa HEKOMMKO WCTPaXKHWIX
METOAa Koje CMpOBOAE NMLEHLMPAHN VHXEHEPU 1IN
TexHMYapw a Hajuelhe cagpxu:

. TepMOBM3MJCKO CHMMarbe  TePMUYKOr  OMOTaua
KOjUM Ce MOXe YTBPAUTU KBalIMTAaTUBHO CTakbe OMOTa-
Ua OAHOCHO KOHTUHYMTET M3ofaumje (MCNuUTMBarba Ce
obaBsbajy npema ofroBapajyhem ctaHgapay, y NoBO/b-
HVMM KIVMATCKMM  YCJIOBMMA: 3MMCKOM Mepuogy npu
TemnepatypHoj pasnuum o MuH 100C, 6e3 nafaBurHa,
jakor BeTpa v AMPEKTHON CYHUYEBOT 3payeHsa)

- OppebuBare Ba3ayLlwHe NponyCT/bMBOCTY 3rpada —
MeTofa npuTUCKa yayBaBarbem (eHr. blower door test)
KOjOM Ce MOXKe YTBPAWTW CTEeMeH 3amTVUBEHOCTH 3rpafe
O[HOCHO OAPEeaMTU MecTa NMpoAdyBaBakba. Hajuewhe ce
KOPWUCTM 33 UCMUTVBArbE KBanWUTeTa yrpagke dacagHe
cTonapuvje 1 6pasapuije. [ocTynak Hyije Be3aH 3a KnmMmMar-
CKe ycroBe.

« Meperba TonnoTHE MPOBOABMBOCTY 31MLOBA KOHTAKT-
HMM MeTOoama KOjoM Ce MOXe, Y CKfafy ca oapeheHnm
yCnoBMMa a npema BakehvMm CTaHAapAvMa, YTBPAWUTK
TOMIOTHa MPOBOA/BMBOCT eleMeHaTa omoTava. [locTy-
nak ce 3aCHMBa Ha MojeAMHaYHUM Meperbima Koja ce
CNPOoBO/Ee TOKOM /2 Yaca a Koja ce Mopajy CpOBOAUTU Y
0froBapajyhm KNMMaTCKUM YCIOBMMA.

HasemeHe W apyre [OMjarHOCTWUKe MeTOoAe Mory
NOTBPAMTM  KBANUTET W3BEAEHMX PaA0oBa OLHOCHO
yrpaheHvx npon3sofa v matepuvjana U naeHTudUKoBa-
TV FPELLKE, 33TO Ce OHe NMPenopyYyjy 3a NpUMeHy y Gasu
1 Mpe 3BaHUYHOT TEXHUYKOT Mpujema, Kako ou ce Heoc-
Taly MOrv 6n1aroBpeMeHo OTKIIOHUTM.
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(10) Verification of the achieved quality
— How can | confirm the quality of implemented
works i.e. installed materials and elements?

This group of activities is not obligatory by law, but
it is recommendable, especially if we want to achieve a
higher energy efficiency level.

[t normally includes a few research methods
performed by licensed engineers or technicians. Most
frequently it includes:

« Thermal imaging of the envelope which makes it
possible to determine the condition of the envelope i.e.
the continuity of insulation (tests are performed accord-
ing to the appropriate standard, in good climate condi-
tions: in the winter period with the difference in temper-
ature of at least 100C, with no precipitation, strong wind
and direct sunlight).

- Thedetermination of the air permeability of buildings
— the blower door test with which it can be determined
how sealed the building is. It is used most frequent-
ly to test the quality of the installation of windows and
metalwork. The procedure is not influenced by climate
conditions.

- Measuring heat conductivity of walls with contact
methods which can be used to determine the heat
conductivity of envelope elements, in line with certain
conditions and according to valid standards. The proce-
dure is based on individual measurements conducted
within 72 hours, which have to be conducted in appro-
priate climate conditions.

Mentioned methods as well as other methods can
confirm the quality of performed works i.e. of installed
products and materials and identify faults, which is why
they are recommended during and before the official
technical acceptance in order to correct all deficiencies
in time.
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PedepeHue:

[1] 3aKoH O MnaHuparby 1 nrpagrby (“Cn. racHuk PC’ 6p. 72/2009, 81/2009 - ncnp., 64/2010 — oanyka YC, 24/2011,121/2012,42/2013 -
oanyka YC, 50/2013 - oanyka YC, 98/2013 - oanyka YC, 132/2014 1 145/2014)

http://www.mgsi.gov.rs/lat/dokumenti/zakon-o-planiranju-i-izgradnji

[2] 3aKoH OApPKaBatby CTambeHwx 3rpaga (“Cn. racHuk PC’, 6p. 44/95, 46/98, 1/2001 - oanyka YCPC, 101/2005 - ap. 3akoH, 27/2011 -

oanyka YC 1 88/2011) http://www.paragraf.rs/propisi_download/zakon_o_odrzavanju_stambenih_zgrada.pdf

[3] IMpaBWHKK O eHepreTckoj edukacHoCTM 3rpaga (“Cn. rmachwk PC', 6p. 61/2011) http://www.mgsi.gov.rs/lat/dokumenti/pravilnik-o-
energetskoj-efikasnosti-zgrada

[4] TPaBWAHIK O YCNOBMMA, CAAPKUHYM 1 HauVHy U3aaBarba CepTUdUKaTa O eHePreTCKMM CBOjCTBMMA 3rpaga (“Cn. rnacHuk PC’ 6p. 69/2012)
http://www.mgsi.gov.rs/lat/dokumenti/pravilnik-o-uslovima-sadrzini-i-nacinu-izdavanja-sertifikata-o-energetskim-svojstvima

[5] TMPaBUAHKK O CaAPKUHY, HAUMHY 1 MOCTYMKY M3paje U HaUMH BPLLEHA KOHTPOME TEXHUUKE AOKYMEHTaLMje Npema KNacu 1 HameHw objekata
("Cnyx6eHu rnacHuk 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 n 145/14),
http://www.mgsi.gov.rs/lat/dokumenti/pravilnik-o-sadrzini-nacinu-i-postupku-izrade-i-nacin-vrsenja-kontrole-tehnicke

[6] 3akoH 0 eduiKacHom kopulhetsy eHepruje (“Cn. rmacHuk PC', 6p. 25/2013)
http//www.mre.gov.rs/doc/efikasnost-izvori/efikasnost/A_01_Zakon_o_efikasnom_koriscenju_energije.pdf

[7] [PaBUHKK O CaAPKIHY 1 HauMHY BPLIEHa TEXHUYKOT Nperneaa 06jeKkTa, cacTaBy KOMUCUWje, CAAPXVHI NPeanora KoM1crje o yTephusarby
noAaobHOCTN objeKkTa 3a ynoTpeby, ocmaTpatby Ta v 0bjeKTa y TOoKy rpahetsa 1 ynotpebe 1 MUHUMaNHWUM rapaHTHYIM POKOBMMA 33 NOjeAnHe

BpcTe objekata ("CnyxbeHun rnacHuk 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, 145/14
br. 27/2015 i 29/2016) http://www.paragrafrs/propisi_download/pravilnik_o_sadrzini_i_nacinu_vrsenja_tehnickog_pregleda_objekta_sastavu_
komisije_sadrzini_predloga_komisije_o_utvrdjivanju_podobnosti_objekta_za_upotrebu_osmatranju_tla_i_objekta.pdf

KopucHu nnHkoBu:

Cnucak vHxerepa eHepreTcke epukacHocTv: Ha cajty uHxerbepcke komope Cpbuje http://www.ingkomora.org.rs/ ogHocHo LieHTpanHor
perncTpa eHepreTckux nacowa http://www.crep.gov.rs/Registarlnzenjera.aspx

Pervictap osnawheHyx opraHu3aLvja 3a n3aasarbe EHepreTckmx nacowwa (Ceptudukata o eHepreTck1M CBOJCTBMMA 3rpaja) Ha CajTy
LleHTpanHor pernctpa eHepreTckmx nacolua, http://www.crep.gov.rs/RegistarKompanija.aspx

3axTeB 3a U3fjaBatbe U3BOAA V3 IMCTa HernoKpeTHOCTU
objalutbetbe NpoLedype 1 NOTPebHIX AoKyMeHaTa
http://www.euprava.gov.rs/eusluge/opis_usluge?generatedServiceld=1196&alphabet=lat

Boany Kpo3 npouenypy Aobujarba 4O3BOSE 3a rpadtby
[leTarbHo objalurberbe Npoueaypa http://www.mgsi.gov.rs/sites/default/files/Vodic-kroz-dozvole-za-izgradnju.pdf

lMpvKa3 objeantbeHe NpoLeaype y NocTynky Aobujarba A03BOME 3a rpajtby:
http://www.mgsi.gov.rs/sites/default/files/Sematski%20prikaz%200bjedinjene%20procedure.pdf

Hajuelwha nuTarsa y Be3u ca npoLiefypama 1 npumeHama 3akoHa o U3rpaftbL, 3a objeKTe 3a Koje ce He v3faaje [o3BoNa:
http://www.mgsi.gov.rs/sites/default/files/ODGOVORI%200BJEKTI%20ZA%20KOJE%20SE%20NE%201ZDAJE%20GRAD%20DOZ pdf
. lpernes pacnonoXmBMx KPEATHUX NIVHMja KOMepLWjanHix 6aHaka: http://www.kombeg.org.rs/Slike/UdrFinansijskeOrganizacije/Krediti/
KreditnaPodrska/EnergetskaEfikasnost/IZVORI%20FINANSIRANJA%20EE%20-%202014.pdf

126

10 kopaka 10 steps

References:

[1] Law on planning and construction (“Cn. rnacHuk PC', 6p. 72/2009, 81/2009 - ucnp., 64/2010 — oanyka YC, 24/2011, 121/2012, 42/2013 -
onnyka YC, 50/2013 - ognyka YC, 98/2013 - ognyka YC, 132/2014 1 145/2014)
http://www.mgsi.gov.rs/lat/dokumenti/zakon-o-planiranju-i-izgradnji

[2] Law on maintenance of residential buildings ("Cn. rnacHuk PC’, 6p. 44/95, 46/98, 1/2001 - ognyka YCPC, 101/2005 - fip. 3akoH, 27/2011 -
oanyka YC v 88/2011) http://www.paragraf.rs/propisi_download/zakon_o_odrzavanju_stambenih_zgrada.pdf

[3] Rulebook on energy efficiency of buildings (“Cn. racHwk PC', 6p. 61/2011) http://www.mgsi.gov.rs/lat/dokumenti/pravilnik-o-energetskoj-
efikasnosti-zgrada

[4] Rulebook on conditions, content and way of issuing certificates on energy characteristics of buildings (“Cn. rnacHvik PC’ 6p. 69/2012) http://
www.mgsi.gov.rs/lat/dokumenti/pravilnik-o-uslovima-sadrzini-i-nacinu-izdavanja-sertifikata-o-energetskim-svojstvima

[5] Rulebook on the content, way and procedure of creation and control of the technical documentation according to the class and purpose of
the buildings (“Cnyx6eHu rnacHuk 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),
http://www.mgsi.gov.rs/lat/dokumenti/pravilnik-o-sadrzini-nacinu-i-postupku-izrade-i-nacin-vrsenja-kontrole-tehnicke

[6] Law on efficient energy use (“Cn. rnacHuk PC’, 6p. 25/2013)
http://www.mre.gov.rs/doc/efikasnost-izvori/efikasnost/A_01_Zakon_o_efikasnom_koriscenju_energije.pdf

[7] Rulebook on content and way of performing the technical audit of the building, the composition of the commission, the content of the
proposal of the commission on the determination of the eligibility of the building for use, soil and building observation during the construction
and use and minimum warranty periods for individual building types (“Cnyx6eHw rnacHuk PC', 6p. 72/09, 81/09-ucnpaska, 64/10- YC, 24/11,
121/12,42/13-YC, 50/13-YC, 98/13-YC, 132/14, 145/14 br.27/2015 i 29/2016)
http://www.paragraf.rs/propisi_download/pravilnik_o_sadrzini_i_nacinu_vrsenja_tehnickog_pregleda_objekta_sastavu_komisije_sadrzini_
predloga_komisije_o_utvrdjivanju_podobnosti_objekta_za_upotrebu_osmatranju_tla_i_objekta.pdf

Useful links:

List of energy efficiency engineers: at the website of the Chamber of Engineers of the Republic of Serbia http://www.ingkomora.org.rs/ i.e.
the Central Registry of Energy Certificates http://www.crep.gov.rs/Registarinzenjera.aspx

Registry of organizations authorized to issue energy certificates (certificates on energy characteristics of buildings) at the website of the
Central Registry of Energy Certificates, http://www.crep.gov.rs/RegistarKompanija.aspx

Request for the issuance of the excerpt from the property register, explanation of procedures and necessary documents http://www.
euprava.gov.rs/eusluge/opis_usluge?generatedServiceld=1196&alphabet=lat

Guide through the procedure of obtaining the construction permit
Detailed explanation of procedures http://www.mgsi.gov.rs/sites/default/files/Vodic-kroz-dozvole-za-izgradnju.pdf

Presentation of the procedure of obtaining the construction permit: http://www.mgsi.gov.rs/sites/default/files/Sematski%20prikaz%20
objedinjene%20procedure.pdf

The most frequently asked questions with the procedures and implementations of the construction law for buildings which do not require
a permit: http://www.mgsi.gov.rs/sites/default/files/ODGOVORI%200BJEKTI%20ZA%20KOJE%20SE%20NE%201ZDAJE%20GRAD%20DOZ pdf

Overview of available credit lines of commercial banks: http://www.kombeg.org.rs/Slike/UdrFinansijskeOrganizacije/Krediti/
KreditnaPodrska/EnergetskaEfikasnost/1ZVORI%20FINANSIRANJA%20EE%20-%202014.pdf
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