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PaXX1Batb ambeHor goHaa Cpbuje ca acneKkra HeroBux eHepre apakTep a e[l
aKo 6 OBahba A aca nopoo a Cpbuje n A aca suwenopoo pada Cpbuje. ['pyna
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M3Bop u3 peueHsuja

Mocne Amnaca nopoduyHoe cmaHosarea (2012) v Amnaca
8UWENOPOOUYHUX 32pada (2013) rpyna BpeaHWX ayTopa-Ha-
CTaBHWKa Ca ApXUTEKTOHCKOT GakynTeTa y beorpagy, noHyauna
Ham je 1 Tunosoaujy cmambeHux 3epada Cpbuje kao Tpehu aeo -
CyMy er3ucTeHLmjanHo y30yarbMBOr CBEAOUAHCTBA O eHepreT-
CKM (He)eduKacHMM rpaheBrHama y Kojuma UBKMO.

3aBpluaBajyiun TEKCT pelieH3nje NPeTXOAHOr 13aatba, YCy-
QMO CaM ce fa NPOoUEeHUM: 3a ouekusamu je U 3a noxesnemu, 0a
ce 08aj 3a cada 08080/lYMEHCKU Npojekam HAcmasu U jedHo?
0aHa esonyupa y KOMNIEMAaH 8ULIEMOMHU U My Imuoucyuniu-
HapHo obpaheH Atnac rpahesunHckor doHaa Cpbuje. Caaa, no-
cne yBuaa y OHO WTO AOHOCK Tunonoaujd, C1rypaH cam fa cMo
CBefloUV NMoYyeTKa OCTBapMBakba YNpaBo TaKBOT jeAHOr Npoje-
KTa. V1 onet hy 6utn cnobofaH fia TBPAMM Kako he Ha Herosom
OCTBapEHyY, MOHYKAHE XXMBOTHOM NOTPEOOM, BUTU aHraxkoBaHe
Haj3ayajHMje MHCTUTYLMjE Y KOJUMa CY OKYM/bEHW OHW KOj MU=
cne [obpo 0BOj 3emrbK, o AKagemnja 1 Komopa, npeko obpa-
30BHMX YCTaHOBa Ha CBMM HMBOWMa, A0 Mpow3sohada mate-
pvijana v 13Bohaua rpaheBMHCKIX pafjoBa.

Mpod. NparaH Krekosumh, apxmntekTa

Tunosnoeuja cmambeHux 32pada Cpbuje npeacTasiba Tpehy
KHbUry Yy OKBUPY UCTPaXKMBakba KOje je MMano 3a Lnb aHanmsy
0COBEHOCTY, KNacuduKaLwjy, MOMNC, 1 Ha Taj HauWH CTBaparbe
nHGOpMaTVBHe 6a3e, jeAMHCTBEHE KOA HaC, Ca MPenopyKama 3a
6ynyhe nHTepBeHUKWje. MeTofonoruja je y 0Boj CTyauju ycarna-
WweHa ca MehyHapogHum npojektom  TABYJIA - Tunosoeuja
2pahesuHcKoz (hoHOA 3a NPOUeHY eHepemcke epUKacHoOCMu Ha
KOMe paau ueTpHaecT 3emarba W Cpbuja Kao MneTHaecTy,
NPUAPYXKEHV YUeCHWK. YcknaheHoCT ca AapyrvM YnaHvuama
MpojeKTa faje OBOM WCTPaxKMBarby MOrynHOCT KOoMNapaTieHe
aHanu3e pesynTata W nakWy MNpUMEHY WCTUX WK CIIMYHKX
UCKyCTaBa y nobosbliarby eHepreTcke eprkacHOCTU Hacnehe-
HOr rpabeBMHCKOr GoHAa. Kao pesynTatmTi UCTpakMBarba
HapounTO Cy OUTHM Npeano3n Moryhnx yHanpeherba, Koju cy
[laTV 3a CBe TUMOJIOLLIKE ClydajeBe, Kao NyTokasn 3a byayhe
NHTepBeLuje.

OBa KrbMra je 3HauajHa jep 3a0Kpy»Kyje npeameT NCTpaxu-
Bakba, a TO Cy CTambeHe 3rpafe, Koje unHe BehurHy rpaheBuH-
ckor dpoHaa Cpbuje 1 cammm TUM Aajy Hajsehe moryhHocTH 3a
yHanpeherbe eHepreTcke edUKACHOCTM W 3HAYajHe ywTefe
eHeprujey Cpouju.

[p Mrop Mapuh, ana

Excerpt from Reviews

Following Atlas of family housing in Serbia (2012) and Atlas of
multi-family housing in Serbia (2013), the third book in the series,
Typology of Residential Buildings in Serbia, has been presented
by a group of industrious authors from Belgrade Faculty of
Architecture as a summation of an existentially stimulating
testimony on the energy (in)efficient buildings we occupy.

In my final words for the review of the previous publication,
I ventured to predict that, It is to be expected and desired that this
already two-volume project should continue and evolve into a
comprehensive, multi-volume and multi-disciplinary Atlas of the
Building Stock of Serbia. Now, after an insight into the content
of Typology, | am certain that we are witnessing the initial stage
of accomplishing such an endeavor. Again, I will dare to claim
that the support for this accomplishment, arising out of neces-
sities of life, will come from the most prominent institutions
gathering those who mean well to this country, from Acade-
mies and Chambers, to educational institutions of all levels, to
material manufacturers and building contractors.

Prof. Dragan Zivkovi¢, Architect

Typology of Residential Buildings in Serbia is the third book in
the series of research endeavors aiming to analyze the charac-
teristics of the housing stock, classify it, make its inventory, and
finally create a unique database with recommendations for
future refurbishment. The methodology in this study is compli-
ant with the IEE Project TABULA - Typology Approach of Building
Stock for Energy Efficiency Assessment — undertaken by fourteen
countries with Serbia as the fifteenth, associate participant.
Harmonization with the other members of this project
provides the opportunity for this research to compare the
results and make use of similar experiences in improving
energy efficiency of the existing building stock. Research
highlights are certainly contained in the suggestions for
possible improvements given for all building types as a guide
for future refurbishment.

This book is significant because it completes the circle of
the research into residential buildings, which account for the
most part of the Serbian building stock and as such show great
potential for increasing energy efficiency and significant
energy savings in the country.

Igor Mari¢, PhD (Arch.)
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HaumnoHanHa Tunonorwja ctambenyix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

YBoa

HaumoHanHa TMnonorvja ctamberunx 3rpaga Cpbuje
je pe3ynTaT TPOroAuLLrber NCTPaxKBarba rpyne HacTas-
HUKa W capagHMka ca ApXWUTEKTOHCKOr dakynTteTa
nocseheror dopmuparsy, MO NPBK NyT Y HalOj UCTO-
pujK, cBeObYXBaTHE KnacudurKaLmje 3rpafia NopognMyYHOr
M BMLLENOPOANYHOr CTaHOBarba. TMMONOrKja je 3acHo-
BaHa Ha nonasuwTtma fedUHUCaHUM Y TOKY MPeTxXof-
HUX UCTpaXKMBatkba MCTe rpyne ayTopa' Kao 1 Ha MeTo-
JOMI0TNjW YCBOjeHOj y OKBUPY npojekTa TABYJIA? Koju
je, ca vaejom CTBaparba jefjHO3HauyHe CTPYKTyMpaHe
TMnonornje crambeHux 3rpaga, OKynuo BenvKkW 6poj
3emasba EBponcke yHuje. YCBOjeHM MpUCTyn je npeno-
pyyeH, Kao jefHa oA [Be 3BaHWYHE MeTOAONOorvje 3a

" Munuua Josaroswh Monosuh v ap., EHepeemcka onmumu3a-
yuja 32pada y KoHmexcmy oopxuse apxumekmype -0eo 1: AHa-
J1u3a cmpykmype epahesuHckoe goHda, yp. Munmua JosaHosuh
Monoswh (beorpaf: APXUTEKTOHCKM daKynTeT YHVBEP3UTETa Y
beorpagy, 2003).

2 www.building-typology.eu

Introduction

National typology of residential buildings in Serbia is
the result of the three-year research by a group of profes-
sors and associates of Faculty of Architecture, dedicated
to the creation of an unprecedented, comprehensive
classification of single- and multi-family residential build-
ings. The typology was based on the premises defined in
the previous research projects conducted by the same
group of authors," as well as on the methodology adopt-
ed in the IEE Project TABULA? the idea of which to create
a uniformly structured typology of residential build-
ings had gathered support in a large number of coun-
tries in the European Union. The adopted method was
recommended as one of the two officially accepted

" Mununua JosaHoswh lNonoswh 1 ap., EHepeemcka onmumu3sa-
yuja 32pada y KoHmexcmy oopxuge apxumekmype -0eo 1: AHa-
J1u3a cmpykmype epahesuHckoe goHda, yp. Munuua JosaHosuh
Monosuh (beorpag: ApxuTeKToHCKM dakynTeT YHUBep3uTeTa v
beorpagy, 2003).

2 www.building-typology.eu



OLeHY eHepreTCKMX KapakTepuCTMKa 3rpaja, 3BaHUYHUM
CaonwTerseM EBporncke komucnje.? Pan Ha dopmurparsy
TNonoruje ctambeHunx 3rpafla Kofj Hac CNPOBEAEH je y3
noapwky M3-a (Deutsche Gesellschaft fur Internationale
Zusammenarbeit (GIZ) GmbH) 6e3 Koje He 6u 6uno
Moryhe CnpoBecTU 13y3eTHO OOWMMHO UCTPXKKMBarbe Ha
TepeHy.

Kako ce 3BaHWYHa CTAaTUCTMKA, TOKOM PEeAoBHMX
nonuvca, He 6aBW KapakTepucTKaMa 3rpafia Ha OCHO-
BY KOjVIX C& MOXe OLEHUTU HIXOB KBANUTET MO MUTakby
eHepreTcKMX KapakTepucT1ka, cnposefeHa cy obuMHa
NCTPaXMBarba Ha TepeHy. Tokom 2011. rognHe nonunca-
HO je oko 6000 3rpaga NOPOAVYHOT CTaHOBaHA, @ TOKOM
2012. oko 13000 3rpaga KONeKTUBHOr CTaHOBarba, WTO
UMHK HajBehe UCTpaXnBatbe eHepreTCKUX KapakTepmc-
TWKa 3rpafia, CNpPoBeaeHO MKkaa KOA Hac. HaumnH Ha Koju
je nedvHucaHa mMeToponorvja ¥ M3BPLWEHO TepPeHCKo
NCTPaKMBarba Kpo3 06a OBa MONMCa, AeTasbHO je NpuKa-
3aHO Yy MoHorpadujama objasrberum 20124 n 20132
roaviHe.

3a notpebe dopmuparba drHanHe TMNonoruje 3rpa-
[la ¥3BpLIEHO je objeanbaBarbe paHuje [obmjeHVX Noaa-
Taka 1 HbMXOBa flafba 0bpasa - No NPUHLMMMMA Koju CY
M3HETW Y OBMM MOHOTpadujama.

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

4 Munuua Josarosuh lMonosuh v ap., Amaac nopoduyHux kyha
Cpbuje/ Atlas of Family Housing in Serbia, yp. Munwvua JosaHosuh
Monoswh 1 LywaH VirteatoBuh (Beorpan: ApXUTEKTOHCKM da-
KynTeT YHusep3uteTa y beorpaay; GIZ — Deutsche Gesellschaft
fUr Internationale Zusammenarbeit, 2012).

> Munuua Josanosuh lNonosuh v ap., Amniac suwenopoouyHuUx
kyha Cpbuje / Atlas of Multifamily Housing in Serbia, yp. Munu-
ua JosaHosuh Monoswh v [ywaH WrrbatoBuh (beorpan: Apxu-
TEKTOHCKM dakynTeT YHusep3wuteTa y beorpapy; GIZ — Deutsche
Gesellschaft fir Internationale Zusammenarbeit, 2013).
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methodology approaches for assessing the energy
performance of buildings in the Directive of the Europe-
an Commission.? The work on creating the typology of
residential buildings in Serbia was carried out with the
support of GIZ (Deutsche Gesellschaft fur Internationale
Zusammenarbeit (GIZ) GmbH), without which the exten-
sive field survey would have been impossible.

Since the official statistics, as a part of the regu-
lar census procedure, does not involve such features of
buildings which can help evaluate their quality in terms
of energy performance, extensive field research had to
be conducted. In 2011, approximately 6,000 family hous-
es were surveyed, followed by a census of about 13,000
multi-family buildings in 2012. So far, this has been the
largest study of energy performance of buildings ever
conducted in our country. The procedure of defining the
methodology and carrying out the field research in both
censuses was described in detail in the monographs
published in 20124 and 2013°

For the purpose of forming the final typology of
buildings, the previously obtained data were consolidat-
ed and processed according to the principles contained
in the monographs.

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

4 Munwuua Josarosuh lMonoswh v ap., Amnac nopoduyHux kyha
Cpbuje/ Atlas of Family Housing in Serbia, yp. Muniua JosaHosuh
Monosuh 1 [ywax Vrisatosrh (beorpan: ApxMTeKTOHCKM da-
KynTeT YHusep3uteTa y beorpaay; GIZ — Deutsche Gesellschaft
fur Internationale Zusammenarbeit, 2012).

> Munuua JoaHoswh Monosuh 1 ap., Amiac 8uwenopoouyHux
kyha Cp6uje / Atlas of Multifamily Housing in Serbia, yp. Munu-
ua JoeaHosuh Monosuh 1 [ywaHr Virrbatosuh (beorpaa: Apxu-
TEKTOHCKM dakynTeT YHuBep3uTeTa y beorpaay; GIZ — Deutsche
Gesellschaft fur Internationale Zusammenarbeit, 2013).



HaumnoHanHa Tunonorwja ctambenyix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

TABYNA

TABYNTA npojekaT 3a UWb MMa AeduHUCare 3ajef-
HUYKMX NPUHLMNE 33 dOpMUpPatbe HaLMOHANHMX TUMO-
norvja cTambeHnx 3rpafia M TO Kao npumapHor Goky-
Ca NCTpaxmearba. [pojekart, Npy TOMe, HUje HK Ha Koju
HaYMH YCIOBMO M HaUMH UCTPaXKMBarkba 1 NPUKYM/bakba
nofaTaka Ha OCHOBY Kojux 61 ce dopmmpane HalmoHan-
He Tunosnoruje.

Cnuka 1. — OcHoHM npuHumnnuv TABYJIA npojekTa

1919 -
1948

1949 -
1957

Building Age Classes

1958 -
1968

CBaka HalMoHanHa Tunosornja obyxsaTta ceT 3rpa-
Jla Koje cy ofabpaHe Ha OCHOBY CBOjUX KapaKTepucTu-
Ka. OHe cy HajnpubavKHMje NPOCeYHMM BPeaHOCTMMA
J06WjeHUM KpO3 pa3nuumMTa UCTPaXkMBarba Ha HalWo-
HanHOM HVBOY. Y CTBapn, Moxe ce pehu aa cy oaabpaHe
3rpafie,CTBApHW penpe3eHT MOAeNCKMxX objekaTa’.

Kao OCHOBHM 3ajefHNuKN MPUHLMAK TUNoSoTnje
YCBOJeHM Cy:
1. nepunoav3aumja 3rpaga, ca JO3BO/LEHNUM OACTYNaHM-
Ma npema HaLMoHaNHUM cneumduyHoOCTMA W
2. Knacudukalmja 3rpaga y YeTmpy OCHOBHa TUMa:

The IEE Project TABULA

The TABULA is a project aimed at defining common
principles for the creation of national typologies of resi-
dential buildings as the primary focus of research. At the
same time, the project never conditioned the methods
of research or data collection upon which a national
typology should be formed.

Figure 1. - Basic principles of the TABULA project

MpeacTaBHWK TUNa:
npumeHa y 0611acTn eHepreTcKor
KOHCanTuHra —- - -

Example Buildings: Fle— :._:___-
Applications in the field | -~ i e

of energy advice
M 4T
=
oy
WA
1 |

Each national typology includes a set of buildings
that were selected for their characteristics. These are
approximate average values obtained in various studies
at the national level. In fact, the selected buildings can be
said to be the “real representatives of model buildings”.

The adopted basic common principles of the typolo-
gy are as follows:

1. period of construction, tolerating variations due to
national particularities; and
2. classification into four basic types:

CeT penpe3eHTaTVBHUX 3rpaja (eHepreTcke |
KapaKTepuCTUKe 1 3aCTyN/beHOCT):

- MOZen 3a NpoLeHy LenoKymnHor
rpaheBMHCKOr GOHAA / yTHLaja MPUMEHbEHUX
mepa

- CUMynaumje pasnnunTyx cTpaterija
yHanpeherba

Set of Representative Buildings (energy
performance and frequencies):

- model for imaging whole building stock /
impact measures

- simulation of different modernisation
strategies



NOPOAMYHO CTaHOoBake - cnoboaHocTojehe Kyhe,
NOPOAMYHO CTaHOBak€ - Kyhe y HU3Y,
BMLUEMOPOANYHO CTaHOBAHbE - Matb 00jeKTH 1
BMLLEMOPOANYHO CTaHOBaHE - ONOKOBM CTaHOBA
(3rpage Benvike NOBPLIVIHE)

NowToBaHa cy, Takohe, ¥ HalMoHanHa OACTyMakba,
na ce, Ha NPUMepP Y Hemaukoj TMMOMOruju, jaBibajy Kao
M3ABOjEHM TMMOBW, CTaMbEeH 0BjeKTI KapaKTePUCTUUYHM
3a Bpeme 1 1n3rpaamry v VctouHoj Hemaukoj (Tabena 1.).

Tabena 1. — HauvoHanHa tunonoruja Hemayke

Construction [ Additional
Year Class Classification

\.ﬁmny nnmn House

[ men | as |
Hnlﬂ{-nllv Apartment Block

National
michtegond . 1850 Pl
speifiziert) L
National
htigkoal 1503008 o
spezifiziert) i
National Genesk
michtegond 1919 .. 1948 _
spezifizirt) Basis-Typ)
National

(N kitegond 1049 0057 et i
speifiziert) pesieTrp
National
ihtrgkoal 195 306 gk
spezifiziet) Lol
Hational

(N (sichtregonal 1969 ...1978 r.ka ;
specifiziert) Banis Ty
National
(nkhtregknal 1979 ... 1983 G‘"""T 5
spezifiziert) Banis Ty

CEMNSFHO? Gen DEN.TH.O7 Gen
National
(nkhtreghnd 1984 .. 1004 z::kr .
spezifizieit) bt
Hational
(nkhtreghnal 1995 ... 2001 G""'"T 3
speiiziert) L
Nationsal
Generk

(nichtregind 2002 ...

I speifiziert) BastsTrp)
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single-family housing — freestanding houses;
single-family housing — terraced houses;

multi-family housing -

low-rise buildings; and

multi-family housing — apartment blocks
(buildings of large area).

There are also variations within a national typolo-
gy, e.g. in German classification there are separate types
characteristic of the time and construction methods in
East Germany (Table 1).

Table 1. - German Residential Building Typology

=

Hational
(nicht reghnal
spedifiziert)

Hational
(nicht reqional
speiiiziet)

Hational
(nichit segianal
spezifizirt)

Eastem Garmany
former GOR

e
Bundestander)

Eastern Germany
former GOR

(mveue
Bundestinder)

Eastem Germony
| former GDR
(e
Bundestinder)

Eastem Germany
| former GUR

Bundestander)

Eastem Germany
former GDR
[
Bundeskinder)

Eastern Germany
former GOR
(e
Bundestinder)

Easten Germany
former GOR

e
Bundeskinder

1960 ...

1999 ..

1058

1979 ...

1979

1978

1068

1968

1983

1904

1978

1983
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Kao ocHosHK pe3yntatv TABYJTA npojekTta aeduHum-
CaHu cy:

1. dopmmparbe CTPYKTYpe, TMNONorvje 3rpaja, passuje-
He Mo YCBOjeHUM MpuHUMNMMA, Y3 ycknhueakbe ca
HauWoHanHMM cneyndryHocTMa 1 ca AeduHnCcaHUM
noctojehrm cucTeMmnma rpejamsa,

2. 3a CBaKM yCBOjeHW TUM 3rpaje:

- nedvHUCaHM TUMWYHK eNneMeHTV TEPMUYKOT OMOTa-
ya ca M3padyHaTuM KoeduumjeHTMa nposnasa TonnoTe
(U BpeaHocT)

- pedvHuMcaHe KapaKTepucTuKe cucTema rpejarba M
npunpeme Tonne Bofe

- y4YecCTasloCT MnojaBe TWMa y YKYMHOM HaUMOHANMHOM
boHay cTambeHux 3rpafa

- yTBpheHe moryhHOCTM yHanpehera - ca Uubem
CMatberba MOTPOLLFE eHeprije Ha [1Ba HMBOa: CTaHAAPA-
HW H1BO 1 yHanpeheHn HXBO.

3. M3papa HaumoHanHux 6poLlypa TUMMYHKX 3rpaaa.

Kao pesynTat npojekTa, mefaHo 4yropoYHo, MOry
Ce oueKkMBaTM pa3BOj CTpaTervja 3a ywTeay eHepruje
y AOMeHy CTaMOeHMX 3rpaja, Kao U CMarerbe emncu-
je CO,. Nctospemero, moryhe je carneaatn noTpeby 3a
NPoW3BOAHOM rpaheBUHCKIMX MaTepujana 1 enemeHara
noTpebHKX y NPOoLEeCY eHepreTcke caHaumje ctambeHor
doHaa.

CneumnounuHoctn Cpbuje

Y cKnagy ca yCBOjeHUM MPUHUMMMMA MPOKIaMOBa-
HUM y okeupy TABYJIA npojekTa, pagHu TUM je aHanusm-
pao cneundrUHOCTY Pa3Boja 1 KapakTepucTKa CTambe-
Hor doHaa y Cpbuju. Buie o oBuM cneumndryHoCTMMA
[aTo je y MoHorpadujama Koje ce 6aBe MOPOANUHMIM,
O[JHOCHO KONEKTUBHMM CTaHOBaHeM NOHAOCOD.

Mpn dopmmparsy ynuTHMKa 3a npeu nonuc 2011,
FOAMHE YCMOCTaB/beHa je NepuoaM3aumja 1 OHa je
KopuwheHa TOKOM MCMUTMBaHA KapakTepucTuka Kyha
NOPOAMYHOr CTaHoBamba. OBa nepuoavsauvja je vy
Marboj Mepu MOAMPUKOBaHa 3a WCMUTMBatbe 3rpafa

The key results of the IEE Project TABULA are defined
as follows:

1. Development of the building typology structure
according to the adopted principles with adjustments
for particular national circumstances; definition of the
existing heat supply systems.

2. For each adopted building type the following items
were defined:

- typical elements of the thermal envelope and heat
transfer coefficients (U values);

- characteristics of the heating and domestic hot water
systems;

- frequency of the building type in the total national
housing stock;

- two levels of refurbishment measures for reduced
energy  consumption: standard and advanced
improvements.

3. Elaboration of national building typology brochures.

In the long run, the project may be expected to result
in the development of energy saving strategies for resi-
dential buildings and in reductions in CO2 emissions. At
the same time, it is possible to address the need for the
production of building materials and elements required
for the energy efficient refurbishment of the existing
housing stock.

Circumstances particular to Serbia

Inaccordancewiththeadopted principles proclaimed
in the IEE Project TABULA, the research team analyzed the
particularities in the development and characteristics of
the housing stock in Serbia. More details on this aspect
can be found in the respective monographs on family-
and multi-family housing.

In the creation of the 2011 census questionnaire,
construction periods were classified for the study into the
characteristics of single-family houses. This classification
was slightly modified for the research into multi-fami-
ly housing, with modifications affected by the resulting



KOMeKTMBHOT CTaHOBatba. 3mMeHa je 13BplieHa Ha OCHO-
By f0OWjeHNX nofaTtaka W carnefaBaka 6poja u3rpahe-
HVX objekaTa: Nepwop nocne [lpyror CBeTCKOr paTta of
1946. no 1970. roonHe nofesbeH je Ha ABa Nepuoja, a
nocnefrWx fiBafleceT roanHa objeaneHn Cy y jeaaH
nepwvop, Tako Aa je yCBojeHa neproamn3alyja 3a TMnono-
rvjy cTambeHnx 3rpaga Cpbuje cneneha:

A) npe 1919, b) oa 1919. no 1945, L)) og 1946. no 1960.,
) o 1961. no 1970. E) oa 197100 1980, ®©) oa 198110
1990., 1 T) oa 1991 3aksbyyHo ca 2012. roAVHOM.

3a pasnuky on TABYJIA npojekTa, Koju AeduHumLe
UeTVpM OCHOBHa TWMa 3rpaja, MPBOOWTHO WCTPaKu-
Bakbe je, Y3 Haueno yBakaBHa crnelnduyHoOCTV nojeam-
HVIX 3emarba, PE3YNTUPAN0 WMPOM NOAENOM Of 9 pasnu-
UUTUX TUNOBA: HAVBUAYANHE, Kyhe y HU3Y - CpeanLLtbe,
Kyhe y HK3y - UBMUHe, cnoboaHocTojehe 3rpafe, namene
- cpefyuLUbe, NaMene - UBUYHe, 3rpaje y rpafckom 611okKy
- y3uaaHe, 3rpaje y rpafckom O0Ky - yraoHe, BUCOKe
3rpage — conuTepu.

Tpeba HanomeHy TV [ia je TOKOM pafia, @ HakoH nyonu-
KoBarba MOHOrpaduje y Kojoj je obpaheHo nopoanuHo
CTaHOBatbe, OLUMO A0 U3BECHOT CaxkiMatba bpoja Tno-
Ba NPETNOCTaB/bEHMX Ha NOYETKY NCTpaKMBarba. Hanme,
3ak/byyeHo je fa He Tpeba v3aBajaTv yraoHe objekTe 1
0bjeKTe Koje 3aBpLUaBajy H130Be, C 003MPOM f1a je HXO-
Ba 3aCTyM/beHOCT 6una M3y3eTHO Mana y AobujeHom
Y30PKY, YNPKOC YAHEHNLM [1a Ce OHW, NO NTakby NOTPO-
WHbe eHepruje pasnunkyjy. bpoj Tvnosa 3rpaga je Tako
CBefleH Ha LWeCT KaTeropvja, ABe 3a NOPOANYHO CTaHO-
Barbe U YETMPU KaTeropuje 3a KONeKTUBHO CTaHOBakE:

- MOPOAMYHO CTaHOBakbE:

1. cnobogHocTojeha kyha

2. kyhay H13y
- KOJIEKTMBHO CTaHOBarbe:

3. cnobopHocTojeha 3rpaaa

4.3rpafay Hu3y

5. 3rpaga y HuM3y Tvna namene (NOHaB/ba Ce BuLLe
3rpaga paheHux No MCTOM MpOjeKTy, 3rpaja ca Bule
ynasa..)

6. conutep
CNPaTHOCTK).

(cnoboaHocTojeha  3rpafla  Bennke
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data and considerations on the number of construct-
ed buildings: the period after the Second World War,
between 1946 and 1970, was divided into two periods
while the last twenty years constituted a single period;
the adopted construction period classification for the
Serbian typology of residential buildings is thus:

A until 1919, B 1919-1945, C 1946-1960, D 1961-1970, E
1971-1980, F 1981-1990, and G 1991-2012.

Unlike the TABULA, which defines four basic types
of buildings, the original study followed the principle of
considering the specific circumstances in each individu-
al country. This resulted in the classification by 9 differ-
ent types: freestanding single-family houses; terraced
houses — central position; terraced houses — end posi-
tion; freestanding multi-family houses; lamela apartment
blocks — central position; lamela apartment blocks — end
position; apartment blocks — central position; apartment
blocks — corner position; high-rise towers.

It should be noted that during the work that followed
the publication of the monograph on family housing,
the number of types was reduced to an extent. Namely,
it was concluded that there should not be distinct types
for the cornerand end positions, given that their distribu-
tion was low in the obtained sample and despite the fact
that they were relevant in terms of energy consumption.
Thus the classification was now reduced to six types, two
for family housing and four for multi-family housing:

- Family housing:
1. Freestanding single-family house;
2. Single-family house in a row.

- Multi-family housing:

3. Freestanding residential building;

4. Residential building - lamela (apartment block
with repeated multiple — lamellar — cores and separate
entrances);

5. Residential building in a row;

6. High-rise residential building.
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Ta6ena 2. — HauvoHanHa Tvinonoruja ctambeHyix 3rpaga Cpbuje

Table 2. - Serbian Residential Building Typology

NOPOANYHO CTaHOBake (10 4 CTaHa)

family housing (up to 4 appartments)

BULLEMOPOANYHO CTaHOBAakbe (BYLE Of 4 CTaHa Mo ynasy)
multifamily housing (more than 4 appartments per entrance)

Tun

1

<

cnobogHocTojeha
Freestanding

2

@

Y HU3Y
In a row

3

£

cnobogHocTojeha
Freestanding

4
namena
Lamela

5

%

Y HU3y
Ina row

6

g

conutep
High-rise

<1919.

b
1919-1945

U
1946-1960

A
1961-1970

E
1971-1980

0}
1981-1990

r
1991-2011
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lcToBpemeHo, y LUnby XPMOHM3aUVje UCTPaXKmnBaH-a Moreover, for the purpose of harmonizing the
Ca OCTaIMM yuyeCHUUMMA NPOjeKTa, M3BplieHa je cumn-  research results with other project participants, the typol-
nudvKkaumja TMNNOrKUje n reHo ceohere Ha 4 ocHos-  ogy was further simplified and reduced to the 4 basic
Ha Tvna aeduHucaHa y TABYSTA npojekTy, y3 n3ngajarbe  types defined in the TABULA, with the addition of a sepa-
nocebHe KaTeropuje BMCOKMX CTambeHux objekata —  rate category of high-rise tower blocks (Table 3).
conutepa (Tabena 3.)

Tabena 3. — HaumoHanHa tvnonoruja Cpbuje ycknaheHa ca Table 3. - Serbian Residential Building Typology harmonized
TABYJTA npojektom with the IEE Project TABULA
NopoANYHO CTaHOBaHbe BULLEMOPOANYHO CTaHOBaHe
(no 4 cTaHa) (BMWe oA 4 cTaHa Mo ynasy)
family housing multifamily housing
(Up to 4 appartments) (more than 4 appartments per entrance)
Tun SFH TH MF AB
cnobogHocTojehe nopoanuHe kyhe | ctambere 3rpage CTambeHw 610K0BK
nopoganuHe Kyhe Yy HU3y Multy-Family Houses | Apartment Blocks
Single-Family Houses | Terraced Houses
1 il e =L . : nocebHa
< 1919. . nofaTtHa
Kateropuja:
conutepw
Further
Building
2 Types:
1919-1945 i
Highrise
3 8
1946-1960 1946-1960
4
1961-1970 9
1961-1970
5
1971-1980
10
1971-1980
6
1981-1990
11
1981-1990 ! —
7 -
1991-2011 =
Py
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KnacvdukaumoHe weme, aedUHUCaHE Ha MNOYeTKy
UCTPaxKMBarba, KopuheHe cy 1 Npu Gopmyparby Halu-
OHanHe TMnonorvje. OBum Wwemama obpaheH je dakTop
00nMKa 3rpaje, Kao 1 NpoLeHTyanHo yyelihe 3acTakmbe-
HWX NMOBPLWMHA Y bacaaw 3rpage.

Tabena 4. — KnacudvkaumoHa wema ca objallrerma Tmna oc-
HOBe, 0fiHOCa dacaje v Npo3opa

A -Tun ocHoBe A - type of the ground plan
1 2

3
~ D

2 A

The originally defined classification schemes were
used in forming the national building typology. These
matrices took into account the building shape factor as
well as the percentage of glazed surfaces on the facade
(window-to-wall ratios).

Table 4. — Classification scheme with descriptions of the floor
plan type and window-to-wall ratio of windows

b - Tun dacape v npo3sopa B - type of the window / facade ratio

2 3
] oooo
O <s0% 0000 §sso% |-
oooo N

ooo
ooo

A1, A2 KomnaTHe 3rpage jefHocTaBHe Gopme y OCHOBM Ca OAHOCOM CTpaHa 1:1 - 1:2.

A3

PasybeHe 3rpage cnoxeHe popme y OCHOBY Ca Pa3nMUMTAM OHOCHOM CTPaHa.

b1 3rpage ca mMano oTBopa Ha dacapama. OTBOPU OpraH130BaHN MojenHadHo 3ay3unmajy Marbe of 50% nosplunHe dacase.

b2
B3

3rpage ca focTa ot8opa. OTBOPUM OpraHn30BaHK MojearHauHo 3ay3umajy Bulle of 50% nosplunHe dacase.
3rpage ca gocta oteopa. OTBOPK Ha Gacagama OpraH30BaHN Y Briy NPO30PCKMIX TpaKa v 3ay3viMajy Bule of 50% rospluvHe Gacane.

A1, A2 Compact buildings with simple form layout with sides ratio of 1:1-1:2.

A3 Complex buildings with non-compact layout with diverse ratio of building sides

B1 Buildings with low window to wall ratio. Windows arranged as individual with less than 50% of fagade surface.

B2 Buildings with high window to wall ratio. Windows arranged as individual with more than 50% of facade surface.

B3 Buildings with high window to wall ratio. Windows arranged in the form of horizontal ribbons with more than 50% of fagade surface.

Kako permoHanHa 3acTyrybeHOCT TWNoBa 3rpaja
no reorpadckvm ¥ agMVHUCTPATVBHUM MOAPYYjUMA,
KopuWwheHa y CTpaxmnBarbma MOPOANYHON CTaHOBabA,
Huje Guna npecyaHa KOA WCTPaXwuBarba KOMEKTUBHOM
CTaHOBatba, OHa HMje MpUMerbeHa HU Npu GopMrpakby
bvHanHe TMNonoruje Koja je oae NpyrikasaHa. Ha oBakas
3ak/bydyak yTuLana je Takohe u Mana 3acTymbeHoCT Y
YKYMHOM Y30pKy 3rpafia v3 NpBOr Nepuofa MCTpami-
Batba 3a Koje ce MoXe pehu Aa n3pakaBajy pervoHanHe
KapaKTepucTuke.

Heke ofj 3rpafia, Koje ce jaBrbajy Y TUMOOruju, TOKOM
BpemeHa cy npeTpnene nsmexe. OBe v3meHe Hajuellhe
obyxBaTajy aganTalivjy TaBaHCKOr NpocTopa Yy CTambeHn,
3aTUM VHTepPBeHLje Ha Nohama, Tepacama, Kao 1 pasnu-
unTe BMAOBE Haarpagme (WTo je y npeceuymma obje-
KaTa Ha3HaueHo).° Ha *anoct, oBe WHTepPBEHLMje HUCY

©Milica Jovanovi¢ Popovi¢, Ana Radivojevi¢, Dusan Ignjatovi¢ and
Martin Elezovi¢, " Attic extension and thermal renovation of the
residential building -case study’, Spatium No 13-14 (2006): 41-6.

As regional distribution of building types by
geographic and administrative areas used in the research
of family housing was not crucial for the survey of multi-
family housing, this criterion was not applied in the
formation of the final typology presented here. Its exclu-
sion was also influenced by the low representation of
buildings from the first classification period in the total
sample, which might be said to have significant regional
characteristics.

Some of the buildings from the typology have under-
gone subsequent changes. These often include conver-
sions of the loft into residential units, interventions on
balconies and terraces, and various vertical extensions
(as indicated in the descriptions).® Unfortunately, the
opportunity has not been seized to use such interven-
tions for energy refurbishment of the building, nor has

5 Milica Jovanovi¢ Popovi¢, Ana Radivojevi¢, Dusan Ignjatovic and
Martin Elezovi¢, " Attic extension and thermal renovation of the
residential building -case study’, Spatium No 13-14 (2006): 41-6.



nckopuwwheHe, HATY je To 6una 3akoHCka obaBesa fia ce,
TOM MPWANKOM, W3BPWN W eHepreTcka CaHalumja 3rpa-
ne.” Toeba nnak nctahu, aa cy nojeanHe MHTEPBeHLMje,
Mafa HeHamepHO, MOrfle UMaTi 1 NMo3uT1BaH edekaT Ha
eHepreTcKky edrKaCHOCT 3rpasie Kpo3 NpomMeHy dakTopa
06/1Ka WK, Nak KpO3 CMakberbe rybuTaka Kpo3 TepMmny-
Ke MOCTOBe. HapounTo je M3paxeHO CMarberse TpaH-
CMUCUOHUX NIMHUJCKX TyOUTaKa KOA 3rpafa KO Kojux
je HakHaAHO MocTaB/beHa KOHTakTHa dacaga® (nocTa-
B/barbe Tepmousonalyje npeko noctojehnx dacagHmx
310Ba Ca 3aBPLIHUM CI0jeM Of TaHKOC/IOjHOT ManTepa).

MpennoxeHe Mepe eHepreTcke caHauuje

[pegnoxeHe mepe eHepreTcke caHauwuje, Koje cy
[aTe 3a CBaKy 3rpafy y TMnaorwju, obyxsatajy:
1. rpaheBMHCKe Mepe - KojuMa Ce MHTepBeHuLe Ha
TEPMUUYKOM OMOTauy 3rpaje,
2. Mepe Be3aHe 3a nobosbluarbe crcTemMa rpejarba U
3. Mepe Koje nobosbliaajy CUCTEM Mpunpeme CaHu-
TapHe Tonne Bofe.

1. TpabeBuHCKe mepe

Pa3mvaTpaHe Mepe faTe cy 3a ABa Moryha Hr1soa nobosb-
Wwarba eHepretcke edukacHOCTV 3rpaja M CMarbeha
emmcnje CO, kao:

- CTaHAaphHe mepe, Koje Cy 1 MHadve yobuyajeHe Ha
Hallem TPXKMLTY,

- yHanpeheHe Mepe, Koje 3axTeBajy Behn 0bUM
NHBECTULMja.

Mpn pedrHucary rpaheBMHCKUX Mepa, BOAMIO Ce
padyHa v 0 BaxkeNoj perynaTnem Be3aHoj 3a eHepreTcky
edukacHoCT 3rpaaa.’

7 Milica Jovanovi¢ Popovi¢, Dusan Ignjatovi¢, Natasa Cukovi¢
and Ana Radivojevi¢, “Rehabilitation project of an appartment
building in Belgrade, Serbia’, Spatium No 15-16, (2008): 60-6.

& Aleksandar Rajci¢, “Thermal bridges in buildings as a result of
urban transformation’, Facta Universitatis, Series: Architecture and
Civil Engineering Vol.11, No1, (2013), in press.

° Penybnuka Cpbuja MUHWUCTApPCTBO KMBOTHE CpeaunHe,
pygapcTBa M MNPOCTOPHOr  MnaHmparsa. ,[paBunHUK O
eHepreTckoj  eduKacHoCTM  3rpapa’,  Cayx6eHu  2nacHuK
Penybnuke Cpbuje 6p. 61 (2011).
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it been mandatory.” It should be noted that some inter-
ventions, though unwittingly, may have had a positive
effect on the energy efficiency of the building by modify-
ing the shape factor or by reducing thermal bridge heat
loss. Especially, linear transmission loss has been reduced
in buildings with a subsequently installed contact facade
(insulation installed over the existing facade walls with
final rendering of thin layer mortar).®

Suggested energy improvement measures

The suggested measures for improving energy effi-
ciency were given for each building in the typology and
include:

1. construction interventions on the building thermal
envelope;

2. improvement in the heat supply system; and

3. improvement in the domestic hot water supply
system.

1. Construction measures

There are two levels of potential improvement of energy
efficiency of buildings and reduced CO, emissions:

- standard measures, typical of our market in case of
refurbishment; and

- advanced measures, requiring a large scope of
investment.

When defining construction measures, current regula-
tions related to energy efficiency of buildings were also
taken into account”’

7 Milica Jovanovi¢ Popovi¢, Dusan Ignjatovi¢, Natasa Cukovi¢
and Ana Radivojevic¢, “Rehabilitation project of an appartment
building in Belgrade, Serbia’, Spatium No 15-16, (2008): 60-6.

& Aleksandar Rajci¢, “Thermal bridges in buildings as a result of
urban transformation’, Facta Universitatis, Series: Architecture and
Civil Engineering Vol.11, No1, (2013), in press.

? Penybnuka Cpbuja MUHWUCTAPCTBO XMBOTHe CpefunHe,

pygapcTBa M MNPOCTOPHOr  MnaHMpatsa. ,[1paBuaHUK O
eHepreTckoj  edukacHocTv  3rpaga’  CayxbeHU  1ACHUK
Peny6nuke Cpbuje 6p. 61 (2011).



HaumnoHanHa Tunonorwja ctambenyix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

Lnb npBor HuBoa yHanpebhetba aeduHucaH je y
CKNagy Ca MOMEHYTOM perynaTvBOM, Kao Mobosbliake
EHEepreTckor paspefa 3a MUHUMYM jeflaH eHepreTcku
H1BO. Tako je, 3a NPBU HMBO yHanpehetba, NpeasuheHa:
- 3aMeHa Npo30pa HOBUM, YMje KapaKTePUCTUKE OAro-
Bapajy Baxkehem paBunHuKy nunm cy bnmcke gaTum Bpes-
HOCTVMa. Yrpafrba [PBEHMX MPO30pa, YIPKOC NOWUjMM
KapakTepucT1Kama, npefsrhaHa je paan ouysatba Br3y-
eHOT MAEHTUTETa 3rpaja.

- lNoborblarbe TEPMUYKMX KapaKTepUCTUKa 3140Ba 1
TaBaHMUa ypaheHn cy AofaBarbem CnojeBa TEPMOW30-
naunje, Hajyewhe 10cm, Tamo rae je To 6KUNoO JOCTYMHO.
31A0BYM Cy Tako Hajuelwhe peLiaBaH y CUCTEMY KOHTaKT-
HUX dacana, byayhu fa je oBaj MeTof eHepreTcke CaHa-
Uuje 3rpaga, kKao HajeKOHOMUYHMIW 1 HajMarbe TEXHNYKIN
3axTeBaH, HajNPVCYTHU}W KOL, HaC Y CBaKOLHEBHO] Npak-
cwv. V3y3eTak npefcrasrbajy 3rpage Kof Kojux je 3aBpLu-
Ha obnora oneka. Y Tom cnydajy Moryhe je KopucTutu
cneumjanHe cucteme Koju Beh NocToje Ha TPXULITY 1
Kof KOjWX je kepammuka obnora, y B1AY 3aBpLUHOT C/1oja
dacape, HTerpurcaHa ca Tepmonsonaumnjom dyayhu fa je
HakHafHO obnararbe onekom Hajuellhe TeXHNYKM Beoma
TELLKO V3BOLSBUBO.

- TaBaHuLe, XOpU30OHTaHe 1 Koce, Takohe Cy 13onoBa-
He AO4ATHVM CNojeBMMa TeEPMOM30aLmje, NoCTaBbaHNM
HaKHaJHO WAV MHTErpUcaHuUM y nocTojeny CTpYKTypy.

Opyrim, yHanpeheHnm HWBOOM eHepreTcke CaHa-
umje, npeasuheHe cy Mepe Kojuma ce MakCUMManHo, Y
cKnafly ca cneumdeuUHOCTMa ObjeKTa Koju ce CaHvpa,
NOAMXKE HEeroBa eHepreTcKa knaca. MakcumanHu gomeTt
CaHalje yCnoB/beH je KapakTepucTuKama 3rpafe, Kao
WTo cy: daKTop 0b6ANKa, NPOLEHTYaNHO ydelwhe Npo3o-
pay dacaam, oaHoc npema cyceny... Ose Mepe 0byxsaTajy
HajKBanMTETHMje NPo30ope (Koju ce Mory HahK Ha Hallem
TPXULWTY) 1 aebene cnojese Tepmowrsonaumja y Tepmmy-
KOM OMOTauy (Koju ce Kof Hac 10 cafa H1Cy yobuyajeHo
KopUCTUN).

[larbe nobosbliarbe eHepreTckor paspeaa  3rpa-
Jie, Y OHOCY Ha [pYyru HWBO yHanpeherba, Moryhe je
NocTVAK camo Yy NOjeAVHKIM CITy4ajeBMMA - 1 TO 13Y3eTHO
KOMMAEKCHUM KOHCTPYKLIMjaMa, Kao 1 eneMeHTMa Koje
Huje Moryhe KynuTi Ha Hallem TPXULLITY.

The aim of the first level of improvement was defined
in accordance with the current regulations as improv-
ing building energy performance for at least one ener-
gy efficiency class. Thus, the first level of improvement
includes:

- Replacement of the existing windows with new
packages, the characteristics of which comply with the
current Regulations or are close to the given values.
Despite their poorer performance, installation of wood-
en windows was suggested in order to preserve the visu-
al identity of the buildings.

- Improvement of thermal properties of walls and floor
constructions by adding layers of insulation, usually 10cm
thick, where applicable. The walls are typically refur-
bished using a contact facade system since this meth-
od of energy rehabilitation is common in our practice
as the most economical and least technically demand-
ing. An exception will be the buildings with facade brick
cladding, which is technically difficult to re-apply; in this
case it is possible to use special market ready systems in
which ceramic cladding as the final facade layer has inte-
grated thermal insulation.

- Floor constructions, horizontal and oblique, also have
layers of insulation added either in subsequent interven-
tions or integrated into the existing structure.

The second, advanced level of energy improvement
includes specific measures to raise the building energy
efficiency class to the maximum. The full scope of reha-
bilitation depends on the building characteristics such as
the shape factor, window-to-wall ratio, relationship with
adjacent buildings etc. Not typically used, these meas-
ures include installation of top quality windows available
on the market and thick insulation layers in the thermal
envelope.

Even further improvement of the energy rating can
be achieved only in certain cases, using considerably
complex constructions and elements that are not availa-
ble on the local market.



2. YHanpeheme cuctema rpejatba

YHanpeherba eHepreTckux nepdopmMaHcK 3rpaaa
pa3mMaTpaHa Cy UCTOBPEeMeHO Ca yHamnpeherma cucTe-
Ma rpejakba. Y OBOM CErMeHTYy MCTpaxMBatba youeHa je
BeNMKa Pa3HOBPCHOCT, Kako eHepreHarta, Tako 1 cucTe-
Ma 3a 3arpeBarbe MPOoCTOpWja - Ca OCHOBHOM MOAEIOM Ha
NHAVIBMOYaNHe CUCTEME ¥ CUCTEME [asbUHCKOT rpejatba.
To je ycnoeuno fa ce passujy pasnnunte METOAONOMMje
yHanpehvBarba.

Koa WMHAMBMAYanHUX CUCTEMa, Y MPBOM CTeneHy
yHanpeherba, BpLieHa je NpoMeHa eHepreHTa (Tamo raeje
T0 Moryhe), o IHOCHO MOAIEPHM3aLIMja CMCTEMA FPejarba, a
y Ipyrom cTeneHy yHanpehera, pa3matpaHa je ynotpe-
6a TeXHONOLWKM HajcaBpeMeHuje onpemMe AOCTyNHe Ha
TPXKULWTY 3@ KOHKPETaH C/yyaj y 3aBMCHOCTM Of pacro-
NOXMBOCTW eHepreHTa. Koa crctemMa Koju kopncte nHam-
BUAyanHe nehn Ha ApBa, yrasb, CTPYjy, 61no Kao nojeau-
HayHe, NN Y OKBMPY LIEHTPANHOT (BapWjaHTHO eTaXkHOT)
cUcTemMa PafnjaTopCKor rpejamba, yHanpeherbe ce orne-
[a Yy Npenacky Ha UeHTpanHu CUCTem rpejakba Ha ApBa
Ca MUPOANTUYKMM KOTJIOM M akymynaTopom BoAe 3a
rpejatbe, OAHOCHO LeHTPaNHW CUCTEM Ca HMCKOTemnepa-
TYPHVM KOT/IOM Ha 3eMHW rac, Wan, BapujaHTHO, KOTIOM
Ha pBO-NenerT.

Y npyrom cTeneHy yHanpeherba KopuwheH je
LUEeHTPanHW CUCTEM rpejarba C KOHAEH3AUVOHUM KOTIOM
Ha 3eMHWM rac (BapwjaHTHO [pPBO-NeneT), OAHOCHO
LUEeHTPasHUM CUCTEMOM rpejarba TOMAOTHOM MyMMAOM
Ba3ayx/Bopaa.'

Koa BuULIENoOpoguYHMX 3rpaja, Koje uMajy VHAWUBU-
yasiHe KOTNapHuLIE U paanjaTopcKo rpejarbe (6e3 ob3mpa
Ha eHepreHT), Npenopyka je: NpUKby4nBarbe Ha AarbUH-
CKV CUCTeM rpejarba raerof je 1o mMoryhe, ofHOCHO
npenasak Ha eKoNOLWKN NPUXBAT/bUBUjN EHEPreHT - Y
OCTannMm CiyyvajeBmma.

Koo AarbMHCKMX cucTeMa rpejarba, rae KoTnapHMua
KopuncTu pocunHa roprea, Npea Mepa yHanehera oaHo-
CY ce Ha Nobosblilake MOryRHOCTL perynauuje u ctene-
Ha ePUKaCHOCTM NocTojeher cucTemMa yrpafHoM TepMOC-
TaTCKMX BEHTMMA Ha FPEjHMM Tenrma 1 MOAEPHM3aLIMOM

1% YHanpeherbe crcTema rpejarba 3a nopoanyHe objekTe ca nH-
OVIBULYaNHAM CUCTEMO paauno je npeaysehe Viessman

YBog Introduction

2. Improvement in the heat supply system

Measures for improving energy performance and
upgrading heat supply systems were considered simul-
taneously. In this aspect, a great diversity in fuel sources
and systems for space heating has been observed, with
the basic division into individual systems and district
heating systems; these findings were used to develop
appropriate methods of improvement.

For individual heat supply systems, the first level of
improvement involves a change of fuel source (where
applicable) or modernization of the heating system; the
second level of improvement considers the use of the
latest technology available on the market in each partic-
ular case, depending on the availability of fuel source. For
systems with stoves using wood, coal, or electric power,
either as single units or as part of the central (alterna-
tively, independent per floor) radiator heating system,
the improvement includes the shift to central heating
with a wood gasification boiler with a buffer tank, a low
temperature gas boiler, or a biomass boiler for pellets or
logs.

The advanced level of improvement uses central
heating with condensing gas boiler (alternatively
biomass boiler for pellets or logs), or central heating with
air/water heat pump.'”

In- multi-family buildings with individual furnac-
es and radiator heating (regardless of fuel source), it is
recommended to connect to district heating wherever
possible, or otherwise switch to a more environmentally
friendly fuel source.

In fossil fuel district heating systems, the first refur-
bishment measure involves improving control and effi-
ciency of the existing system by installing thermostat-
ic valves on radiators and upgrading the substation for
heat supply control based on external air temperature.

1% Improvement solutions in individual family housing heating
systems were developed by the Viessmann Group
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npefajHe CTaHuLe yrpanrbOM onpeme 3a perynauujy
MCnopyKe TONIOTHe eHepruje Npema Cnosballikoj Temne-
patypu. Y cknagy ca Baxehum 3aKOHOM O epuKacHOM
kopuwherby eHepruje,'" HEONXOAHO je yrpaamnTi onpemy
33 Mepete 1CnopydeHe eHepruje, kako b1 ce npewno
Ha HannaTy rpejarba Npema 13mepeHoj NOTPOLLFU.

Y [Opyrom HWBOYy YHanpebherba, OCMM MOMEHYTUX
mepa, npeasvha ce 1 yrpagdrba Nymnu ca npomeHbir-
BMIM MPOTOKOM U1 OUMTaBarbeM MOTPOLLIFE ENEKTPUYHE U
TOM/OTHe eHepruje.'?

3. YHanpehetbe cnctema npunpeme Tomne Boge

McTpakmBarbeM  je yTBpheHo fa ce Hajgehu 6poj
cucTema 3a Npunpemy Tonne Boje CacToju of UHAVBK-
AYanHWX eneKTPUYHIMX, akyMynaLlmoHyx 1, pehe, npotou-
HWX, bojnepa.

YHanpehetba y NpBOoM HMBOY Npeasvhajy LeHTpanu-
30BaHW CUCTEM NPUMNpPeMe CaHWTapHe Tonse BoAe, NoBe-
3aH Ca CUCTEMOM rpejatba Ha CamoM KOTJY, OAHOCHO
nomony v3merblBaYa TOMoTe Ca CNPEMHUKOM Y MofCTa-
HULW - KOA AATbUHCKUX CUCTeMa.

Y npyrom HuBoy yHanpehersa npensuba ce, ocum
nomeHyTUX, 1 Kopuwhere ConapHUX KONekTtopa, Kao
JOMYHCKOT CYCTeMa 3a NpUnpemMy CaHUTapHe Tomne Bofe.

MpunrKom pasmaTparba Mepa 3a yHanpeherse cucte-
Ma rpejarba, OJHOCHO NpWNpemMe CaH1TapHe Tore Boje,
Tpebano 61 nocebHy Maxrby NOCBETUTU MOMYRHOCTM
Kopuwherba OOHOB/BUBMX M3BOPA EHepruje: CconapHe,
eHepruje BeTpa, bromace v .

Tepmorpadckm nprkasu 3rpafia HaumMoHanHe
Tunonoruje

Y MpUKasy eHepreTcKVxX KapaKTepucTuka penpe-
3EHTaTMBHKX 3rpafa kopuwheHa je v TexHMka Tepmo-
BM3MJCKOr CHMMatba Kao jefHe Off BU3YeNHO HajaMpPeKT-
HUjUX MeToda WyCTpauuvje TePMUUKMX nepdoMaHCK
omMOTaua 3rpafa. TunuuHa unycTpaumja jeaHe 3rpage ce
MOXe BUAETV Ha Civium 6p. 2.

" Penybnunka Cpbuja MUHWCTapCTBO eHepreTvike, pa3soja n
3alUTUTE XKMBOTHE CpefnHe, ,3akoH O edrkacHOM Kopulhery
eHepruje’, CriyxbeHu enacHuk Penybnuke Cpbuje 6p. 25 (2013).

12 YHanpehetrba cuCTeMa [a/bUHCKON rpejarba 1U3paavo leTap
Bacurbeswh, annn. MHX. Mall.
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In accordance with the current legislation on energy
efficiency,'" it is necessary to install equipment for heat
supply metering in order to adopt consumption-based
billing.

In addition to these measures, the second level of
improvement envisages installation of variable flow
pumps with power and heat metering.'?

3. Improvement in the domestic hot water supply
system

The survey found that most domestic hot water
systems include individual electrical, storage and, occa-
sionally, non-storage water heaters.

The first level of improvement measures involve
central combined domestic hot water and heat supply
connected either by the boiler itself or by the heat
exchanger in the substation storage tank in case of
district heating systems.

In addition, the second level of improvement also
includes the use of an auxiliary solar hot water system.

When considering measures to improve heat and
domestic hot water supply systems, special attention
should be focused on the potential use of renewable
energy sources: solar, wind, biomass, etc.

Thermal images of buildings in the national typology

Thermal imaging, as visually most direct method of
illustrating thermal performance of the building enve-
lope, was used in the review of energy efficiency of the
representative buildings. A typical example of a building
can be seenin Figure 2.

"' Peny6nuka Cpbuja MyHUCTAPCTBO eHepreTuke, pa3Boja U
3aWTHTe XKNBOTHE CPeavHe, ,3aKoH O edriKacHOM Kopullhersy
eHepruje’, CriyxbeHu enacHuk Penybnuke Cpbuje bp. 25 (2013).

2 Improvement solutions in district heating systems were
developed by Petar Vasiljevi¢, B.C.E.



Cnuka 2. - GoTtorpaduja 1 TEPMOBU3MJCKM CHIUMAK
BMLIENOPOANYHE 3rpajie

YBon Introduction

Figure 2. — Photographic and thermal imagesof a multi-family
building

Tepmorpam ca [fecHe CTpaHe MpuKasyje 3paderbe
Koje 10M1a3u 13 NpasLia MocmaTpaHor objekTa NpeTsope-
HO Y BM3yenHW NpK1Ka3 ca TeMnepaTypHUM BpeaHOCTMA
NpVIKasaHMM Ha CKanu ca AecHe CTpaHe. JacHo ce Mory
YOUMTH HaKHa[HO M30/10BaHM CNPATOBW Ha AECHOj NOMO-
BMHW 3rpaje (H1xa TeMnepaTtypHa oumTaBarba — TaMHMja
60ja) OAHOCHO HeWn30/10BaHM CMNPATOBU Ca M3PA3UTVIM
ryouumrmMa y 30HaMa XOPW3OHTANHUX 1 BEPTUKANHUMX
APMNPAHOBETOHCKMX Cepknaxka (BUWa TemnepaTypHa
ounTaBarba - CBeTnja 60ja).

EHepreTckn 6unaHcm

3a CBaKy 3rpafly, Koja je penpe3eHT CTaTUCTUYKN
bopMmvpaHoOr TWna, [aTvi Cy TOMIOTHU Tyouum Kpo3
nojeaviHe eneMeHTe TEPMMYKOT OMOTaua, Ha OCHOBY KOjUX
MOTY fla Ce jaCHO carnefajy penaTuBHY OAHOCK KBanuTeTa
nojefnHNX enemeHaTa CTPYKType 3rpafe. [pe3eHToBaHu
Ha jemHOCTaBaH HauuH, ynyhyjy Ha npuoputeTe Kof
moryher ofabvipa eHepreTcke pexabunuTaLimje.

Takohe 3a CBaKy 3rpafly, y cknafy ca MNpaBuaH1MKOM O
eHepreTcKkoj ePUKaCHOCTM 3rpaja, 13padyHaTe Cy:
- eHeprvja noTpebHa 33 HEHO 3arpeBarbe TOKOM
roaviHe AaHa, flata Nno m? rpejaHe nosplinHe 1 oapeheH
ofiroBapajyhu eHepreTcku paspen;
- duHanHa eHepruja;

The thermal image shows radiation from the
observed building transformed into a visual represen-
tation with temperature values on the right. There is a
clear distinction between the subsequently insulated
floors on the right side of the building (lower tempera-
ture readings are of darker color) and uninsulated floors
with intense thermal loss in the zones of horizontal and
vertical reinforced concrete ring beams (higher temper-
ature readings are of lighter color).

Energy balances

Each building representative of a statistically formed
type was evaluated for thermal loss through particular
elements of the envelope, and the information was used
to consider relative ratios between the qualities of differ-
ent elements in the building structure. Presented in a
straightforward way, they indicate the priorities in choos-
ing potential energy refurbishment procedures.

In compliance with the Regulations on energy efficien-
cy of buildings, the following values were calculated for
each building:

- annual heat consumption by m2 of heated space
and the appropriate energy efficiency class;
- final energy;
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- YKyNHO noTpebHa eHeprvja 3a 3arpesarbe Lenor
rpejaHor fena 3rpafe TOKOM rofuHe;

- NpvMapHa eHepruja;

- emwucuja yribeH Mokcmaa.

Pesyntatn o0BWMX npopadyHa Aatv Cy, Kako 3a
noctojehe cTake 3rpafe, Tako M 3a AaTa Asa Moryha
H1BOa yHanpehersa.

Kao Kpajhbu pe3yntaT, Koju omoryhasa nopehere
npeasuheHnx Mepa yHanpeherba, rpPaheBUMHCKUX 1
OHVX KOje Ce TWYy cucTema rpejarba NpUMerbeHVX
MCTOBPEMEHO, faTe Cy lWemMe ca MPOUEHTYalHO
M3PKEHVM eHepreTckiM ywTegama. [Npernefom fatmx
pe3y/Tata MOXe Ce KOHCTaTOBaTW Aa Ca NPBVM HMBOOM
yHanpeherba moryhe je ywTeaetv of oko 25% na yak o
cKopo 90% noTpebHe eHepruje 3a rpejarbe. pyru HUBO
yHanpehetba, Koju HapaBHO Mofpasymesa W 3HauajHuje
MHBeCTUUMje, Hajuewhe omoryhasa ywTteae of oko 70%,
Mafa ce y MojeAuHUM CiydajeBrMa nNoTpebHa eHeprija
3a rpejarbe Ha roAvLHbEM HMBOY, OBKM Mepama, CBena
Ha cBera 5% ofj NoTpebHe eHepruje 3a rpejarbe 3rpage 'y
noctojehem cTarby.

MOI’thI npasun ga/bnx NCTpakmBatba

icTpaxwBarbe KapakTepucTvka CTambeHor GoHaa 1
bopmmparse HalMoHanHe TMNONoruje, Koje je AaTo y 0BOj
MoHorpaduju, nocseheHo je yHanpehery rpahesrHckor
doHaa Koje Mma 3a Uwb noborbllarbe eHepreTcke
edrKacHOCTM 3rpafja a ofamie U CMakberbe emucuje
CO, Kao jeaHoOr oOff OCHOBHMX racoBa Koju Gpopmrpajy
edekar crakneHe awTe. OcTaje MehyTUM HeUCTpaxeH
EKOMOWKY  acMekT NpUMEeHeHVX MaTepujana. Kpos
NPUMEHY KOHLIeNTa »KMBOTHOM LMKIyca matepujana,’
Koju ce m3mehy octanor 6aBu K oleHom yrpaheHe
eHeprvje No NPUHLKMNY “of KoneBKe Ao Koneske”, moryhe
je nasbe yHanpehere rpahesnHckor oHaa a oaatne u
Jasba ylTeaa eHepriuje.

'3 Milica Jovanovi¢ Popovi¢ and Saja Kosanovi¢, “Selection of
building materials based upon ecological characteristics: pri-
orities in function of environmental protection’, Spatium No 20,
(2009): 23-7.

- total annual heat energy demand for heated space;
- primary energy;
- CO, emissions.

The calculations were given for the existing stage
and for the two potential improvement levels.

The final result, which allows comparison of the
proposed improvement measures applied simultaneous-
ly for construction and heating systems, indicates ener-
gy savings in percentages. The given data suggest that
the standard measures of improvement can help save
from about 25% to as much as almost 90% of the ener-
gy needed for heating. The advanced level of improve-
ment, despite involving a significant investment, often
provides savings of about 70%, although in some cases
these measures can reduce the annual heat consump-
tion to only 5% of the existing values.

Potential directions for further research

Exploring the characteristics of the housing stock and
the formation of the national typology presented in this
monograph are devoted to rehabilitation of buildings,
with an aim to improve energy efficiency and reduce the
emissions of CO, as one of the main gases that produce
the greenhouse effect. However, the ecological aspect
of the applied materials remains unexplored. By apply-
ing the concept of the life cycle of materials, which also
includes the Cradle-to-Cradle assessment of energy use,
further refurbishment of the building stock is ensured
along with additional energy savings.

'3 Milica Jovanovi¢ Popovi¢ and Saja Kosanovi¢, “Selection of
building materials based upon ecological characteristics: pri-
orities in function of environmental protection’, Spatium No 20,
(2009): 23-7.



HaunoHanHa Tnnonorunja
y 6pojeBrma

Tokom pafa Ha Gopmypatby HalMoHanHe TUMoso-
rvje obaB/beHa Cy OOVMHa MCTpaXkMBaHba Ha TepeHy, 3a
KapaKTepucTnyHe objekTe M3BPLIEH je AeTarbaH yBua Y
TeXHNUKY AOKYMEHTauujy v npopadyHaTe Cy Teopujcke
BPEOHOCTM PeneBaHTHE 3a TEPMUYKM OMOTaY 3rpaje U
npoLeHy noTpebHe eHepruje 3a rpejarbe Ha rogullHem
HvBOY. [lobunjeHr nofaumn Ham Npyajy MoryhHoCT Aa Ha
jeAMHCTBEHM HauMH KBaHTUOUKYjeMo CTambeHu ¢oHa
Cpbuje, nosesyjyhn eHepreTcke KapakTepuUcTuke U
MoryRHOCTV yHanpeherba ca faTvm TMNoBKMMa CTambe-
HVX 3rPajfa ¥ KOHKPETHWM apXUTEKTOHCKMM ObjeKT1Ma.

[lobujeHn pesynTtaTu cy 3a OBy NybamKaLWjy nprKas-
aHM CUHTE3HO, Ca CYMUPaHVIM anconyTHVM BPeAHOCTMA
1 NPOLIEHTYaNHOM PacnoAeom Mo TUNoBMMA ¥ Nepro-
ovma, 1 1o npema TABYJTA metofonorvjy Kao 1 npema
HalUWOHaNHOj TMNoNorWju. 3a CBakM WAEHTUPUKOBAHM
TMN 13 HauWOHanHe TMnonorvje gata je v "nMyHa Kapra”
Ca OCHOBHMM HYMEPUUKMM NMoAaLmMma Koju omoryhasajy
carnefiaBarbe Tvna Ha HaUWMOHANHOM HUBOY.

HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

National Typology in figures

The work on the formation of the national typology
included extensive field research, a detailed overview
of technical documentation on characteristic buildings,
and calculations of theoretical values relevant to their
thermal envelopes and estimates of annual heating
consumption. The results offer the opportunity for
uniform quantification of the housing stock of Serbia,
linking energy performance and improvement potential
with the given housing types and specific architectural
structures.

This publication presents synthesized data, with sums
of absolute values and percentage distribution by types
and periods, according to both the TABULA methodology
and the national typology. Each type identified in the
national typology comes with a fact sheet comprising
basic numeric data that allow consideration of the type
at national level.
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Ounctprbyumja TMNoBa Ha HaLMOHATHOM HUBOY
npema noBpLUNHN

Mopaun cy nobujeHn Ha OCHOBY aHKeTa CnpoBefe-
H1x 2011, 1 2012. roavHe, pacnonoXmBMX pesynTaTa 13
lNonwca CTaHOBHUWTBA, AOMANMHCTBA 1 CTaHOBa Y Peny-
6nvum Cpbujn 2011, roarHe, Kao v ApYrvx noaaTtaka
Penybnunukor 3aBofia 3a ctatuctuky Penybnunke Cpbuje.
CuHTe3Ha 6a3a nofataka dopmMupaHa je y3 nomoh aren-
uuje "Vincoc”.

Tabena 1. — HaumoHanHa TMnonoruja — 3aCTyn/beHOCT TUMOBa
npema noBpwuHM (m?)

Type distribution by area at national level

Data were acquired from 2011 and 2012 surveys,
available results from the 2011 Census of Population,
Households and Dwellings in the Republic of Serbia, as
well as other information from the Statistical Office of the
Republic of Serbia. Synthesized database was compiled
with the help of Ipsos agency.

Table 1. - National typology — type distribution by area (m?)

NOPOANYHO CTaHOBaHbE BMLLEMOPOANYHO CTaHOBaHbE
family housing multifamily housing
1 2 3 4 5 6 > m? %
A A | <1919 8812918 1641759 181255 128 836 319202 11083970 3.83%
B B [1919-1945 14060 213 871044 1056 060 343833 1829417 18160 567 6.27%
U C | 1946-1960 19797175 951208 1419450 2699971 1591895 127540 | 26587 239 9.18%
A D |191-1970 27080 821 1858 685 6464 054 6207 704 2226913 1031502 | 44869679 15.49%
E E 1971-1980 38021616 1921639 | 10176303 | 17481251 3154044 2418507 | 73173360 25.26%
o F 1981-1990 34331187 2121357 | 10867713 | 15936685 3401177 815053 | 67473172 23.29%
r G |[1991-2011 23129363 1449 853 8362183 | 10410747 4987 582 48339733 16.69%
> m? 165 233 293 10815545 | 38527023 | 53209027 | 17510230 4392602 | 289687720 100.00%
% 57.04% 3.73% 13.30% 18.37% 6.04% 1.52% 100.00%

lpadurKkoH 1. - HaumoHanHa TMNonoruja — 3acTyn/beHoCT
TWMoBa npema noBpLnHY (%)

<1919 1919.1945

1946-1960

1961-1970

1971-1980 1981-1990
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Figure 1. - National typology — type distribution by area (%)

1991-2011

cnoboarocTojehe nopoawnure kyhe (1)
freestanding family houses (1)

15.00%
nopoawnuHe kyhe y Hu3y (2)
12.00% family houses in a row (2)
9.00% cnoboarocTojehe ctambere 3rpage (3)
A 0

freestanding residential buildings (3)
6.00% . namene (4)

residential buildings - lamelas (4)
[ | cTambeHe 3rpafie y rpafckom 610Ky (5)
0% residential buildings in a row (5)

. conutepu (6)
high-rise residential buildings (6)

3.00%




Tabena 2. — HaunoHanHa trnonoruja npema Tabynu —
3aCTyrN/bEHOCT TMMOBa Npema NMoBpLUVHNA (M?)

HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

Table 2. - National typology according to the TABULA - type
distribution by area (m?)

NOPOAMYHO CTaHOBatbe BULLIENOPOANYHO CTaHOBatbe
family housing multifamily housing
SFH TH MF AB > m? %

<1919 8812918 1641759 501961 128 836 11085 474 3.83%
1919-1945 14060 213 871044 2883973 343833 18159 063 6.27%
1946-1960 19797175 951208 3011345 2827511 26587 239 9.18%
1961-1970 27080821 1858 685 8690 967 7239206 44869 679 15.49%
1971-1980 38021616 1921639 13330347 19899 758 73173 360 25.26%
1981-1990 34331187 2121357 14 268 890 16751738 67473172 23.29%
1991-2011 23129363 1449 853 13349770 10410 747 48339733 16.69%
> m? 165 233 293 10815 545 56 037 253 57 601 629 289687 720 100.00%
% 57.04% 3.73% 19.34% 19.88% 100.00%

MpadukoH 2. - HaunoHanHa trnonoruvja npema Tabyau —
3aCTyNSbeHOCT TWMOBa Npema NoBpLLnHN (%)

<1919 19191945

1946-1960

1961-

Figure 2. — National typology according to the TABULA — type
distribution by area (%)

1991-2011

1500% |l cnoboaHocTtojehe nopoaunyHe kyhe (SFH)
Single-Family Houses (SFH)

12.00%
) nopoguure kyhe y Huzy (TH)
9.00% Terraced Houses (TH)
6.00% BULLIenopoamnyHe cTambeHe 3rpaae (MF)
3.00% Multi-Family Houses (MF)
0% namene 1 conutepn (AB)

Apartment Blocks (AB)
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AncTpubyLmja TMNOBa Ha HaLMOHATHOM HUBOY
npema 6pojy 3rpaga

Mopaun cy nobujeHn Ha OCHOBY aHKeTa CnpoBefe-
H1x 2011, 1 2012. roavHe, pacnonoXmBMX pesynTaTa 13
lNonwca CTaHOBHUWTBA, AOMANMHCTBA 1 CTaHOBa Y Peny-
6nvum Cpbujn 2011, roarHe, Kao v ApYrvx noaaTtaka
Penybnunukor 3aBofia 3a ctatuctuky Penybnunke Cpbuje.
CuHTe3Ha ©6a3a nopaTaka ¢dopmupaHa je y3 mnomoh
aeHuuje "Vincoc”.

Tabena 3. - HauvoHanHa TMnonoruja — 3aCTynybeHoCT TMNOBa
npema 6pojy 3rpaaa (kom.)

Type distribution by number of buildings
at national level

Data were acquired from 2011 and 2012 surveys,
available results from the 2011 Census of Population,
Households and Dwellings in the Republic of Serbia, as
well as other information from the Statistical Office of the
Republic of Serbia. Synthesized database was compiled
with the help of Jpsos agency.

Table 3. - National typology - type distribution by number of
buildings (items)

NOPOANYHO CTaHOBatbe BYILIENOPOANYHO CTaHOBatbe
family housing multifamily housing
1 2 3 4 5 6 > KOM. X items %
A A | <1919 117985 17394 183 40 345 135947 6.05%
BB [ 1919-1945 194 546 10937 1530 170 1663 208 846 9.30%
L C | 1946-1960 286 259 12034 2013 1175 1344 34 302 859 13.48%
A D |191-1970 376057 23328 5624 2113 1661 242 409 025 18.21%
E E 1971-1980 454893 20636 8104 4337 1876 415 490 261 21.83%
o F 1981-1990 386958 19768 7837 4176 2024 163 420926 18.74%
r G |[1991-2011 252 884 12567 6757 2971 3277 278 456 12.40%
> Kom. X items 2069 582 116 664 32048 14982 12 190 854 2246320 100.00%
% 92.13% 5.19% 1.43% 0.67% 0.54% 0.04% 100.00%

lpadukoH 3. — HauoHanHa TMnonoruja — 3acTynbeHocT
TMNoBa npema 6pojy 3rpapa (%)
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Figure 3. — National typology — type distribution by number of
buildings (%)
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HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

Tabena 4. — HaunoHanHa trnonoruja npema Tabynu — Table 4. - National typology according to the TABULA - type
3aCTyN/beHOCT TUMNoBa Npema 6pojy 3rpaga (kom.) distribution by number of buildings (items)
nopoAnYHO CTaHOBaHbe BMLIENOPOANYHO CTaHOBaHbe
family housing multifamily housing
SFH TH MF AB > KOM. X items %
<1919 117985 17 394 592 40 136011 6.05%
1919-1945 194 546 10937 3129 170 208 782 9.29%
1946-1960 286 259 12 034 3357 1209 302 859 13.48%
1961-1970 376 057 23328 7285 2355 409 025 1821%
1971-1980 454 893 20636 9980 4752 490 261 21.83%
1981-1990 386 958 19768 9861 4339 420926 18.74%
1991-2011 252 884 12 567 10 034 2971 278 456 12.40%
> KOM. > items 2069 582 116 664 44 238 15836 2 246 320 100.00%
% 92.13% 5.19% 1.97% 0.70% 100.00%
lpadukoH 4. - HaunoHanHa Trnonoruvja npema Tabysu — Figure 4. — National typology according to the TABULA - type
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HaumnoHanHa Tunonorwja ctambenwx 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

AncTpubyLmja TMNOBa Ha HaLMOHATHOM HUBOY
npema 6pojy cTaHoBa

Mopaun cy nobujeHn Ha OCHOBY aHKeTa CnpoBefe-
H1x 2011, 1 2012. roavHe, pacnonoXmBMX pesynTaTa 13
lNonwca CTaHOBHUWTBA, AOMANMHCTBA 1 CTaHOBa Y Peny-
6nvum Cpbujn 2011, roarHe, Kao v ApYrvx noaaTtaka
Penybnunukor 3aBofia 3a ctatuctuky Penybnunke Cpbuje.
CuHTe3Ha ©6a3a nopaTaka ¢dopmupaHa je y3 mnomoh
aeHuuje "Vincoc”.

Tab6ena 5. — HauvoHanHa TMnonoruja — 3aCTynybeHoCT TMNOBa
npema 6pojy cTaHoBa (KOM.)

Type distribution by number of dwelling units
at national level

Data were acquired from 2011 and 2012 surveys, the
available results from the 2011 Census of Population,
Households and Dwellings in the Republic of Serbia, as
well as other information from the Statistical Office of the
Republic of Serbia. Synthesized database was compiled
with the help of Jpsos agency.

Table 5. - National typology - type distribution by number of
dwelling units (items)

NOPOANYHO CTaHOBatbe BLIENOPOAVYHO CTaHOBakbe
family housing multifamily housing
1 2 3 4 5 6 > KOM. X items %
A A | <1919 117985 17 394 1098 567 2980 140 024 4.40%
BB [ 1919-1945 195812 11078 12 240 2457 18 267 239 854 7.53%
L C | 1946-1960 289 604 12139 19539 13696 17 006 1814 353798 11.11%
A D |191-1970 379607 23490 69 853 31154 21256 16 692 542 052 17.02%
E E 1971-1980 494751 22 444 106 162 101 130 26639 30005 781131 24.53%
o F 1981-1990 435469 22951 96 395 79762 25907 11084 671568 21.09%
r G |[1991-2011 291 304 13679 75003 38920 37686 456 592 14.34%
> Kom. X items | 2204532 123175 380290 267 686 149 741 59595 3185019 | 100.00%
% 69.22% 3.87% 11.94% 8.40% 4.70% 1.87% 100.00%

lpadukoH 5. — HaumoHanHa TMnonorvja — 3acTyn/beHoCcT
TMNoBa Npema 6pojy cTaHosa (%)
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Figure 5. - National typology — type distribution by number
of dwelling units (%)
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Tabena 6. — HaunoHanHa Trnonoruja npema Tabynu —
3aCTyn/beHOCT TMMNOBa Npema 6pojy cTaHoBa (Kom.)

HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

Table 6. - National typology according to the TABULA - type

distribution by number of dwelling units (items)

NOPOAMYHO CTaHOBatbe
family housing

BMLIENOPOANYHO CTaHOBaHbe

multifamily housing

SFH TH MF AB 2 KOM. > items %

<1919 117985 17 394 4078 567 140 024 4.39%
1919-1945 195812 11078 30507 2457 239854 7.52%
1946-1960 289 604 12139 36 545 15510 353798 11.10%
1961-1970 379607 23490 91109 47 846 542 052 17.00%
1971-1980 494751 22 444 132801 131135 781131 24.50%
1981-1990 435469 22 951 122302 90 846 671568 21.06%
1991-2011 291304 13679 112689 42315 459987 14.43%
3 KoMm. X items 2204532 123175 530031 330676 3188414 100.00%
% 69.14% 3.86% 16.62% 10.37% 100.00%

lpadukoH 6. — HaunoHanHa Trnonoruja npema Tabyau —

3aCTYN/beHOCT TUMOBa Npema bpojy ctaHoBa (%)
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Figure 6. - National typology according to the TABULA — type
distribution by number of dwelling units (%)
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HaumnoHanHa Tunonorwja ctambenwx 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

OuncTpurbyumja TMNOBa Ha HaLMOHANHOM HUBOY
npema noTpebHOj eHepruju 3a rpejare

Mopauw cy pAobujeHn Ha OCHOBY NpopadyHaTe
roaunitbe notpebe 3a eHeprujoM 3a rpejarbe Kapakte-
PUCTUYHMX MPeACTaBHMKA TUMOBa WM KBaHTWUOUKalvje
npvkaszaHe y Tabenama 1,3 1 5.

Tabena 7. - HaumoHanHa TMnonoruja — 3aCTyrn/beHoCT TUMoBa
npema noTpebHoj eHeprujn 3a rpejarbe (MWh/roguiure)

Type distribution by heating consumption
at national level

Data were acquired from annual heating consump-
tion estimates for characteristic type representatives and
the data shown in Tables 1, 3, and 5.

Table 1. - National typology - type distribution by heating
consumption (MWh/year)

NOPOAMYHO CTaHOBarbe | BULIEMOPOANYHO CTaHOBAMbE
family housing multifamily housing
1 2 3 4 5 6 > MWh/roaviitbe %
>~ MWh/year
A A | <1919 2317797 512229 38064 21129 52988 2942 206 4.50%
B B [1919-1945 3402572 284831 196 427 75299 272583 4231713 6.48%
L C | 1946-1960 4969 091 232095 322215 491395 348 625 20151 6383572 9.77%
O D | 1961-1970 6824 367 667268 | 1111817 987 025 420887 121717 10133081 15.51%
E E 1971-1980 12433 068 253656 | 1943674 | 2394931 498339 324080 17847749 | 27.32%
(O 1981-1990 11638272 462456 | 1369332 | 2023959 397938 101 882 15993838 | 24.48%
r G |[1991-2011 5551047 230527 652 251 884913 473820 7792558 | 1193%
> MWh/rognwe | 47136215 | 2643062 | 5633780 | 6878652 | 2465179 567 830 65324717 | 100.00%
> MWh/year
% 72.16% 4.05% 8.62% 10.53% 3.77% 0.87% 100.00%

lpadurKkoH 7. — HaumoHanHa TMnonorvja — 3acTyrbeHocT
TMNOBa NpemMa NoTPebHOj eHeprujv 3a rpejarse (%)
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Figure 7. — National typology — type distribution by heating
consumption (%)
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HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

Tabena 8. — HaumoHanHa Tvnonoruja npema Tabynu — Table 8. - National typology according to the TABULA - type
3aCTyN/beHOCT TUMOBa Npema NoTpebHOj eHeprujn 3a rpejarbe distribution by heating consumption (MWh/year)
(MWh/roguuirse)
nopoAMYHO CTaHOBaHe BMLLENOPOANYHO CTaHOBaMbe
family housing multifamily housing
SFH TH MF AB > MWh/rogunwtbe %
> MWh/year
<1919 2317797 512229 91051 21129 2942 206 4.50%
1919-1945 3402572 284 831 469010 75299 4231713 6.48%
1946-1960 4969 091 232095 670 840 511546 6383572 9.77%
1961-1970 6824 367 667 268 1532704 1108 742 10 133 081 15.51%
1971-1980 12433 068 253 656 2442013 2719011 17 847 749 27.32%
1981-1990 11638272 462 456 1767270 2125841 15993 838 24.48%
1991-2011 5551047 230527 1126071 884913 7792558 11.93%
> MWh/rognwbe 47 136 215 2 643 062 8098 959 7 446 482 65324717 100.00%
> MWh/year
% 72.16% 4.05% 12.40% 11.40% 100.00%
lpaduKoH 8. — HaloHanHa Tvnonorvja npema Tabyiu — Figure 8. — National typology according to the TABULA - type

3aCTyrn/beHOCT TUMOBA Npema NoTpedHOj eHepryju 3a rpejarbe (%) distribution by heating consumption (%)
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HaumnoHanHa Tunonorwja ctambenwx 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

YwTena no TMNOBYIMa HaKOH MPBOT HMBOA
yHanpebhema

Mopauw cy pAobujeHn Ha OCHOBY NpopadyHaTe
roaunitbe notpebe 3a eHeprujoM 3a rpejarbe Kapakte-
PUCTUYHVIX NpefCcTaBHMKA TWUMOBa HakoH yHanpeherba
EHEePreTCKMX KapakTepucTuKa 3rpaje 3a HajMarbe jefaH
paspef, NpYMeHoM yobruajeHnx rpaheBUHCKUX Mepa Y3
Kopuwherbe KBaHTUdMKaLMja MPrUKa3aHux y Tabenama 1,
3,51 7. Ha HauMOHanHOM HMBOY, MOTEHLW]aNHO Ce MOXe
ywteaet 61% eHepruje notTpebHe 3a rpejarse, y3 npume-
HY Mepa NpeanoXeH1M y OKBUPY onuuje “yHanpeherse 1"
Koja je feTarbHO objallHbeHa y TeKCTYanH1M U rpaduukmm
npuno3nma AaTim 3a CBakwM TN NoHaocob.

Tab6ena 9. — HauvoHanHa Tunonoruja — ywrea HakoH NpBor
HMBOA yHarnpeherba EHePreTCKMX KapakTepuCTMKa 3rpaje
(MWh/rognuirse)

Savings by type after the standard improvement

Data were acquired from annual heating consump-
tion estimates for characteristic type representatives af-
ter the intervention aimed at improving building ener-
gy performance for at least one energy efficiency class,
using standard construction procedures and the data
showninTables 1,3,5and 7. At national level, the poten-
tial savings can be as much as 61% of heating consump-
tion provided that the measures proposed as Improve-
ment 1 are applied, which are explained in detail in the
texts and figures accompanying each individual type.

Table 9. - National typology — savings after the standard
improvement of building energy performance (MWh/year)

NOPOANYHO CTaHOBabe BYILIENOPOANYHO CTaHOBakbe
family housing multifamily housing
1 2 4 5 6 > MWh/roguitbe
> MWh/year

A A | <1919 1427 693 270890 19757 11209 21067 1750616
B B [1919-1945 1841888 166 369 108774 49512 144 524 2311067
L C | 1946-1960 2771605 98926 197 304 294297 206 946 11989 3581066
O D | 1961-1970 4468335 410769 756 294 509 032 224918 57764 6427 113
E E 1971-1980 931529 117 220 1210980 1031394 242 861 198318 12116 069
(O 1981-1990 7964 835 159102 521650 653 404 91832 54 609 9445 432
r G |[1991-2011 3723827 52195 234141 176 983 99752 4286 898

> MWh/rognwise 31513479 1275471 3048 900 2725830 1031901 322679 39918 260

> MWh/year

lpadmKoH 9. — HauyoHanHa TMnonormja — ywrena HakoH NpBsor
HIMBOa yHanpehetba eHepreTckyiX KapakTeprncTka 3rpaae %y
OfIHOCY Ha YKyrHE TpeHyTHe NMoTpe6e Ha HaUYOHaHOM HIBOY)
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Figure 1. — National typology — savings after the standard
improvement of building energy performance (% of current
total energy consumption at national level)
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HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

Tabena 10. - HaumoHanHa Tmnonoruvja npema Tabynu — Table 10. - National typology according to the TABULA —
yluTesla HakoH NPBOT HWBOA yHanpehera eHepreTckmnx savings after the standard improvement of building energy
KapakTepucTuKa 3rpage (MWh/roguniise) performance (MWh/year)
NnopoAMYHO CTaHOBame BULLENOPOAMNYHO CTaHOBarbe
family housing multifamily housing
SFH TH MF AB > MWh/rogunwtsbe
> MWh/year

<1919 1427693 270890 40 824 11209 1750616

1919-1945 1841888 166 369 253298 49512 2311067

1946-1960 2771605 98 926 404 250 306 286 3581066

1961-1970 4468 335 410769 981213 566 796 6427113

1971-1980 931529 117220 1453 841 1229711 12116 069

1981-1990 7964 835 159102 613482 708013 9445 432

1991-2011 3723827 52195 333893 176 983 4286898

> MWh/rognwbe 31513479 1275471 4080 801 3048 509 39918 260

> MWh/year
lpadwmkoH 10. — HaymoHanHa Tnonorvija npema Tabyiu — Figure 10. - National typology according to the TABULA —
ylWTeaa HakoH MpBOr HMBOA yHanpeherba eHepreTcKmnx savings after the standard improvement of building energy
KapakTepucTrka 3rpage (% y OfHOCY Ha YKyrnHe TpeHyTHe performance (% of current total energy consumption at
notpebe Ha HaLWIOHaIHOM HIIBOY) national level)
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HaumnoHanHa Tunonorwja ctambenwx 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

YwTena no TMNOBYMa HaKoH APYror HBOa
yHanpebhema

Mopauw cy pAobujeHn Ha OCHOBY NpopadyHaTe
roaunitbe notpebe 3a eHeprujoM 3a rpejarbe Kapakte-
PUCTUYHVIX NpefCcTaBHMKA TWUMOBa HakoH yHanpeherba
EHEPreTCKMX KapakTepucThka 3rpage A0 MNOCTM3akba
MrHUMYM "C" pa3pefia (yKonmko je To Moryhe), npume-
HOM yHanpeheHnx rpaheBrHCKKX Mepa y3 kopulhere
KBaHTUOMKaUVWja NpvikasaHux y Tabenama 1, 3,5 1 7. Ha
HaLMOHaMHOM HMBOY, MOTEHLMjalHO Ce MOXe YLITe[eTn
72% eHepruje noTpebHe 3a rpejarbe, y3 NpumMeHy Mepa
NPeAnoXeHM Yy OKBMPY onuuje “yHanpeherse 2" Koja
je AeTarbHO ObjalbeHa y TeKCTYanHUM v rpaduykim
npuno3nma AaTim 3a CBakw TN NoHaocod.

Tabena 11. - HauvoHanHa TMNonoruja — ywTeaa HakoH Apyror

HMBOA yHanpeherba EHePreTCKMX KapakTepuCT1Ka 3rpaae
(MWh/rognuwme)

Savings by type after the advanced improvement

Data were acquired from annual heating consump-
tion estimates for characteristic type representatives after
the intervention aimed at improving building energy
performance to meet the requirements of at least Energy
Efficiency Class C (if possible), using advanced construc-
tion procedures and the data shown in Tables 1, 3,5 and
7. At national level, the potential savings can be as much
as 72% of heating consumption provided that the meas-
ures proposed as Improvement 2 are applied, which are
explained in detail in the texts and figures accompany-
ing each individual type.

Table 11. — National typology - savings after the advanced
level of improvement of building energy performance (MWh/
year)

NOPOANYHO CTaHOBaHbe BMLLENOPOANYHO CTaHOBaHbe
family housing multifamily housing
1 2 3 4 5 6 3 MWh/rognure
> MWh/year
A A | <1919 1683 267 357903 26282 14172 31920 2113545
B B [1919-1945 2362116 189017 129895 56 389 188430 2925 846
U C | 1946-1960 3187345 142 681 235629 361796 262663 14 540 4204 653
O D | 1961-1970 4928709 479 541 872647 689 055 302 860 90772 7 363 585
E E 1971-1980 10075728 157574 1465 388 1346 056 353253 251525 13649 524
o F 1981-1990 9097 765 305475 912888 1179315 163 256 70910 11729 609
r G |[1991-2011 4024 509 71043 367 936 426 841 154615 5044 944
> MWh/rognwise 35359440 1703 235 4010665 4073623 1456 997 427 746 47031706
> MWh/year

lpadurkoH 11. — HaumoHanHa TMnonoruja — ywreaa HakoH
[PYror HYBoa yHanpeherba eHepreTcKrx KapakTepucTika
3rpage (% y oAHOCy Ha yKynHe TpeHyTHe noTpebe Ha
HaLMOHaNHOM HVBOY)
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Figure 11. - National typology — savings after the advanced
level of improvement of building energy performance (% of
current total energy consumption at national level)
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Tabena 12. - HaumoHanHa Tnonorvja npema Tabynu —

yluTela HakoH APYror H1MBOA yHanpehera eHepreTcKmnx
KapakTepucTuKa 3rpage (MWh/rogunuise)

HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

Table 12. — National typology according to the TABULA —
savings after the advanced level of improvement of building
energy performance (MWh/year)

NOPOANYHO CTaHOBate BMLLEMOPOANYHO CTaHOBatbE
family housing multifamily housing
SFH TH MF AB > MWh/roaunirbe
> MWh/year
<1919 1683 267 357903 58202 14172 2113545
1919-1945 2362116 189017 318325 56389 2925846
1946-1960 3187345 142 681 498 291 376 336 4204653
1961-1970 4928709 479 541 1175507 779827 7 363 585
1971-1980 10075728 157574 1818641 1597581 13649 524
1981-1990 9097 765 305475 1076 144 1250224 11729 609
1991-2011 4024509 71043 522551 426 841 5044 944
> MWh/rognwise 35359440 1703235 5467 663 4501370 47031706
> MWh/year

lpadwmkoH 12. — HaymoHanHa Tunonorvja npema Tabyu —
ylWTeaa HakoH Apyror HBoa yHanpehera eHepreTckmx

KapaKTepuCcTmKa 3rpage (% Yy Of4HOCY Ha YKynHe TpeHyTHe
notpebe Ha HaLWOHaNHOM HIVBOY)
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Figure 12. - National typology according to the TABULA —

savings after the advanced level of improvement of building
energy performance (% of current total energy consumption
at national level)
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HauwonanHa Tvnonoruja ctambernx 3rpapa Cpbuje National Typology of Residential Buildings in Serbia

HaumoHanHa Tvnonoruja:
National typology:

A1 A1

3acTyn/beHoCT Thna bpoj 3rpaga 117985 525%
Frequency of building type Number of buildings
bpoj cTaHoBa 117985 3.70 %
Number of dwellings
MospwnHa [m? 8812918 3.04%
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTarbe 2317797 3.55%
[MWh/ roguiitrse] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 890105
Improvement 1
YHanpehetse 2 634450
Improvement 2
HauvoHanHa Tunonoruja:
National typology: A2 A2
3acTyn/beHoCT Thna bpoj 3rpaga 17394 0.77 %
Frequency of building type Number of buildings
bpoj cTaHoBa 17394 0.55 %
Number of dwellings
MospwnHa [m? 1641759 0.57 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 512229 0.78%
[MWh/ rogututrse] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 241339
Improvement 1
YHanpehetse 2 154325
Improvement 2
HauwvoHanHa Tunonoruja:
National typology: A3 A3
3acTyn/beHoCT TMna bpoj 3rpaga 183 0.01 %
Frequency of building type Number of buildings
bpoj ctaHoBa 1098 0.03 %
Number of dwellings
MospwuHa [m?] 181255 0.06 %
Living space [m?]
EHepruja notpebHa 3a rpejarbe | MocTojehe cTarbe 38064 0.06 %
[MWh/ roguntbe] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 18307
Improvement 1
YHanpeherbe 2 11782

Improvement 2
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HauuoHanHa Tunonoruvja y 6pojesnma

National Typology in figures

HavvoHanHa Tunonoruja:
National typology: A4 A4
3acTynsbeHoCT Tna bpoj srpapa 40 0.00 %
Frequency of building type Number of buildings
bpoj ctaHoBa 567 0.02 %
Number of dwellings
MospwwnHa [M?] 128836 0.04 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 21129 0.03 %
[MWh/ rognwse] Current condition
Energy needed for heating
IMWh/ an] YHanpehetrbe 1 9920
Improvement 1
YHanpehetbe 2 6957
Improvement 2
HauvoHanHa Tunonoruja:
National typology: A5 A5
3acTynsbeHoCT Tna bpoj srpapa 345 0.02 %
Frequency of building type Number of buildings
bpoj ctaHoBa 2980 0.09 %
Number of dwellings
MospwwnHa [M?] 319202 0.11%
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 52988 0.08 %
[MWh/ rognwtse] Current condition
Energy needed for heating
IMWh/ an] YHanpehetrbe 1 31920
Improvement 1
YHanpehetbe 2 21067
Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

b1 B1

3acTyn/beHoCT Thna bpoj 3rpaga 194546 8.66 %
Frequency of building type Number of buildings
bpoj cTaHoBa 195812 6.15 %
Number of dwellings
MospwnHa [m? 14060213 4.85 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 3402572 521 %
[MWh/ roguiitrse] Current condition
Energy needed for heating
(MWh an] YHanpehetse 1 1560684
Improvement 1
YHanpehetse 2 1040456
Improvement 2
HauvoHanHa Tunonoruja:
National typology: 52 Bz
3acTyn/beHoCT Thna bpoj 3rpaga 10937 049 %
Frequency of building type Number of buildings
bpoj cTaHoBa 11078 0.35%
Number of dwellings
MospwnHa [m? 871044 0.30%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 284831 0.44 %
[MWh/ rogututrse] Current condition
Energy needed for heating
(MWh an] YHanpehetse 1 118452
Improvement 1
YHanpehetse 2 95815
Improvement 2
HauwvoHanHa Tunonoruja:
National typology: 53 B3
3acTyn/beHoCT TMna bpoj 3rpaga 1530 0.07 %
Frequency of building type Number of buildings
bpoj ctaHoBa 12240 0.38 %
Number of dwellings
MospwuHa [m?] 1056060 0.36 %
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTarbe 196427 0.30 %
[MWh/ roguntbe] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 87653
Improvement 1
YHanpeherbe 2 66152

Improvement 2
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HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

HavvoHanHa Tunonoruja:
National typology: 54 B4
3acTynsbeHoCT Tna bpoj srpapa 170 0.01 %
Frequency of building type Number of buildings
bpoj ctaHoBa 2457 0.08 %
Number of dwellings
MospwwnHa [M?] 343833 0.12%
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 75299 0.12 %
[MWh/ rognwse] Current condition
Energy needed for heating
IMWh/ an] YHanpeherbe 1 25787
Improvement 1
YHanpehetbe 2 18911
Improvement 2
HauvoHanHa Tunonoruja:
National typology: 55 BS
3acTynsbeHoCT Tna bpoj srpapa 1663 0.07 %
Frequency of building type Number of buildings
bpoj ctaHoBa 18267 0.57 %
Number of dwellings
MospwwnHa [M?] 1829417 0.63 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 272583 042 %
[MWh/ rognwtse] Current condition
Energy needed for heating
IMWh/ an] YHanpeherbe 1 128059
Improvement 1
YHanpehetbe 2 84153

Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

L1 C1

3acTyn/beHoCT Thna bpoj srpapa 286259 12.74 %
Frequency of building type Number of buildings
bpoj cTaHoBa 288604 9.09 %
Number of dwellings
MospwnHa [m? 19797175 6.83 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 4969091 761 %
[MWh/ roguiitrse] Current condition
Energy needed for heating
(MWh an] YHanpehetse 1 2197486
Improvement 1
YHanpehetse 2 1781746
Improvement 2
HauvoHanHa Tunonoruja:
National typology: LI'2 C2
3acTyn/beHoCT Thna bpoj 3rpaga 12034 0.54 %
Frequency of building type Number of buildings
bpoj cTaHoBa 12139 0.38 %
Number of dwellings
MospwnHa [m? 951208 0.33%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 232095 0.36 %
[MWh/ rogututrse] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 133169
Improvement 1
YHanpehetse 2 89414
Improvement 2
HauwvoHanHa Tunonoruja:
National typology: L|‘3 C3
3acTyn/beHoCT TMna bpoj 3rpaga 2013 0.09 %
Frequency of building type Number of buildings
bpoj ctaHoBa 19539 0.61 %
Number of dwellings
MospwuHa [m?] 1419450 049 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | Moctojehe cTarbe 322215 0.49 %
[MWh/ roguntbe] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 124912
Improvement 1
YHanpeherbe 2 86586

Improvement 2
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HauvoHanHa Tvnonoruja y 6pojesuma National Typology in figures

HavvoHanHa Tunonoruja:
National typology: L|'4 C4
3acTynsbeHoCT Tna bpoj srpapa 175 0.05 %
Frequency of building type Number of buildings
bpoj ctaHoBa 13696 043 %
Number of dwellings
MospwwnHa [M?] 2699971 0.93 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 491395 0.75 %
[MWh/ rognwse] Current condition
Energy needed for heating
IMWh/ an] YHanpehetrbe 1 197098
Improvement 1
YHanpehetbe 2 129599
Improvement 2
HauvoHanHa Tunonoruja:
National typology: L|'5 C5
3acTynsbeHoCT Tna bpoj srpapa 1344 0.06 %
Frequency of building type Number of buildings
bpoj ctaHoBa 17006 0.53 %
Number of dwellings
MospwwnHa [M?] 1591895 0.55%
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 348625 0.53 %
[MWh/ rognwtse] Current condition
Energy needed for heating
IMWh/ an] YHanpeherbe 1 141679
Improvement 1
YHanpehetbe 2 85962
Improvement 2
HaunoHanHa tvnonoruja:
National typology: L|'6 C6
3acTynsbeHoCT Tna bpoj 3rpaga 34 0.00 %
Frequency of building type Number of buildings
bpoj craHoBa 1814 0.06 %
Number of dwellings
MosplwuHa [m?] 127540 0.04 %
Living space [m?]
EHepruja notpebHa 3a rpejatbe | MocTtojehe cTarbe 20151 0.03 %
[MWHh/ roguiutbe] Current condition
Energy needed for heating
IMWh/ an] YHanpehetbe 1 8163
Improvement 1
YHanpebherbe 2 5612

Improvement 2
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HauwvoHanHa Tvnonoruja:
National typology:

01 D1

3aCTyn/beHoCT Thna bpoj 3rpaga 376057 16.74 %
Frequency of building type Number of buildings
bpoj craHoBa 379607 11.92 %
Number of dwellings
MospwnHa [m? 27080821 9.34%
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTarbe 6824367 10.45 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 2356031
Improvement 1
YHanpehetse 2 1895657
Improvement 2
HauwvoHanHa Tvnonoruja:
National typology: D'z D2
3aCTyn/beHoCT Thna bpoj 3rpaga 23328 1.04 %
Frequency of building type Number of buildings
bpoj cTaHoBa 23490 0.74 %
Number of dwellings
MospwnHa [Mm? 1858685 0.64 %
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTarbe 667268 1.02 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 256499
Improvement 1
YHanpehetse 2 187727
Improvement 2
HauunoHanHa Trnonorwja:
National typology: ‘D'3 D3
3acTyn/beHoCT TMna bpoj 3rpaga 5624 0.25%
Frequency of building type Number of buildings
bpoj ctaHoBa 69853 2.19%
Number of dwellings
MoepwnHa [M?] 6464054 223%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | Moctojehe cTarbe 1111817 1.70 %
[MWh/ roguitbe] Current condition
Energy needed for heating
[MWh/ an] YHanpeherse 1 355523
Improvement 1
YHanpeherbe 2 239170

Improvement 2




HauwvoHanHa Tvnonorwja y 6pojesnma

National Typology in figures

HauuoHanHa Tvnonoruja:
National typology:

N4 D4

3aCTyn/beHoCT Tna bpoj 3rpapa 2113 0.09 %
Frequency of building type Number of buildings
bpoj cTaHoBa 31154 0.98 %
Number of dwellings
MospwwuHa [M?] 6207704 2.14 %
Living space [m?]
Enepruja notpebHa 3a rpejare | MocTojehe cTare 987025 1.51%
[MWh/ roputurse] Current condition
Energy needed for heating
MWh/ an] YHanpeherse 1 477993
Improvement 1
YHanpehetbe 2 297970
Improvement 2
HaumoHanHa Tvnonoruja:
National typology: D'S D5
3aCTyn/beHoCT Tna bpoj 3rpapa 1661 0.07 %
Frequency of building type Number of buildings
bpoj ctaHoBa 21256 0.67 %
Number of dwellings
MospwwnHa [M?] 2226913 0.77 %
Living space [m?]
Enepruja notpebHa 3a rpejare | MocTojehe cTare 420887 0.64 %
[MWh/ roputurse] Current condition
Energy needed for heating
MWh/ an] YHanpeherbe 1 195968
Improvement 1
YHanpehetbe 2 118026
Improvement 2
HaunoHanHa tvnonoruja:
National typology: D‘6 D6
3acTynsbeHoCT Tina bpoj 3rpaga 242 0.01 %
Frequency of building type Number of buildings
bpoj ctaHoBa 16692 0.52 %
Number of dwellings
MoepwuHa [m?] 1031502 0.36%
Living space [m?]
EHepruja notpebHa 3a rpejarbe | MocTtojehe cTarbe 121717 0.19%
[MWHh/ roguiutbe] Current condition
Energy needed for heating
[MWh an] YHanpehere 1 63953
Improvement 1
YHanpehehe 2 30945
Improvement 2




HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

HaumoHanHa Tvnonoruja:
National typology:

E1E1

3acTyn/beHoCT Thna bpoj srpana 454893 20.25 %
Frequency of building type Number of buildings
bpoj cTaHoBa 494751 1553 %
Number of dwellings
MospwnHa [m? 38021616 1311 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 12433068 19.03 %
[MWh/ roguiitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 3117773
Improvement 1
YHanpehetse 2 2357340
Improvement 2
HauvoHanHa Tunonoruja:
National typology: E2 E2
3acTyn/beHoCT TMna bpoj 3rpaga 20636 0.92 %
Frequency of building type Number of buildings
bpoj cTaHoBa 22444 0.70 %
Number of dwellings
MospwnHa [m? 1921639 0.66 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 253656 0.39 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehere 1 136436
Improvement 1
YHanpehetse 2 96082
Improvement 2
HauvoHanHa Tunonoruja:
National typology: E3 E3
3acTyn/beHoCT TMna bpoj 3rpaga 8104 0.36 %
Frequency of building type Number of buildings
bpoj ctaHoBa 106162 333%
Number of dwellings
MospwuHa [M?] 10176303 351%
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTakbe 1943674 2.98 %
[MWh/ rogutbe] Current condition
Energy needed for heating
(MWh an] YHanpehetrbe 1 732694
Improvement 1
YHanpeherbe 2 478286

Improvement 2
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HauvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

HavvoHanHa Tunonoruja:
National typology: E4 E4
3acTynsbeHoCT Tna bpoj srpapa 4337 0.19%
Frequency of building type Number of buildings
bpoj ctaHoBa 101130 3.18%
Number of dwellings
MoepwwuHa [M?] 17481251 6.03 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | lNocTtojehe cTarbe 2394931 3.67 %
[MWh/ roanwse] Current condition
Energy needed for heating
IMWh/ an] YHanpehetrbe 1 1363538
Improvement 1
YHanpehetbe 2 1048875
Improvement 2
HavvoHanHa Tunonoruja:
National typology: ES E5
3acTynsbeHoCT Tna bpoj srpapa 1876 0.08 %
Frequency of building type Number of buildings
bpoj ctaHoBa 26639 0.84 %
Number of dwellings
MoepwwuHa [M?] 3154044 1.09 %
Living space [m?]
Enepruja noTpebHa 3a rpejare | NocTtojehe cTarbe 498339 0.76 %
[MWh/ roanwtse] Current condition
Energy needed for heating
IMWh/ an] YHanpeherbe 1 255478
Improvement 1
YHanpehetbe 2 145086
Improvement 2
HaunoHanHa tvnonoruja:
National typology: E6 E6
3acTynsbeHoCT Tina bpoj 3rpaga 415 0.02 %
Frequency of building type Number of buildings
bpoj ctaHoBa 30005 0.94 %
Number of dwellings
MosplwuHa [m?] 2418507 0.83%
Living space [m?]
EHepruja notpebHa 3a rpejatbe | MocTtojehe cTarbe 324080 0.50 %
[MWHh/ roguiutbe] Current condition
Energy needed for heating
IMWh/ an] YHanpehetbe 1 125762
Improvement 1
YHanpebherbe 2 72555

Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

®1F1

3acTyn/beHoCT Thna bpoj srpana 386958 1723 %
Frequency of building type Number of buildings
bpoj cTaHoBa 435469 13.67 %
Number of dwellings
MospwnHa [m? 34331187 11.84 %
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTarbe 11638272 17.82 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpeherbe 1 3673437
Improvement 1
YHanpehetse 2 2540508
Improvement 2
HaumnoHanHa Tvnonorwja:
National typology: (D2 F2
3acTyn/beHoCT TMna bpoj 3rpaga 19768 0.88 %
Frequency of building type Number of buildings
bpoj cTaHoBa 22951 0.72 %
Number of dwellings
MospwuHa [m? 2121357 0.73%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 462456 0.71 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpeherbe 1 303354
Improvement 1
YHanpehetse 2 156980
Improvement 2
HauvioHanHa Tunonoruja:
National typology: q)3 F3
3acTyn/beHoCT TMna bpoj 3rpaga 7837 0.35%
Frequency of building type Number of buildings
bpoj ctaHoBa 96395 3.03%
Number of dwellings
MospwuHa [m?] 10867713 3.75%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | Moctojehe cTarbe 1369332 2.10%
[MWh/ roguitbe] Current condition
Energy needed for heating
(MWh an] YHanpeherbe 1 847682
Improvement 1
YHanpeherbe 2 456444

Improvement 2




HauvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

HauuoHanHa Tvnonoruja:
National typology:

D4 F4

3aCTyn/beHoCT Tna bpoj 3rpapa 4176 0.19 %
Frequency of building type Number of buildings
bpoj ctaHoBa 79162 2.50%
Number of dwellings
MospwwuHa [M?] 15936685 549 %
Living space [m?]
Enepruja notpebHa 3a rpejare | MocTojehe cTare 2023959 3.10%
[MWh/ roputurse] Current condition
Energy needed for heating
MWh/ an] YHanpeherse 1 1370555
Improvement 1
YHanpehetbe 2 844644
Improvement 2
HaumoHanHa Tvnonoruja:
National typology: q)s F5
3aCTyn/beHoCT Tna bpoj 3rpapa 2024 0.09 %
Frequency of building type Number of buildings
bpoj ctaHoBa 25907 0.81 %
Number of dwellings
MospwwnHa [M?] 3401177 1.17 %
Living space [m?]
Enepruja notpebHa 3a rpejare | MocTojehe cTare 397938 061 %
[MWh/ roputurse] Current condition
Energy needed for heating
MWh/ an] YHanpeherbe 1 306106
Improvement 1
YHanpehetbe 2 234681
Improvement 2
HaunoHanHa tvnonoruja:
National typology: (D6 F6
3acTynsbeHoCT Tina bpoj 3rpaga 163 0.01 %
Frequency of building type Number of buildings
bpoj ctaHoBa 11084 0.35%
Number of dwellings
MoepwuHa [m?] 815053 0.28%
Living space [m?]
EHepruja notpebHa 3a rpejarbe | MocTtojehe cTarbe 101882 0.16 %
[MWHh/ roguiutbe] Current condition
Energy needed for heating
[MWh an] YHanpehere 1 47273
Improvement 1
YHanpehehe 2 30972

Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

M G1

3acTyn/beHoCT Thna bpoj srpana 252884 11.26 %
Frequency of building type Number of buildings
bpoj cTaHoBa 291304 9.15 %
Number of dwellings
MospwnHa [m? 23129363 7.97 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 5551047 8.50 %
[MWh/ roguiitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 1827220
Improvement 1
YHanpehetse 2 1526538
Improvement 2
HauvoHanHa Tunonoruja:
National typology: r2 Gz
3acTyn/beHoCT TMna bpoj 3rpaga 12567 0.56 %
Frequency of building type Number of buildings
bpoj cTaHoBa 13679 043 %
Number of dwellings
MospwnHa [m? 1449853 0.50 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 230527 0.35%
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 178332
Improvement 1
YHanpehetse 2 159484
Improvement 2
HauvoHanHa Tunonoruja:
National typology: r3 G3
3acTyn/beHoCT TMna bpoj 3rpaga 6757 0.30 %
Frequency of building type Number of buildings
bpoj ctaHoBa 75003 2.35%
Number of dwellings
MospwuHa [M?] 8362188 2.88%
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTakbe 652251 1.00 %
[MWh/ rogutbe] Current condition
Energy needed for heating
(MWh an] YHanpehetrbe 1 418109
Improvement 1
YHanpeherbe 2 284314

Improvement 2
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HauuoHanHa Tunonoruvja y 6pojesnma

National Typology in figures

HavvoHanHa Tunonoruja:
National typology: r4 G4
3acTynsbeHoCT Tna bpoj srpapa 2971 0.13%
Frequency of building type Number of buildings
bpoj ctaHoBa 38920 1.22 %
Number of dwellings
MoepwwuHa [M?] 10410747 3.59%
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | lNocTtojehe cTarbe 884913 1.35%
[MWh/ roanwse] Current condition
Energy needed for heating
IMWh/ an] YHanpehetrbe 1 707931
Improvement 1
YHanpehetbe 2 458073
Improvement 2
HavvoHanHa Tunonoruja:
National typology: r5 GS
3acTynsbeHoCT Tna bpoj srpapa 3277 0.15%
Frequency of building type Number of buildings
bpoj ctaHoBa 37686 1.18 %
Number of dwellings
MoepwwuHa [M?] 4987582 1.72%
Living space [m?]
Enepruja noTpebHa 3a rpejare | NocTtojehe cTarbe 473820 0.73 %
[MWh/ roanwtse] Current condition
Energy needed for heating
IMWh/ an] YHanpeherbe 1 374069
Improvement 1
YHanpehetbe 2 319205
Improvement 2
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A period before 1919
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MopopmnuHa cnobogHoctojeha Kyha

CnnuHm objekTy
Similar buildings

ooo oo
I:ll:l <! o

2 A

Free-standing family house

KaTeropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
foanHa n3rpage npe 1919. Year of construction before 1919
Bpoj eTaxa 1 (Mp) Number of floors 1 (GF)

Bpoj cTaHoBa 1 Number of apartments 1

MospuwnHa (M?) HeTo rpejaHa 60 Area (m?) Net heated 60

3anpemuHa (m?) HeTo rpejaHa 150 Volume (m?3) Net heated 150

Mpu3emHa Kyha KoMNaKTHe NpPaBoyraoHe OCHOBE, Ca
Manvm 6pojem pacagHux otBopa. Kpos je nnuTak, yeTso-
POBO/IHW, 1 TaBaHCKM MPOCTOP Ce He KOpUCTY 3a bopa-
Bak. OB6MMHWM 310BM Cy Hajuewhe paheHu y 6oHAPYY-
HOM CucTemy (Ca MCMyHOM of 4YaTtMme) uiav of Haboja.
3aBplHa obpafa je mantep, 0bnYHO 6e3 1kakee Gpacaj-
He MNacTUKe UKW Ca CKPOMHKM YKpacrma. KoHCTpyKLUMja
npema TaBaHy (v CyTepeHy Kafia NoCToju) je ApBeHa, ca
MCMyHOM Of 3eMrbe. [1pO30PCKM OTBOPU CY jeAHOCTPYKMY,
APBEHM, 3aCTaK/bEHW jeJHOCTPYKMM CTaK/IOM.

54

A ground floor house with a compact rectangular
floor plan and a low window-to-wall ratio. It has a shal-
low hipped roof and an unheated attic. The external
walls were usually built of rammed clay or in post and
petrail technique with wattle and daub infill. The facades
were rendered, usually with little or no plasterwork orna-
ments. The ceiling construction to the loft (or the base-
ment, if any) is wooden with earth infill. The wooden
windows are single-framed with single glazing.



A —nepuopg npe 1919. A — period before 1919

MNopofnyHa kyha ca KOHCTPyKLMjom dacagHUX 3Mao-
Ba M3BefjeHOM Yy OOHAPY4YHOM cucTemy 6e3 ynoTpe-
6e Tepmomzonauuje. Kyha ce He rpeje y Lenoctu v Ha
TepMOrpamy Ce jaCHO MOXe BUAETU rpejaHu — [eCHW Ae0
Ha KOMe je yousrbKBa pBeHa CTPYKTypa dacagHor 3unaa.
[PUMETHY Cy M3Pa3nTK rybuLmM TONNOTE Y 30HK NPO30pa
3aCTaK/beHMX jeJHOCTPYKUM CTaKNOM 1, y MaHem 0bumy,
KpO3 314,

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
351

A family house with uninsulated facade walls built
in the post and petrail construction system. The house
is not entirely heated; the thermal image distinguishes
the heated section on the right with the visible wood-
en structure of the facade wall. There is extensive heat
loss at single-glazed windows and, to a smaller extent,
through the wall.

Energy class of building — existing state

Q,,, kWh/(m?a)]
263

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbn 3ug

External Wall

U (W/m?K)

lNoa Ha Ty

Ground Floor

U (W/m?K)

MocTojehe cTarbe Present state

{8

YHyTpa Inside
Cnosba Outside

Mantep 3cm, xopu3. 4pB. neTse 2cm, APB.
cTy6 8/10cm Ha 100cm ca ucnyHom o
6nata 1 cname 10cm, Xopu3. ApBEHE NeTBe
2cm, Mantep 3cm

plaster 3cm, horizontal batten 2cm, wooden
post 8/10cm at 100cm distance with mud

and straw infill 10cm, horizontal batten 2cm,

plaster 3cm

0.96

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTtep 3 cm, Xopwi3. ApB. NeTse 2cm, ApPB.
cTy6 8/10cm Ha 100cm ncnyHa o 6nata

1 cname 10cm, xopu3. fpBeHe netse 2cm,
Tepmou3onauuja (Tpcka) 5cm, mantep 3cm
plaster 3cm, horizontal batten 2cm, wooden
post 8/10cm at 100cm distance with mud
and straw infill 10cm, horizontal batten 2cm,
thermal insulation (reed) 5cm, plaster 3cm

0.36

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 3 cm, xopw3. ApB. NeTse 2cm, ApB.
cTy6 8/10cm Ha 100cm ucnyHa o 6nata

1 cname 10cm, xopw3. ipBeHe neTse 2cm,
Tepmow3. 20cm, mantep 1cm

plaster 3cm, horizontal batten 2cm, wooden
post 8/10cm at 100cm distance with mud
and straw infill 10cm, horizontal batten 2cm,
thermal insulation 20cm, plaster Tcm

0.18

YHyTpa Inside

Cnosba Outside

oneka 6,5cm, WwibyHak 10cm, HabujeHa
3emsba 15cm

brick 6.5cm, gravel 10 cm, rammed earth
15cm

0.68

YHyTpa Inside

Cnorba Outside

KIVHKep nnoyuue 1.2cm, LeMeHTHa
KoLLysbKLa 4cm, TepMomr3sonaLmja 5cm,
xuapowusonauymja 0.1cm,

6eToH 8cm, WibyHak 10cm

clinker tiles 1.2cm, cement screed 4cm,
thermal insulation 5cm, hydro insulation
0.1cm, concrete 8cm, gravel 10cm

033

YHyTpa Inside
[

Cnosba Outside

KNVHKep nnoyuue 1.2cm, LemeHTHa
Kouysbuua 4cm, Tepmomnsonauuja 10cm,
xuaponsonauuja 0.1cm,

6eToH 8cm, WibyHak 10cm

clinker tiles 1.2cm, cement screed 4cm,
thermal insulation 10cm, hydro insulation
0.1cm, concrete 8cm, gravel 10cm

0.21




A - nepuopg npe 1919. A — period before 1919

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUMja ncnoga
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mZK)

MocTojehe cTarbe Present state

Cnoma Outside

YHyTpa Inside

HabvjeHa 3emrba 6CM, ApBEHE TaBarbaue
10/12cm Ha 80cm / 6nato +apBeHe netee +
Cn10j Ba3Ayxa, TplYaHu nnadoH 5cm
rammed earth 6 cm, wooden rafters
10/12cm at 80cm / mud + batten + air layer,
straw-plaster ceiling 5cm

0.77

YHanpehetbe 1 Improvement 1

Cnosa Outside

YHyTpa Inside

Tepmownsonaumja 10cm, gpseHe
TaBarbaye 10/12cm Ha 80cm /
TepMousonauuja+apeeHe netse +cnoj
Basayxa, TpLwyanHu nnadoH 5cm

thermal insulation 10cm, wooden rafters
10/12cm at 80cm / thermal insulation +
batten + air layer, straw-plaster ceiling 5cm

0.20

YHanpeherbe 2 Improvement 2

Cnoma Outside

YHyTpa Inside

Tepmomsonaumja 24cm, apsBeHe
TaBarbaye 10/12cm Ha 80cm /
Tepmousonauuja+apeeHe netse +cnoj
Ba3/zlyxa, TPLYaHW nnadoH 5cm

thermal insulation 24cm, wooden rafters
10/12cm at 80cm / thermal insulation +
batten + air layer, straw-plaster ceiling 5cm

0.13
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Cknomnosu Tepmmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)
YnasHa BpaTta

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

Ly
\41

[IpBEHW jefHOCTPYKY Ca jenHOCTPYKIM
CTak/IoM

Wooden, single frame with single glazing

4.60

YHanpeherbe 1 Improvement 1

L =
il

[lpBeHn ca ABOCNOjHIM V30MaLUMOHIM
HMCKOEMUCMOHUM CTaK/0-NakeToOM
NCMYHEHVIM MHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHWM CTaKNo-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

1.00

[pBeHa, Kpuno o nyHor apeeTta

Wooden, solid wood leaf

3.00

)JpBeHa, KpWnio Ca TepMoun3onalnoHom
NCMyHOM

Wooden, insulated leaf

1.50

)J.pBeHa, KpWio ca TepMonsoauMoHom
MCIyHOM

Wooden, insulated leaf

1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwheha
cucTema rpejarba
Heating system
efficiency factor

MojeanHauxe nehu Ha apsa

Single wood stove

0.50

LleHTpanHm cuctem rpejarba Ha ApBa/nenert,
MUPONUTIYKI KOTAO Ca akymMynaTopoM Bofe
3a rpejatbe

Central heating with a biomass boiler for
pellets or logs, wood gasification boiler with
a buffer tank

0.85 |

LleHTpanHu cuctem rpejarba ca TOMNOTHOM
MyMMom Basfyx/Boaa

Central heating with an air/water heat pump

| 3.00




A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Hema 6ojnepa LleHTpanHu cuctem npunpeme LleHTpanHwm cuctem npunpeme
- TOMme CaHWUTapHe BOAE NOBE3aH Ca TOM/Ee CaHUTapHe Bofe NoBe3aH ca
No boiler CUCTEMOM rpejarba CUCTEMOM rpejarba
Central supply with a domestic Central supply with a domestic
hot water - DHW cylinder in hot water - DHW cylinder in
combination with a heat generator combination with a heat generator

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpehetse 2

Improvement 2

V13onoBate dacagHMx 31AoBa Maodama of TPCKe ca Crosballkbe CTpaHe. Yknaware noctojeher v v3pafja HOBOT noja Ha Ty ca
TEPMOM30/1aLMOHKM CNojeM. PEKOHCTPYKLIMja XOPU3OHTaSTHE KOHCTPYKLMje NpemMa HerpejaHoM TaBaHy ofjaBatbem TepMowvsonaLyje. Yrpasroa
HOBWX [JPBEHIX MPO30Pa Ca ABOC/IOJHAM U30NALMOHMM HUCKOEMUCHMOHM CTaKNO-MaKeTOM. Yrpafrba HOBUX APBEHUX TEPMOM3ONOBAHNIX
Bpata. ® VIHCTanaumja LEHTPanHor cucTema rpejarba 1 npunpeme Tornse CaHUTapHe BOAE Ca MMPOAUTUYKMM KOTIOM BUCOKOT CTereHa
nckopuwhersa. HuckotemnepatypHim CUCTeM rpejarba ca M30M10BaHMM LIEBHVIM BOAOBVIMA U BDEMEHCKIM/TEMMNePaTyPHIM perynatopuma.
External insulation of facade walls with reed board panels. Replacement of the existing with a new ground floor containing a thermal
insulation layer. Reconstruction of the floor construction to the unheated attic by adding thermal insulation. Installation of new wooden
windows with double-glazed low-emissivity glass unit. Installation of new, thermally insulated, wooden doors. ®  Central heating and
domestic hot water supply with high efficient wood gasification boiler. Low temperature heating system with insulated pipes and time and
temperature programmable control unit.

/130n0Batse pacapHvx 3Ma0Ba NioYama ofy MUHepasnHe ByHe ca Crosballitbe CTpaHe. Yknarbarbe noctojeher v n3papa HoBOr nofa Ha Ty ca
TEPMOM30M1aLMOHKM Cojem. PEKOHCTPYKLMja CllojeBa TaBaHWLIE NPema HerpejaHoM TaBaHy ca JoAaBarbeM TePMOM30NaLMOHOr Cnoja. Yrpaarba
HOBMX NPo30pa of INBLL npodrna ca TpOCNOjHM N30NALMOHM HUCKOEMUCHIOHM CTaKO0-NAKETOM. YrpajHba HOBUX TEPMOM3ONOBaHYIX BpaTa.
® VlHCTanauwja UeHTpanHor crcteMa rpejarba U nprnpeme Tore CaHUTapHe Boje Ca TOMIOTHOM MyMMOM Basfyx/Bofa Kao reHepaTtopom
TonnoTte. HuckoTemnepaTypHM CUCTEM rpejarba Ca M3010BaHUM LIEBHUM BOLOBUMA U BPEMEHCKMM/TeMNepaTypHIM perynatopuma.

External insulation of fagcade walls with mineral wool panels. Replacement of the existing with a new ground floor construction containing
a thermal insulation layer. Reconstruction of layers of the floor construction to the unheated attic with addition of a thermal insulation layer.
Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors. ®  Central
heating and domestic hot water supply with air/water heat pump as a heat generator. Low temperature heating system with insulated pipes
and time and temperature programmable control unit.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 90 90 90
enemeHara TepM1YKor |
omoTaya 3rpage 80 I 80 80
- 70 70 70
Heat loss through the I
thermal envelope 60 I 60 60
[W/K] 50 I 50 50

40 I i 40 40

30 I I 30 i 30

20 20 20

10 = I 10 I i 10 i

1.2 3 4 5 1.2 3 4 5 1.2 3 4 5

1 - Cnosaltby 31, 2 —T1po3opw, 3 —Bpata, 4 — MehycnpaTtHa KOHCTPYKUMja Ka HerpejaHom TagaHy, 5 —llog Ha Ty

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

1 — External wall, 2 —=Windows, 3 — Doors, 4 — Floor construction to unheated attic, 5 — Ground floor
[KWh/m?/ roguiitse]
[kWh/m?/ year]

‘ 162 (62%)’ 191 (73%)
EHepreTcki paspes

- | ) I

Energy class

®uHanHa eHepruja

Final ene. [ ews ] [em | [Fser ]
& e (N

[ O [ R
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejarba — eHepreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1

EHepruja noTpebHa 3a
rpejarbe

Heating energy
demand

[KWh]

EHepreHT

Hpeo
Wood

Fuel [pBo

Wood

[NpumapHa eHeprija

Primary energy

[KWh]

3050
80%

Emncmja CO,
CO, emission 0
(kal

[oTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
N TEPMOTEXHUYKINX
mepa

. 77%
Energy consumption

after refurbishment
measures

A - nepuog npe 1919. A — period before 1919

YHanpehetbe 2 Improvement 2

[ A A A O
50 100%

.1520
(|) |

EnexkTpruHa eHepruja
Electricity

100%

5%

95%
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A2
A2

MopopamnyHa Kyha y Hu3y

CnnyHu 06jekTn
Similar buildings

)

I:ll:l < o

Family house in a row

Kateropuja NMOPOAMNYHO CTaHOBaHE Category family housing
foanHa U3rpaare npe 1919. Year of construction before 1919
bpoj eTaxa 1 (Mo+Mp) Number of floors 1 (B+Gf)

bpoj ctaHoBa 1 Number of apartments 1

MoepuwuHa (M?) HeTo rpejaHa 130 Area (m?) Net heated 130
3anpemuHa (m?) HeTo rpejaHa 370 Volume (m?) Net heated 370

Mpun3emHa Kyha ocHose y 06nuKy cnosa " Koje
bopmmpajy ynnmuHu 1 ABOpUWHK Aeo objekTa. [BoBOA-
HW KPOB MpaTu reoMeTpujy OCHOBE, @ TaBaHCKN MPOCTOP
Ce He KopuCTK 3a 6bopasak. GacagH 31L0BM Cy Of NyHe
oneke, caMano oTBopa. 3aBpluHa obpaga je manTep, 4ecTo
Ca MAUTKOM MAACTUKOM Ha YIMYHOj CTpaHu. [po3opu cy
APBEHY, ABOCTPYKM Ca pa3MakHyTUM Kpuiavma (Wmpo-
Ka KyTuja), 3aCTak/beHn jeIHOCTPYKMM CTaknoM. Bpeme-
HOM Cy yrpah1BaHu pasnuumnTi CNOSbHA UK YHYTPaLWH M
3aCTOpW Kao 3aliTuTa of CyHLa.

An L-shaped ground floor house with one wing
following the street front and the other turned to the
yard. A pitched roof follows the geometry of the floor
plan. The attic is unheated. The facade walls built of solid
brick have a low window-to-wall ratio. Mortar was used
for external rendering, frequently with shallow plaster-
work on the street facade. The wooden double-framed
casement windows have single glazing. In time, a variety
of external or internal shades have been added.



A —nepuopg npe 1919. A — period before 1919

MNopoanuHa Kyha ca v3pasnTo MacMBHUM, XOMore-
HUM, GacagHUM 3KOBMMA Off Oneke 6e3 Tepmou3ona-
umje. Tepmorpam npuKasyje CekyHaapHO 3arpeBarbe of
CYHUEBOr 3paverba Ca HajBeNM MHTEH3UTETOM Yy 30HU
KpoBa Kao M dacagHum wvcnyHama mamehy nposopa.
[lenosu 3upa v3Hag 1 MCNoA Npo3opa Cy 6ojeHu ceeT-
nomM pednekcrBHOM 00joM LUTO 3a Pe3ynTaT UMa Makbe
TONNOTHE [o6UTKe. [PUMETHY Cy ry6u1Lm TONOTE Y 30HM
NPO30PCKMX OTBOPA.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel
446

(%]

A family house with massive, homogeneous fagade
brick walls without thermal insulation. The thermal
image reveals secondary heat gains resulting from solar
radiation, mostly in the zones on the roof and facade
portions between windows. The wall segments above
and below windows are painted in light reflexive paint
resulting in less heat gains. There are noticeable heat
losses at window openings.

Energy class of building - existing state

Q,,, kWh/(m?a)]
312

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)
3uf Ka cycepy

Wall to the Adjacent
Building

U (W/m?K)

31A Ka HerpejaHom
npocTopy

Partition Wall
to Unheated Area

U (W/m?K)

64

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

manTep 2cm, 31 of oneke 44cm,
Mantep 3cm

plaster 2cm, brick wall 44cm, plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA Of oneke 44cm,
ManTep 3cm, Tepmousonauuja 10cm,
mMantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 31f Of oneke 44cm,
manTep 3cm, Tepmomsonauuja 20cm,
mantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

1.10 0.26 0.15
[ (9] (] [} [
) ) ) o )
2 B 2 E 2
© O © O ©
2 3 2 © 2
z 5 5 z
= S = e =

(@] (@}
ManTtep 2cm, 31A of oneke 44cm HEMA N3MEHA FMNC KapTOHCKe nnoye 1.25cm,
- - TepmMousonauuja 5cm, Mantep 2cm,
plaster 2cm, brick wall 44cm NO CHANGES 31 0[] oneke 44cm

gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 44cm

1.10 1. 041
[ () () [} [
© © °© ° °
= B = 2 =
© O © O ©
e © 2 © I
2 5 2 5 £
> 8 > 8 >

@] (@}

ManTep 2cm, 3ua o4 oneke 29 cm,
Mantep 2cm

plaster 2cm, brick wall 29cm, plaster 2cm

1.33

ManTep 2cm, 314 of oneke 29 cm,
ManTep 2cm, Tepmovrsonaumja 5cm,
manTep 2cm

plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 5cm, plaster 2cm

045

Cnosba Outside

ManTep 2cm, 3va o4 oneke 29 cm,
manTep 2cm, Tepmousonaumja 10cm,
rMNC KapToOHCKe nnove 1.25cm

plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 10cm, gypsum board
1.25cm

0.27




A - nepuopg npe 1919. A — period before 1919

CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MebycnpaTHa
KOHCTPYKLMja ncnoga
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mK)
MehycnpaTHa
KOHCTPYKLUWja 13Hag
HerpejaHor nogpyma

Floor Construction

to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
o ere—

Cnorba Outside

NnapkeT 2,2cm, flacke 2cm, ipBEHe neTse
8/5cm Ha 50cm + ncnyHa oA nenena,
HabwujeHa 3emrba 20cm

parquet 2.2cm, wooden subfloor 2cm,
sleepers 8/5cm at 50cm in ash bedding,
rammed earth 20cm

0.66

YHanpeherbe 1 Improvement 1

YHyTpa Inside

. W

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.66

Cnorba Outside
YHyTpa Inside

[acke 5cm, fpseHe rpege 16/20cm
Ha 90cm / Ba3gyx 20cm, TplyaHy nnadoH 5cm

plank 5cm, wooden rafters 16/20cm at
90cm distance / air 20cm, straw-plaster
ceiling 5cm

0.60

Cnorba Outside

YHyTpa Inside

[lacke 5cm, fpseHe rpede 16/20cm

Ha 90cm / Tepmowzonaumja 20cm, TpLuyaHm
nnadoH 5cm

plank 5cm, wooden rafters 16/20cm at 90cm
distance / thermal insulation infill 20cm,
straw-plaster ceiling 5cm

0.20

YHyTpa Inside

Cnosba Outside

NapKeT Ha flenky 2cm, 6eToHCKa nnoda
15cm, cBoa o oneke 14cm

parquet 2cm glued, concrete slab 15cm,
brick vault 14cm

1.44

YHyTpa Inside
/\

Cnorba Outside

NapKeT Ha nenky 2cm, 6eToHCKa nnoya
15cm, ceog o oneke 14cm,
Tepmomsonauuja 10cm, mantep 1cm
parquet 2cm glued, concrete slab 15cm,
brick vault 14cm, thermal insulation 10cm,
plaster Tcm

0.30

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

NapKeT 2.2cm, UeMeHTHa Kowyrbuua 5cm,
Tepmowmsonaumja 10cm, xmgpowusonaumja
1cm, 6eToH 10cm, wibyHak 10cm

parquet 2.2cm, cement screed 5cm, thermal
insulation 10cm, hydro insulation Tcm,
concrete 10cm, gravel 10cm

0.22

Cnosba Outside

YHyTpa Inside

Tepmovzonaumja 20cm, facke 5cm,

npseHe rpege 16/20cm Ha 90cm /
Tepmonzonaumja 20cm, TpLUaH1 nadoH 5cm
thermal insulation 20cm, plank 5cm,
wooden rafters 16/20cm at 90cm distance /
thermal insulation infill 20cm, straw-plaster
ceiling 5cm

0.09

YHyTpa Inside

Cnosba Outside

NapKeT Ha flernky 2cm, 6eToHCKa nnova
15cm, cBoa oa oneke 14cm,
Tepmonsonaumja 20cm, mantep 1cm

parquet 2cm glued, concrete slab 15cm,
brick vault 14cm, thermal insulation 20cm,
plaster Tcm

0.17
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Cknomnosu Tepmmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa BpaTta

Entrance door

U (W/m?K)

CncTem 3arpeBarba
npocTopuja

MocTojehe cTarbe Present state

L]
1'1‘"‘1

[pBeHW, ABOCTPYKM Ca pa3MakHyT!M
Kpuirma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKknom

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

e
- .

[lpBeHn ca ABOCNOjHIM V30MaLUMOHIM
HVWCKOEMUCMOHUM CTaK0-MaKeToOM
NCMYHEHVIM MHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

)i
- .

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHWM CTaKNo-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

3.50 1.50 1.00
[lpBeHa, Kpuno of nyHor apeeTa HEMA 3MEHA [pseHa nnw MBL, kpuno ca
- - TEPMON30/1alMIOHOM NCITYHOM
Wooden, solid wood leaf NO CHANGES -
Wooden or PVC, insulated leaf
3.30 3.30 1.60
Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system
- -

Heating system

CreneH nckopuwheha
cucTema rpejarba
Heating system
efficiency factor

MojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHu cuctem rpejara,
HUCKOTeMNepaTypPHU KOTao Ha 3eMHU rac
(BapwjaHTa - KOTao Ha jpBo/neneT)

Central heating with a low temperature gas

boiler (option - biomass boiler for pellets
orlogs)

0.90

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHM KOTa0 Ha 3eMHM rac
(BapwujaHTa - KOTao Ha fpBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)

1.03




A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
! 7
i S

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHu cuctem npunpeme

- Tonne CaHMTapHe BOAE NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH

Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Batbe GacafiHMX 31AOBA KOHTAKTHOM TEPMOM30MaLUMOHOM GacafioM. VI30MoBarbe YHYTPalHbIX 31A0BA Ka HEerpejaHoM mpocTopy.
/13010Batbe XOPU3OHTANHWX  KOHCTPYKLMja Npema HerpejaHom TasaHy Vi NMOAPYMY. Yrpaftea HOBWX APBEHMX NPO30pa Ca ABOCIOJHUM
30M1aLMOHNM HUCKOEMMUCMOHUM CTako-NakeTom.  ®  VIHCTanauwmja LeHTpanHor cuctema rpejarba 1 npunpeme Torse CaHWTapHe BOAe
Ca HUCKOTeMMepaTyPHUM KOT/IOM Ha 3eMHU rac. HickotemnepaTypHu CUCTEM rpejatba Ca M30N10BaHVM LIEBHIM BOOBMMA U BDEMEHCKINM/
TemMnepaTypHUM perynaTopmma.

Thermal insulation of facade walls with a contact facade system. Insulation of interior walls to unheated areas. Insulation of floor
constructions to the unheated basement and attic. Installation of new wooden windows with double-glazed low-emissivity glass unit.
® (entral heating and domestic hot water supply with a low temperature gas boiler. Low temperature heating system with insulated pipes
and time and temperature programmable control unit.

130n0Batbe GpacafHyix 31a0Ba KOHTAKTHOM TePMOU30aLMOHOM pacafom. /130n10Barbe 3MA0Ba Ka CycefHVM 06jeKTrMa Ca yHyTpallikbe CTpaHe.
V3onoBatbe yHyTpaLlkbyX 3140Ba NPeMa HerpejaHoM NpocTopy. M3pafga HOBOr mofa Ha Ty. V13onoBarbe XOPU3OHTaNHKX KOHCTPYKLWja
npema HerpejaHoM TaBaHy 1 NOAPYMy. Yrpadra HOBIUX Npo3opa oA MBL npoduna ca TPOCNOJHM M3013LMOHMM HUCKOEMUCHOHIM CTaKo-
naKkeToM. Yrpafitba HOBVIX TEPMOW30/10BaHMX BpaTa. @ VHCTanauuja LleHTpanHor cuctema rpejarba U npunpeme Tomnse caHUTapHe BOAe Ca
KOH[EH3aLMOHMM KOT/IOM Ha 3eMHU rac. VIHCTanauuja AonyHCKOr CUcTemMa CoNapHIX KONeKTopa 3a NoApLUKY Y Npunpemi Tornne caHuTapHe
BOZE.

Thermal insulation of facade walls with a contact facade system. Internal insulation of the walls to the adjacent buildings. Insulation of
interior walls to unheated areas. Installation of a new ground floor construction. Insulation of floor constructions to the unheated basement
and attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors.
® Central heating and domestic hot water supply with a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 180 180 180
enemeHara TepM1YKor
omoTaua 3rpage 160 160 160
- 140 140 140
Heat loss through the
thermal envelope 120 I 120 120
[W/K] 100 I 100 100
80 I 80 80
60 i I 60 i 60
40 40 40
20 I I 20 I I [ | pI -
iCAEn NRRRCENR MEGRDEnd
12 3 4 5 6 7 8 1 2 3 4 5 6 7 8 12 3 4 5 6 7 8

1 - Cnosmaltby 31, 2 —Tpo3opu, 3 —BpaTa, 4 — 31 Ka CycejHOM 06jeKTy, 5 — 31z Npema HerpejaHom NpocTopy,
6 — MehycnpaTHa KOHCTPYKUMja Ka HerpejaHom TaBaHy, 7 — MehycnpaTHa KOHCTPYKUWja M3Hag HerpejaHor noapyma, 8 — Moa Ha Ty

1 - External wall, 2 —= Windows, 3 - Doors, 4 — External wall to adjacent building, 5 - Partition wall to unheated area,
6 — Floor construction to unheated attic, 7 — Floor construction to unheated basement, 8 - Ground floor

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce
Specific Heating Energy
demand per year 165 (53%)
[KWh/m?/ roguiitse]
e

218 (70%)

[kWh/m?/ year]

EHepreTcki paspes

Energy class

®uHanHa eHepruja

Final ener
o [ R N [ T e |

50 100% 0 50 100% 0 50 100%

o

[KWh]

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



A - nepuog npe 1919. A — period before 1919

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejarba — eHepreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarbe
Heating eneray [ ems ] [as3] [ 1203
demand [ A A Y A [ e O [ R N
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel [pBo lac lac
Wood Gas Gas

[NpumapHa eHeprija

Primary energy

[KWh]
15484
65%

Emncmja CO,

CO, emission 0

[ T Y B
0 50 100% 0 50 100%

74% 85%

O —
w1
o
o
3
=

(kal

[oTpowrba eHepruje

3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
N TEPMOTEXHUUKIX
mepa

Energy consumption
after refurbishment
measures
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A3
A3

CrambeHa cnobopgHocTtojeha 3rpaga

CnnyHu 06jekTn

Similar buildings
ooo
q E g O J<s0%
1 A
1
2 A

Free-standing residential building

Kateropuja BMLLENMOPOAVYHO CTaHOBarbe  Category multifamily housing
foanHa U3rpaare npe 1919. Year of construction before 1919

bpoj eTaxa 3 (Mo+Mp+1+T1k) Number of floors 3 (B+Gf+1+L)

bpoj ctaHoBa 6 Number of apartments 6

MoepuwuHa (M?) HeTo rpejaHa 250 Area (m?) Net heated 250

3anpemuiHa (m?) HeTo rpejaHa 750 Volume (m?) Net heated 750

CrambeHa 3rpafia KOMNaKTHE NpPaBOyraoHe OCHOBE Ca
penaTuBHO MAWUTKIMM YeTBOPOBOAHMM KPOBOM. [1oapym-
CKM MPOCTOp Ce He KOPWUCTW 3a HopaBak, [OK je Kof
BehnHe objekaTa HeWCKOpWWNEHN TaBaHCKM MPOCTOP
BpPeMeHOM afanTupaH y cTambeHu. 3MAoBKM Cy MacUBHM,
31aHV MyHOM OMeKOoM CTapor GopmMaTa, ManTepucaHu y3
AMCKPeTHY dacafHy nnacTuky. MNposopu cy nojeamnHay-
HY, OWMeH3Mja Koje ofroBapajy HewTo Behoj cnpaTHoj
BUCUHW. MehycnpaTHe KOHCTPpyKLMje npema TaBaHy Cy
ApBeHe, A0K je 13Haa nofapyma Hajuelhe npyckn CBOA.
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A residential building with a compact rectangular
floor plan and a relatively low hipped roof. The basement
is unoccupied while the disused loft in most buildings
has been converted to a residential space. The massive,
solid old-format brick walls are rendered and display
discrete plasterwork. There are single window openings,
whose size corresponds to a relatively tall floor height.
The floor constructions to the loft are wooden while
those above the basement are usually Prussian vaults.



A —nepuopg npe 1919. A — period before 1919

CrambeHa 3rpafja ca M3pasnTo MAcMBHMM, XOMOre-
HUM, GacagHUM 3KOBMMA Off Oneke 6e3 Tepmou3ona-
Lmje. Tepmorpam npukasyje paBHoMepHe rybuTtke Tonsno-
Te Kpo3 dacasiHe 3MA0BE KOju Cy n3BefeHN be3 apMrpaHo
BETOHCKIMX CepKnaxa. [MoTKPOBHM NPOCTOP je HakHafHO
ycerbeH 1 TepMUUKI 130710BaH. KOHCTpyKUMja npo3opa
Ca NPUMETHVIM TOMIOTHUM TyorUMMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]

300

A residential building with massive, homogeneous
facade brick walls without thermal insulation. The ther-
mal image shows heat losses evenly distributed through
facade walls built without reinforced concrete ring
beams. The attic has been subsequently insulated and
converted for occupancy. Window constructions show
noticeable heat loss.

Energy class of building - existing state

Q,,, kWh/(m?a)]
210

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3ug 1

External Wall 1

U (W/m?K)

31[ Ka HerpejaHom
cTeneHuwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31A Ka HerpejaHom
CTeneHnLwTYy 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 44cm, mantep 2cm

plaster 2cm, brick wall 44cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonaumja 10 cm, mantep 1 ¢cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnospa Outside

ManTtep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonauuja 20 cm, mantep 1 cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

Cnosba Outside

1.12 0.26 0.15

i (9] (] [} [

° © ° © °

= 2 Z £ Z

£ s E= s =

£ 8 E | 3 £

T o] I o I

> c > c >

U ]

ManTep 2cm, oneka 29cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 29cm, mantep 2cm,

- - Tepmowusonaymja 5 cm, Mmantep 1 .cm

plaster 2cm, brick wall 29cm, plaster 2cm NO CHANGES -
plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

1.33 1.33 048

[} [} (5} (] (5}

© © © ° °

= g = g =

© O © @] ©

e © 2 © I

5 B 5 B

> 8 > 8 >

(@} ]

ManTtep 2cm, oneka 44cm, mantep 2cm HEMA M3MEHA ManTtep 2cm, oneka 44cm, mantep 2cm,

- - Tepmomsonaumja 5 cm, mantep 1 cm

plaster 2cm, brick wall 44cm, plaster 2cm NO CHANGES -
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

1.02 1.02 0.41




Cknonosu Tepmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

Koc kpos
(apanTaumja)

Pitched Roof
(Renovation)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

6pOACKM NOA 2CM, NMOTNATOCHULE Y NecKy
5-8 cm, Npyckw CBOA

wood decking 2cm, sleepers 8/5 in sand
bedding5-8cm, Prussian vault (14cm)

1.15

YHanpeherbe 1 Improvement 1

YHyTpa Inside

i i D

Cnorba Outside

6pPOLCKM MOA 2CM, NOTNATOCHWMLE Y NecKy
5-8 cm, Npyckn cBof, TepMou3sonaLmja

10 cm, mantep Tcm

wood decking 2cm, sleepers 8/5 in sand
bedding5-8cm, Prussian vault (14cm),
thermal insulation 10cm, plaster 1cm

0.28

Cnosba Outside

YHyTpa Inside

XrbebsbeHw Lper, netse (nonpeuro/
noay»KHO) Tep Nanwvp, aacke 2 cm, por
10/14cm Tepmomson. 10cm + Bazgyx 4cm,
ME donwja, rMnckapToHcKe nnode 1.25cm
clay roof tiles, battens, counter battens,
roofing paper, rafter 10/14cm at 80cm

distance, air 4cm + thermal insulation 10cm

infill, PE foil, gypsum boards 1.25cm

041

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

041

A - nepuopg npe 1919. A — period before 1919

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

6POACKM N 2CM, NOTNATOCHULE Y NecKy
5-8 cm, Npyckw CBOA, TepMowm3sonaumja 15 cm,
Mantep 1cm

wood decking 2cm, sleepers 8/5 in sand
bedding 5-8cm, Prussian vault (14cm),
thermal insulation 15cm, plaster 1cm

0.16

Cnosba Outside

YHyTpa Inside

XrbebsbeHw Lper, netse (nonpeuro/
noay»Ho), Tep nanmp, Aacke 2 cm, por
10/14cm, Tepmom3. 10cm + Baszayx 4cm,
ME donwja, Tepmomnszonaumja 15 cm,
rMNCKapToOHCKe nnoye 1,25cm

clay roof tiles, battens, counter battens,
roofing paper, rafter 10/14cm at 80cm
distance, air 4cm + thermal insulation
10cm infill, thermal insulation 15¢m, PE foil,
gypsum boards 1.25cm

0.18
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Cknomnosu Tepmmuykor omoTada Elements of the thermal envelope

Mpo3opu v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

L]
1'1‘"‘:

[pBeHM, ABOCTPYKM Ca PasMakHy UM
Kpuirma (W1poka KyTuja) 1 jeJHOCTPYKMM
CTak/om

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHIM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa HEMA M3MEHA MeTanHa, Kpuno ca TepMon301aLKOHOM
- - NCYyHOM
Wooden, solid wood leaf NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cuctemu rpejarba 1 npunpeme Tonse Boge Heating and hot water system

Cucrem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cucTeMa rpejarba
Heating system
efficiency factor

lNojeavHaure nehn Ha CTpyjy

Single electric stove

0.75

"

LleHTpanHu cuctem rpejarsa,
HUCKOTEMMePaTYPHM KOTAO Ha 3eMHU rac
(BapwjaHTa - KOTao Ha ApBo/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
orlogs)

0.90 |

LleHTpanHu cuctem rpejarba,
KOH[IEH3aLMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
orlogs)

| 1.03




A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
'./
1S
EnexTpuunu 6ojnep LleHTpanHu cuctem nprnpemve LleHTpanHu cuctem npunpene
- TOMMe CaHUTapHe Bofe nose3aH ca TOMNe CaHUTapHe Bofe nose3saH
Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM
- ConapH¥X KonekTopa
Central supply with a domestic -
hot water - DHW cylinder in Central supply with a domestic
combination with a heat generator hot water - DHW cylinder in

combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

130n0Batbe GacafiHUX 3MA0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. V3onoBarbe XOPU30OHTaNHE KOHCTPYKLUMjE V3Hah HerpejaHor
noapyma. Yrpafrba HOBKX GacafHWX APBEHVX NPO30pa Ca [BOCOJHVM M30MaLMOHUM HACKOEMUCHOHMM CTaKO-NakeToM. Yrpafrba HOBYX
KPOBHWIX anyMUHUjyMCKVX NPO30pa ca yHanpeheHrM TepMonpeKkmaom 1 ABOCIOJHUM M30AaLUMOHNM HACKOEMENCHOHMM CTaKNO-NaKeToOM.
® VIHCTanauvja UeHTpasHOr CUCTeMa rpejakba v NMpunpeme Tomne CaHUTapHe BOAE Ca HWUCKOTEMMNEPATYPHMM KOTJIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTeM rpejatba Ca M30510BaHUM LIEBHUM BOAOBIMMA V1 BPEMEHCKVM/TEMNEPATYPHIM Perynatoprima.
Thermalinsulation of fagade walls with a contact fagade system. Insulation of the floor construction above the unheated basement. Installation
of new wooden fagade windows with double-glazed low-emissivity glass unit. Installation of new aluminium roof windows with improved
thermal break and double-glazed low-emissivity glass unit. ® Central heating and domestic hot water supply with a low temperature gas
boiler. Low temperature heating system with insulated pipes and time and temperature programmable control unit.

/130noBatbe dacagHmnx 31MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM Gacafom. V130n0Batbe YHyTpaLUkbYX 3140Ba NpemMa HerpejaHom npoctopy
(xopHWK/cTeneHunwTe). [lofaTHO 130M0Bake KPOBHE KOHCTPYKLMjE Ca YHYTpallkbe CTpaHe. V30n0Batbe XOPM30HTalIHe KOHCTPYKUMje 13Hag
HerpejaHor nogpyma. Yrpaara HoBKx dacagHux npo3opa o NBLL npoduna ca TpocnojHUM M30MaLMOHMM HUCKOEMUCHMOHWM CTaKNO-NaKETOM.
Yrpafrba HOBUX KPOBHUX anyMUHWJyMCKMX MPO30pa ca yHanpeheHrm TepMOnpeKkMAOM U TPOCIOJHUM M30MaLMOHUM HUCKOEMUCUOHIM
CTakno-nakeTom. Yrpafka HOBMX METANHKX TEPMOM3ONOBaHYX BpaTa. ®  VIHCTanaumja LeHTpanHor cuctema rpejarba 1 npunpeme Tonsne
CaHWTapHe BOAE Ca KOHAEH3aLMOHMM KOT/IOM Ha 3eMHMW rac. MIHCTanauwmja 4OMyHCKOT CUCTeMa CONapHIUX KONeKTopa 3a NOAPLLKY Y npunpemn
TOMMe CaHUTapHe Boze.

Thermal insulation of facade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway). Additional
insulation of the roof construction from the inside. Insulation of the floor construction above the unheated basement. Installation of new
PVC facade windows with triple-glazed low-emissivity glass unit. Installation of new aluminium roof windows with improved thermal break
and triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. ® Central heating and domestic hot water
supply with a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 400 400 400
enemMeHata TepMUYKor
OMOTaua 3rpage 350 350 350
Heat loss through the 300 300 300
thermal envelope

250 250 250
[W/K]

200 200 200

150 150 150

100 100 100

50 i SOi i SOI
2 3 4 5 6 12 3 4 5 6 12 3 4 5

1 - Cnosaltby 31, 2 —TNpo3opu v 6ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 31j Ka HerpejaHom CTeneHunwTy,
5 — MebycnpaTHa KOHCTPYKLUWja M3Haa HerpejaHor noapyma, 6 —Koc kpos

1 6

1 — External wall, 2 = Windows and balcony doors, 3 - Entrance door, 4 — Wall to unheated staircase,
5 - Floor construction to unheated basement, 6 — Pitched roof
[kWh/m?/ year]

‘ 109 (52%) ' 145 (69%) .
EHepreTcki paspes

- | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ wes ] [ e ] REZN
& e ot

[ T [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



A - nepuog npe 1919. A — period before 1919

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepPreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lMNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarbe
Heating energy [ e ] [ ] [14277
R [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel EnexkTtpruHa eHepruja lac lac
Electricity Gas Gas
MpymapHa eHepritja 29093 16364
B 18% 10%
Primary energy
[KWh]
135792 148521
82% 90%
Emncmja CO,
[ A A Y A [ e O [ e O
] 0 50 100% 0 50 100% 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKINX
mepa

60% 77%

Energy consumption
after refurbishment
measures
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CrambeHa 3rpada Tmna JiaMersa

CnnyHu 06jekTn
Similar buildings

Oooo
000 J<so%
~ > 00

Residential building — lamela

Kateropuja BMLLENMOPOAVYHO CTaHOBarbe  Category multifamily housing
foanHa U3rpaare npe 1919. Year of construction before 1919

bpoj eTaxa 3 (Mo+Mp+1+T1k) Number of floors 3 (B+Gf+1+L)

bpoj ctaHoBa 6 Number of apartments 6

MoepuwuHa (M?) HeTo rpejaHa 250 Area (m?) Net heated 250

3anpemuiHa (m?) HeTo rpejaHa 800 Volume (m?) Net heated 800

CrambeHa namena wu3myxeHe OCHOBE Ca KOCUM
CNOXEHUM KPOBOM. [ToipyMCKM MPOCTOP Ce He KOPUCTU
3a bopasak, AoK je koa BehuHe objekaTta Henckopuwhe-
HV TaBaHCKM NPOCTOP BPeMeHOM afanTnpaH y cTambe-
HW. 31A0BM CY MacWBHMW, 31AaHN NMyHOM OMEeKoM CTapor
bopmaTa, ManTeprcaHn y3 AMCKPETHY dacaaHy NNacTuky.
[1po3opw cy nojefnHayHy, AMMEH3VMja Koje OAroBapajy
HewwTo Behoj cnpaTHOj BUCKHW. MehycnpaTHe KOHCTPYK-
upje Cy ApBeHe, OCUM M3HaA Noapyma rae je Hajuelwhe
NPYCKK CBOA.
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A residential lamela with an elongated floor plan
and a complex pitched roof. The basement is unoccu-
pied while the disused loft in most buildings has been
converted to a residential space. The massive, solid old-
format brick walls are rendered, with discrete plaster-
work. There are single window openings, whose size
corresponds to a relatively tall floor height. The floor
constructions to the loft are wooden while those above
the basement are usually Prussian vaults.



A —nepuopg npe 1919. A — period before 1919

CrambeHa namena ca W3pasnto MacMBHMM, XOMO-
reHum, dacagHUM 31a0BMMa Off Oneke 6e3 TepmMon3o-
naumje. Tepmorpam npuKasyje pPaBHOMEPHe ryouTke
TonnoTe Kpo3 dacajHe 31A0OBe Koju Cy M3BedeHW 6e3
apMmpaHo BeTOHCKYIX cepknaxa. [oTKPOBHM NPOCTop je
HakHaAHO YCe/beH M TEPMUYKHM 13010BaH. KOHCTpyKUWja
npo3opa ca NPUMETHNM TOIOTHUM ryOuLMMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
234

A residential lamela building with massive, homo-
geneous fagade brick walls without thermal insulation.
The thermal image shows heat losses evenly distributed
through facade walls built without reinforced concrete
ring beams. The attic has been subsequently insulated
and converted for occupancy. Window constructions
show noticeable heat loss.

Energy class of building - existing state

Q,,, kWh/(m?a)]
164

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

31[ Ka HerpejaHom
cTeneHuwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31A Ka HerpejaHom
CTeneHnLwTYy 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 44cm, mantep 2cm

plaster 2cm, brick wall 44cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonaumja 10 cm, mantep 1 ¢cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnospa Outside

ManTtep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonauuja 20 cm, mantep 1 cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

Cnosba Outside

1.12 0.26 0.19

i (9] (] [} [

° © ° © °

= 2 Z £ Z

£ s E= s =

£ 8 E | 3 £

T o] I o I

> c > c >

U ]

ManTep 2cm, oneka 29cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 29cm, mantep 2cm,

- - Tepmowusonaymja 5 cm, Mmantep 1 .cm

plaster 2cm, brick wall 29cm, plaster 2cm NO CHANGES -
plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

1.33 1.33 0.46

[} [} (5} (] (5}

© © © ° °

= g = g =

© O © @] ©

e © 2 © I

5 B 5 B

> 8 > 8 >

(@} ]

ManTtep 2cm, oneka 44cm, mantep 2cm HEMA M3MEHA ManTtep 2cm, oneka 44cm, mantep 2cm,

- - Tepmomsonaumja 5 cm, mantep 1 cm

plaster 2cm, brick wall 44cm, plaster 2cm NO CHANGES -
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

1.02 1.02 0.41




Cknonosu Tepmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

Koc kpos
(apanTaumja)

Pitched Roof
(Renovation)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

6pOaCKM Nod 2Cm, MOTMATOCHULE Y MEeCKy
5-8 cm, npycku ceop (14cm)

wood decking 2cm, sleepers 8/5 in sand
bedding5-8cm, Prussian vault (14cm)

1.15

YHanpeherbe 1 Improvement 1

YHyTpa Inside

i i D

Cnorba Outside

6pOoaCKM NOA 2CM, NOTNATOCHNLE Y
necky 5-8cm, npycku ceog (14cm),
Tepmomsonauuja 10cm, mantep Tcm
wood decking 2cm, sleepers 8/5 in sand
bedding5-8cm, Prussian vault (14cm),
thermal insulation 10cm, plaster 1cm

0.28

Cnosba Outside

YHyTpa Inside

XrbebsbeHw Lper, netse (nonpeuro/
noay»KHO) Tep Nanwvp, aacke 2 cm, por
10/14cm Tepmowsonaumja 10cm + Basgyx
4cm, ME donuja, rMnCKapToHCKe nioye
1.25cm

clay roof tiles, battens, counter battens,
roofing paper, rafter 10/14cm at 80cm

distance, air 4cm + thermal insulation 10cm

infill, PE foil, gypsum boards 1.25cm

041

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

041

A - nepuopg npe 1919. A — period before 1919

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

6POACKM N 2CM, NOTNATOCHULE Y NecKy
5-8¢cm, npycku ceoz (14cm), Tepmonsonalyja
15¢m, mantep 1cm

wood decking 2cm, sleepers 8/5 in sand
bedding 5-8cm, Prussian vault (14cm),
thermal insulation 15cm, plaster 1cm

0.21

Cnosba Outside

YHyTpa Inside

XrbebsbeHw Lper, netse (nonpeuro/
noay»Ho), Tep nanmp, Aacke 2 cm, por
10/14cm, Tepmomsonaumja 10cm + Basayx
4cm, MNE donuja, Tepmonsonauumja 15 cm,
rMNCKapToOHCKe nnoye 1,25cm

clay roof tiles, battens, counter battens,
roofing paper, rafter 10/14cm at 80cm
distance, air 4cm + thermal insulation
10cm infill, thermal insulation 15¢m, PE foil,
gypsum boards 1.25cm

0.17




HauwvoHanHa Tvnonoruja ctambernx 3rpapa Cpbuje National Typology of Residential Buildings in Serbia

Cknomnosu Tepmmuykor omoTada Elements of the thermal envelope

Mpo3opu v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

L]
1'1‘"‘:

[pBeHM, ABOCTPYKM Ca PasMakHy UM
Kpuirma (W1poka KyTuja) 1 jeJHOCTPYKMM
CTak/om

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHIM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa HEMA M3MEHA MeTanHa, Kpuno ca TepMon301aLKOHOM
- - NCYyHOM
Wooden NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cuctemu rpejarba 1 npunpeme Tonse Boge Heating and hot water system

Cucrem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cucTeMa rpejarba
Heating system
efficiency factor

lNojeavHaure nehn Ha CTpyjy

Single electric stove

0.75

"

LleHTpanHu cuctem rpejarsa,
HUCKOTEMMePaTYPHM KOTAO Ha 3eMHU rac
(BapwjaHTa - KOTao Ha ApBo/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
orlogs)

0.90 |

LleHTpanHu cuctem rpejarba,
KOH[IEH3aLMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
orlogs)

| 1.03




A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
'./
1S
EnexTpuunu 6ojnep LleHTpanHu cuctem nprnpemve LleHTpanHu cuctem npunpene
- TOMMe CaHUTapHe Bofe nose3aH ca TOMNe CaHUTapHe Bofe nose3saH
Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM
- ConapH¥X KonekTopa
Central supply with a domestic -
hot water - DHW cylinder in Central supply with a domestic
combination with a heat generator hot water - DHW cylinder in

combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

V130n0Batbe GacafiHUX 31A0BA KOHTAKTHOM TEPMOM30MaLMOHOM (Gacafom. M30M0Barbe XOPU30OHTaNHEe KOHCTPYKUMjE W3Hah HerpejaHor
noapyma. Yrpaaka HOBMX GacafHWX APBEHVX NPO30pa Ca ABOCIOJHMM M30MaLMOHIUM HUCKOEMUCUOHUM CTaKIO-NaKeToM. Yrpaarba HOBYIX
KPOBHWX  anyMUHUjyMCKIX NPOo30pa ca yHanpeheHnm Tepmo Npeknaom 1 ABOCNOJHUM M30NaLMOHIUM HACKOEMUCYOHMM CTaKNO-NaKeToM.
L] VIHCTanauwja UEHTpanHor cuctema rpejarba M npunpeme Tore CaHuTapHe BOAE Ca HWUCKOTEMMEPATYPHMM KOTIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEM rpejatba Ca M30/10BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKVM/TEMNEPATYPHIM Perynatoprima.
Thermalinsulation of fagade walls with a contact fagade system. Insulation of the floor construction above the unheated basement. Installation
of new wooden fagade windows with double-glazed low-emissivity glass unit. Installation of new aluminium roof windows with improved
thermal break and double-glazed low-emissivity glass unit. ® Central heating and domestic hot water supply with a low temperature gas
boiler. Low temperature heating system with insulated pipes and time and temperature programmable control unit.

/130n0Batve dacagHmnx 31MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM Gacafiom. V130M10Bake YHYTpaLUtbYX 3140Ba NpemMa HerpejaHom npoctopy
(xopHWK/CTenenunwTe). [lofaTHO 130M0Bake KPOBHE KOHCTPYKLMjE Ca YHYTpallke CTpaHe. /3010Bakbe XOPM30HTalHe KOHCTPYKUMje 13Hag
HerpejaHor noapyma. Yrpagrba HoBvix npo3opa of MBL| npodurna ca TPOCNOjHMM M30NaLMOHIUM HUCKOEMUCHMOHWM CTaKN0-NakeToM. Yrpaarba
HOBMX KPOBHMX anyMUHWJyMCKIX MPO30pa Ca yHanpeheHum TepmMo NPeKnaoM U TPOCIOJHUM M30MaLMOHUM HUCKOEMUCUOHKM CTaKNo-
nakeToM. Yrpa/jtba HOBVIX METasHVX TEPMOM30NOBaHYIX BpaTa. @ IHCTanaumja LeHTpanHor crctema rpejatba 1 nprnpeme Tonse cCaHuTapHe
BOZe Ca KOHAEeH3aLMOHUM KOTIIOM Ha 3eMHU rac. VIHCTanaumja JOMyHCKOT CONapHOr CUCTEMA COMApPHKX KOMEKTOPa 3a MOAPLLKY Y npunpemu
TOMMe CaHUTapHe Bofe.

Thermal insulation of facade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway). Additional
insulation of the roof construction from the inside. Insulation of the floor construction above the unheated basement. Installation of new PVC
windows with triple-glazed low-emissivity glass unit. Installation of new aluminium roof windows with improved thermal break and triple-
glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. ® Central heating and domestic hot water supply with
a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpeherbe TepMUUKOr oMoTaua — eHepreTcku 6unaHc * Thermal envelope improvement — energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHW ryéunum 900 900 900
enemeHara TepM1YKor
omoTava 3rpage 800 800 800
N 700 700 700
Heat loss through the
thermal envelope 600 600 600
[W/K] 500 500 500
400 i 400 i 400
300 I I 300 I I 300
200 I I 200 i I I 200
il i “1N i H I
1.2 3 4 5 6 12 3 4 5 6 12 3 4 5 6

1 — Cnosaltby 31, 2 — Mpo3opu v 6ankoHcKa BpaTa, 3 — YnasHa spata, 4 — 31 Ka HerpejaHom CTeneHunLuTy
5 — MehycnpaTHa KOHCTpYKUMja U3Haa HerpejaHor noapyma, 6 — Koc kpos

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase,
5 - Floor construction to unheated basement, 6 — Pitched roof

CneundwnuHa rogmiutba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy 87 (53%)
demand per year
[KWh/m?/ roguiitse]
e

110 (67%)

[kWh/m?/ year]

EHepreTckin paspes

U

Energy class

®uHanHa eHepruja

Final ener
e [ R N R T e e A I |

50 100% 0 50 100% 0 50 100%

o

[KWh]

* npema NpaBunHUKy 0 eHepreTckoj edrkacHocTH 3rpaaa (“Cn.rnacHuk PC’, 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnacHvik PC’, 6p.61/2011)



A - nepuog npe 1919. A — period before 1919

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepPreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lMNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarbe
Heating eneray [ someo ] [L1z077 ] 73866
R [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel EnexkTtpruHa eHepruja lac lac
Electricity Gas Gas
[pvmapHa eHepruja 132822 81255
_p P P 17% 10%
Primary energy
[KWh]
641578 693145
83% 90%
Emncmja CO,
[ A A Y A [ T [ e O
] 0 50 100% 100% 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKINX
mepa

61% 76%

Energy consumption
after refurbishment
measures
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A5
A5

CrambeHO-NOC/I0BHa 3rpaja
y OKBUPY rpagackor 6noka

CnnuHm o6jekTy
Similar buildings

ooao
oo
oo

<50%

Mixed use building in a row

Kateropuja BMLUENMOPOANYHO CTaHOBarbe  Category multifamily housing
foanHa U3rpaare npe 1919. Year of construction before 1919

bpoj eTaxa 4 (No+Mp+2-+T1k) Number of floors 4 (B+Gf+2+L)

bpoj ctaHoBa 5-10 Number of apartments 5-10

MoepuwuHa (M?) HeTo rpejaHa 800 Area (m?) Net heated 800

3anpemuHa (m?) HeTo rpejaHa 2500-2800 Volume (m?3) Net heated 2500-2800

CrambeHa [BOCMpaTHMU@ OCHOBe mpunaroheHe
napuenaunjn  TpaguumMoHanHor rpaackor 6noka. M3a
Ha3uzKa je KoC KPOB, Ca TaBaHCKMM MPOCTOPOM Kojui je
BpemeHOM Hajuelwhe aganTupaH y cTambeHu. Crnosb-
HU 3KOBM CYy MAcCWBHM, 31[aHN MyHOM OMEKOM CTapor
dopmaTta, obpaheHn dacagHMM manTepom Y3 6ora-
Ty dacagHy nnacTuky Ha yamuHoj dacaau. Mposopu cy
APBEHY, IBOCTPYKM Ca Pa3MakHyTUM KpuiavMa (LIMpoKa
KyTuja), 6e3 cnosbHKX 3acTopa. MehycnpaTtHe KOHCTPYK-
Unje npema TaBaHy Cy ApBeHe, AOK je W3Haj nogpyma
Hajuewhe npycku ceop. MNoApyMCKM NPOCTOp Ce yrnaB-
HOM He KOpWCTW 3a 60OpaBaK, a Mpyvi3em/be je 4ecTo
HamereHO KoMepLMjanHUM [enaTHOCTUMa.

A two-storey residential building with a floor plan
adjusted to traditional city block layout. There is a
pitched roof behind the parapet, with a loft most usual-
ly converted to a residential space. The exterior walls are
massive, built of solid old-format brick and rendered,
while the street facade is decorated in rich plasterwork.
The windows are wooden double-framed double sash-
es in wide casing without external blinds. The floor
constructions to the loft are wooden while those above
the basement are usually Prussian vaults. The basement
is generally unoccupied while the ground floor usually
has commercial content.



CrambeHa 3rpaja ca M3pa3uTo MACMBHMM, XOMO-
reHum, GpacagHVM 31A0BMMA Off Oreke 6e3 TepMown3o-
naumje. Tepmorpam npuKasyje pPaBHOMEPHe ryouTke
TOMsoTe Kpo3 dacaHe 31a0Be Koju Cy u3BefeHu 6e3
apMMpaHo GETOHCKMX cepknaxa. BehnHa npo3sopa cy
3amerbeHun caBpemMeHrM of MBL npoduna n nobpux cy
TEPMUUKNX KapaKTePUCTUKA JOK Ce OPUTMHANHIN Kapak-
TepuLly U3PasUTUM TOMAOTHMM ryouLIMMma.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]

237

A —nepuopg npe 1919. A — period before 1919

A residential building with massive, homogeneous
fagade brick walls without thermal insulation. The ther-
mal image shows heat losses evenly distributed through
facade walls built without reinforced concrete ring
beams. Most windows have been replaced with modern
PVC with good thermal performance in contrast to orig-
inal constructions characterized by noticeable heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
166

<100
<150
<200

<250

> 250

oo
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HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3ug 1

External Wall 1

U (W/m?K)

Cnosbalbn 3ug 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
cTeneHuLTy

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka cycejHoM
0bjeKkTy

Wall to the Adjacent
Building

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

manTep 2cm, oneka 44cm, mantep 2cm
plaster 2cm, brick wall 44cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnosba Outside

ManTep 2cm, oneka 44cm, mantep 2cm,

Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

>

<
<
e
<

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonauuja 15 cm, mantep 1.cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 15cm, plaster 1cm

1.12 0.26 0.19
[} [} [} (] [}
5 ] 5 Z >
Z Z £ 2 Z
© @] © O ©
2 ] 2 I 2
2 5 ? 5 2
= e = e =
O O

ManTep 2cm, oneka 44cm, mantep 2cm
plaster 2cm, brick wall 44cm, plaster 2cm

rMNCKapTOHCKe nnoye 1.25cm,

Tepmomsonaumja 5cm, Mantep 2cm, oneka

44cm, Mantep 2cm

gypsum board 1.25cm, thermal insulation 5¢m,

plaster 2cm, brick wall 44cm, plaster 2cm

Cnosba Outside

rMACKapTOHCKe nnoye 1.25cm,
Tepmomsonaumja 5cm, Mantep 2cm, orneka
44cm, mantep 2cm

gypsum board 1.25cm, thermal insulation 5cm,
plaster 2cm, brick wall 44cm, plaster 2cm

Cnosba Outside

Cnosba Outside

1.12 0.38 0.38

[} [} (5} (] [}

° ° ° ° °

Z 2 Z Z Z

E e 3

= 3 = © =

> g > (I s >

> = > c >

(@] (@]

ManTtep 2cm, oneka 29cm, mantep 2cm HEMA M3MEHA ManTtep 2cm, oneka 29cm, mantep 2cm,

plaster 2cm, brick wall 29cm, plaster 2cm NO CHANGES Tepmom3ornaumja 5 cm, r’MnckapToHCKe
nnove 1.25cm
plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 5cm, gypsum board 1.25cm

133 1.33 0.44

[} [} [} (] [}

he) he) b= [ he! he)

2 g = g 2

= o - (EEES o ©

= 3 = 3 =

£ 2 > (E g 2

> c > c >

(@] (@]

Mantep 2cm, oneka 29cm HEMA M3MEHA rMNCKapTOHCKe nnove 1.25 cm, TepMoun3ona-

plaster 2cm, brick wall 29cm NO CHANGES uuja 5 cm, manTep 2cm, oneka 29cm
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 29cm

147 147 045




A - nepuopg npe 1919. A — period before 1919

CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTpYyKLUWja 13Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)
MehycnpatHa
KOHCTpYyKLWja Mcnop
HerpejaHor npoctopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/mZK)

Koc kpos
(apanTaumja)

Pitched Roof
(Renovation)

U (W/mZK)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napkeT 2.2cm, falyaHn cienu nog 2.5cm,
noTnaTocHuULe y necky 5-8 cm, Npycku ceog
(14cm)

parquet 2.2cm, wooden subfloor 2.5cm,
sleepers 8/5cm in sand bedding 5-8cm,
Prussian vault (14cm)

1.03

YHanpeherbe 1 Improvement 1

YhyTpa Inside

Cnorsba Outside

napkKeT 2.2cm, fallyaHun cnenu nog 2.5cm,
MOTNaTOCHULE Y NecKy 5-8 cm, NPycKu CBoA
(14cm), Tepmomzonauumja 10 cm, mantep Tcm
parquet 2.2cm, wooden subfloor 2.5cm,
sleepers 8/5cm in sand bedding 5-8cm,
Prussian vault (14cm), thermal insulation
10cm, plaster 1cm

0.27

Cnosba Outside

YHyTpa Inside

necak 2cm, 61aTo ¢ NnesomM 5cm, aacke
2.4cm, TaBakbaue 16/24cm Ha 80cm,
TPWYaHW NnadoH 5cm

sand 2cm, rammed earth with chaff 5¢cm,
wooden subfloor - plank 2.5cm, rafters
16/24cm at 80cm distance, straw - plaster
ceiling 5cm

0.84

Cnosba Outside

YHyTpa Inside

nacke 2.4cm, TaBarbade 16/24cm Ha 80cm

/ Bazgyx 6¢cm +Tepmovizonaumja 18cm,
TpwyaHu nnadoH 5cm

plank 2.4cm, rafters 16/24cm at 80cm
distance / air 6cm + thermal insulation 18cm
infill, straw - plaster ceiling 5cm

0.18

Cnosba Outside

i

0 WSS

YHyTpa Inside

*IbebrbeHu Lpennetse (nonpeyxe /
nogy»He) ,Tep nanup, facke 2.4cm, por
13/15cm (Ha 80cm), Tepmow3. 10cm +
Basgyx 5¢cm, ME donuja, rvnckapToHcke
niove 1.25cm

clay roof tiles, battens, counter battens,
roofing paper, planks 2.4cm, rafter 13/15cm
at 80cm distance, air 5cm + thermal
insulation 10cm infill, PE foil, gypsum
boards1.25cm

043

Cnosba Outside

YHyTpa Inside

x/bebrbeHu upen, netee (nonpeyne /
nogy»He), Tep nanup, Aacke 2.4cm, por
13/15cm Ha 80cm, Tepmoms. 10cm + Basayx
5cm, Tepmomsonauuja 10cm, ME donwja,
FMNCKapTOHCKe nnoye 1.25cm

clay roof tiles, battens, counter battens,
roofing paper, planks 2.4cm, rafter 13/15cm
at 80cm distance, air 5cm + thermal
insulation 10cm infill, thermal insulation
10cm, PE foil, gypsum boards1.25cm

0.18

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, falyaHn cienn nog 2.5cm,
noTNaToCHMLe y necky 5-8 cm, NPycKu CBof
(14cm), Tepmomzonaumja 15 cm, mantep Tcm
parquet 2.2cm, wooden subfloor 2.5cm,
sleepers 8/5cm in sand bedding 5-8cm,
Prussian vault (14cm), thermal insulation
15cm, plaster 1cm

0.20

Cnosba Outside

YHyTpa Inside

Tepmownsonaumja 20cm, packe 2.4cm,
TaBarbaye 16/24cm Ha 80cm / Bazayx 6cm
+Tepmownsonaumja 18cm,

Tpw4aHu nnadoH 5cm

thermal insulation 20cm, plank 2.4cm, rafters
16/24cm at 80cm distance / air 6cm +
thermal insulation 18cm infill, straw - plaster
ceiling 5cm

0.10

Cnosba Outside

YHyTpa Inside

xIbebrbeHu upen, netee (nonpeyHe /
nogy»xHe), Tep nanup, facke 2.4cm, por
13/15cm (Ha 80cm), Tepmow3. 10cm +
Basgyx 5cm, Tepmomsonaumja 10cm, ME
donwja, rmnckapToHcke nnoye 1.25cm

clay roof tiles, battens, counter battens,
roofing paper, planks 2.4cm, rafter 13/15cm
at 80cm distance, air 5cm + thermal
insulation 10cm infill, thermal insulation
10cm, PE foil, gypsum boards1.25cm

0.18
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MocTojehe cTarbe Present state

gV

[pBeHM, ABOCTPYKM Ca PasMakHy UM
Kprimma (WMpoka KyTuja) 1 jeJHOCTPYKMM
CTakom

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-MaKeToOM
NCNYHEHUM VMHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
YCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa, Kpuno oa nyHor ApeeTa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, solid wood leaf NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cUcTeMa rpejarba
Heating system
efficiency factor

ETaxxHo rpejarbe Ha CTpyjy, pagnjatopu
Individual radiator heating system / electric
boiler / hot water

0.90 |

[larbnHCKO Ha GoCuHa ropuea.
TepmocTaTcky BeHTUW. ModepHy3aLmja
NOACTaHuLe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation with flow
system control in accordance to the outside
temperature. Consumption based billing.

| 092 |

[larbHCKO Ha GoCuHa ropuea.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj TemrnepaTtypu.
Hannata npema notpouwrsm

District heating system /fossil fuel/
Thermostatic valves. Substation with
variable flow pump and flow system control
in accordance to the outside temperature.
Consumption based billing.

| 0.95




CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boae

Hot water system

EnekTpuunu 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cuctem npunpeme
MOBE3aH Ca CUCTEMOM rpejatba.
V3merbrBay TonnoTe ca
CNPEMHUKOM Y MOACTAHWLN.
Central supply with a domestic
hot water connected to the
heating system. Heat exchanger in
substation.

A - nepuopg npe 1919. A — period before 1919

YHanpeherbe 2 Improvement 2

i
U'eHTpaJ'IHI/\ cancTem npunpeme
NnoBe3aH ca CUCTEMOM rpejarba 1
CUCTEMOM COMapHKX KONEKTOPaA.

M3merbrBay Tonnote ca
CNPEMHNKOM Yy NoACTaHNLN.

Central supply with a domestic hot
water connected to the heating
system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

130n0Batse Aena dacafHux 3MAoBa KOHTaKTHOM TePMOM30NaLMOHOM Gacafom. V3onosare Aena dacafHmnx 31AoBa ca yHyTpallkbe CTpaHe
(31A0BV MOA PEXMMOM 3alTHTe). M3010Barbe XOPM3OHTaNHMX KOHCTPYKLMja Mpema HerpejaHom noapymy v TaeaHy. [JoAaTHO M300Barbe
KOCOr KpOBa Ca YHyTpalutbe CTpaHe. Yrpaftba HOBMX APBEHVX NPO30pa Ca ABOCIOJHUM V30MaLMOHUM HUCKOEMVICUOHVIM CTakNOo-NaKkeToMm.
® Yrpajrba TePMOCTATCKUX BEHTUMA MO CTaHOBMMA. [pUKIbyUerbe 0bjeKTa Ha JarbMHCKO rpejarse. MoACTaHMLa ca CYCTeMOM 3a perynauujy
NpOTOKa MpemMa CNoJbHOj TemnepaTypu 1 Meperbem KcrnopydeHe eHeprije. Hannata npema NOTPOLWHW MEPEHOj y NOACTaHWLN. Yrpadrba
LIeHTpanHor crcTema npunpeme Torjle Bofe NOBE3aHor Ca CUCTEMOM rpejakba.

Thermal insulation with a contact facade system of a segment of facade walls. Insulation of a segment of facade walls from the inside (in
accordance with heritage protection requirements). Insulation of the floor constructions to the unheated basement and attic. Additional
insulation of the pitched roof from the inside. Installation of new wooden windows with double-glazed low-emissivity glass unit. @
Installation of termostatic valves in apartments. Connection to the district heating system. Substation with flow system control in accordance
to the outside temperature and delivered energy measurement. Consumption based billing measured in the substation. Installation of the
central system for the hot water preparation connected to the heating system.

V130n0Batbe Aena dacafHyix 3140Ba KOHTAKTHOM TePMOM30aLMOHOM Gacafom. V3onosarbe fena dpacafHyix 3140Ba Ca yHyTpallkbe CTpaHe
(31A0BV NMOA PEXMMOM 3alUTITe). V3010Barbe YHYTPaLLHbIX 3140Ba NPemMa HerpejaHom NpoCTopy (XOAHUK/CTeneHuwTe). 3onosarse 31aosa
npema cycejH1M 0bjeKTVMa Ca yHy Tpallibe CTpaHe. 13010Batbe XOPU3OHTaNHX KOHCTPYKLMa Npema HerpejaHoM NoApYyMy v TasaHy. [loaaTtHo
1130710Batbe KOCOT KPOBa Ca yHyTpallibe CTpaHe. Yrpafrba HoBYX Npo3opa og MBL npodurna ca ToOCN0jHVM M301aLMOHNM HUCKOEMUCUOHIM
CTakno-nakeTom. Yrpaarba HOBMX METaSIHVX TEPMOM30N0BaHVX BpaTa. ®  Yrpafrba TePMOCTaTCKUX BEHTWNA NO CTaHOBMMa. [TpUKIbyyetbe
objeKTa Ha AasbUHCKO rpejarbe. MoAcTaHNLa ca CUCTEMOM 3a perynauujy NpoToKa npema CrosbHOj TemMnepaTypu U Meperem UCnopydeHe
eHepruje. Yrpagrba nymne ca NPOMEH/BbYBYM NPOTOKOM U O4WTaBarbem MOTPOWbEe eHeprije. Hannata npema nNOTPOLWMK MEPEHO] Y
noAcTaHULW. Yrpaarba LeHTpanHor cuctema npunpeme Torjle BOAE NOBE3aHOr ca CUCTEMOM rpejatba, ca AOMYHCKUM CUCTEMOM CONapHMX
KONeKTopa 3a NOApPLLKY NpUnpemMe Tore CaHUTapHe BOAE.

Thermal insulation with a contact fagade system of a segment of facade walls. Insulation of a segment of facade walls from the inside (in
accordance with heritage protection requirements). Insulation of the interior walls to unheated areas (hallway/stairway). Insulating side walls
to the adjacent buildings from the inside. Insulation of the floor constructions to the unheated basement and attic. Additional insulation of
the pitched roof from the inside. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally
insulated, metal doors. ® Installation of termostatic valves in apartments. Connection to the district heating system. Substation with flow
system control in accordance to the outside temperature and delivered energy measurement. Installation of the pump with variable flow
and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central system for the hot
water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

TonnoTtHn ryéunum
enemeHaTa TepMUYKOr
OmOTaua 3rpajge

Heat loss through the
thermal envelope

[W/K]

EHepruvja notpebHa 3a
rpejarbe

Heating energy
demand

[kWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTckin paspes

Energy class

®uHanHa eHepruja

Final energy

[KWh]

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
700 700 700
600 600 600
500 500 500
400 400 400
300 300 300
200 200 200

O . |

u 1ool
I L 1] BET.
1 7 8

5 6 7 8 2 3 4 5 6 1 2

100 l
I []
4 3 4

1 - Cnosaltby 31z, 2 — Mpo3opu v BankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 31j Ka HerpejaHom CTenenuwTy, 5 — 3vf Ka cycejHOM 06jeKTy,
6 — MehycnpaTHa KOHCTPYKUWja 13Had HerpejaHor nogpyma, 7 — MehycnpaTHa KOHCTPYKLWja Ka HerpejaHom TasaHy, 8 — Koc kpos

=n
5 6 7 8

1 - External wall, 2 = Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Wall to the adjacent building,
6 — Floor construction to unheated basement, 7 — Floor construction to unheated attic, 8 - Pitched roof

66 (40%)
100 (60%)

[F—— | ) I

[ [ e e N
0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoCcT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



A - nepuog npe 1919. A — period before 1919

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepPreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lMNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarbe
Heating energ [ e ] [ ess [ 3288 ]
demandy [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [amnHcko, docunHa
Fuel EnexkTtpruHa eHepruja ropvBa ropuea
Electricity District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
204423
58%
(A

259427
73%

Emncmja CO,

CO, emission

| [ O B B
0,
] 0 50 100%

[oTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKINX
mepa

Energy consumption 63%

after refurbishment
measures
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b1
B1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm o6jekTy
Similar buildings

DD 50%
1 I:ll:l <! o

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oanHa n3rpagre 1919-1945 Year of construction 1919-1945
bpoj eTaxa 1 (Mp) Number of floors 1 (GF)

bpoj ctaHoBa 1 Number of apartments 1

MoepuwuHa (M?) HeTo rpejaHa 60 Area (m?) Net heated 60

3anpemuiHa (m?) HeTo rpejaHa 160 Volume (m?) Net heated 160

Mpr3emHa Kyha KoMnakTHe NpaBoyraoHe OCHOBE, Ca
manum 6pojem dacafHux oTBopa. Kpos je nnwnTak, YeTBo-
POBOAHM ¥ TaBaHCKM NPOCTOP Ce He KOpUCTY 3a bopa-
Bak. OBVIMHV 3VA0BW Cy Of MyHe Ofeke, ManTepucaHiu,
4eCTo Ca jeAHOCTaBHVM [eKopaTVBHUM efleMeHT1Ma
nnvTke dacanHe nnactvke. [po3opn Cy APBEHU, ANMEH-
3VIOHMCaHM Tako Aa Aajy AOBOSbHO OCBET/baja CBYM CTaM-
6eHM npocTopujama.  XOpW30HTafIHa KOHCTPyKLMja
npema TaBaHy je ApBeHa ca UCMyHOM Off 3eM/be 1 ManTe-
PUCAHVM TPLUYAHUM N1aOHOM.

A ground floor house with a compact rectangu-
lar floor plan and a low window-to-wall ratio. It has a
shallow hipped roof and an unheated attic. The exter-
nal walls of solid brick were rendered and frequently
decorated in simple shallow plasterwork. The size of the
wooden windows provides sufficient lighting to all occu-
pied rooms. The floor construction to the unheated attic
is wooden, with earth infill and rendered reed ceiling.



T,

b - nepwvion 1919 - 1945, B — period 1919 — 1945

MNopoaruHa kyha ca 13pasnTo MacuBHVIM dacagHM
31aoBMMa of oneke 6e3 Tepmomsonauuje. Kyha ce He
rpeje y UeNocTv 1 Ha TEPMOrpamy Ce jaCHO MOXe BYife-
TV rpejaHn Aeo y BuaYy Cpeauilrbe cobe Ha nesoj paca-
Avi. XoMOoreHn 31aoBu Cy 6e3 GETOHCKMX Cepknaxa, ca
paBHOMEPHUM rybuLMMa Mo MOBPLINHW. JyXKHa CTpaHa:
KpOB, AecHa dacada v, HapoumnTo BGeToHCKa orpafa, cy
3arpejaHn Kao nocneamuUa CyHYeBor 3payerba.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

323

A family house with massive facade brick walls with-
out thermal insulation. The house is not entirely heated;
the thermal image clearly distinguishes the heated room
in the middle section of the fagade on the left. Homoge-
neous walls are without concrete ring beams and show
heat losses evenly distributed over the surface. On the
south side, the roof, the facade on the right and especial-
ly the concrete fence show solar heat gain.

Energy class of building — existing state

Q,,, kWh/(m?a)]
242

<100
<150
<200
<250

> 250

9
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

lNoa Ha Ty

Ground Floor

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3ua of oneke 44cm, Mantep
3cm

plaster 2cm, brick wall 44cm, plaster 3cm

1.10

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 3uf of oneke 44cm, mantep
3cm, Tepmomzonauumja 10cm,

mantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 10cm, plaster Tcm

0.26

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3va of oneke 44cm,
Mantep 3cm, Tepmonsonaumja 20cm,
mantep Tcm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 20cm, plaster Tcm

0.15

YHyTpa Inside

Cnosba Outside

napkKeT 2,2cm, facke 2cm, NoTnaTtocH1Le y
Ccnojy nenena 5cm,
HabujeHa 3emrba 20cm

parquet 2.2cm, wooden subfloor 2cm,

sleepers in ash bedding 5cm, rammed earth
20cm

0.62

YHyTpa Inside

_—

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.62

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, LeMeHTHa KoLy buua 5cm,
Tepmonsonaumja 15cm, xugpowusonaumja
1cm, 6etoH 10cm,

WwbyHak 10cm

parquet 2.2cm, cement screed 5cm, thermal
insulation 15cm, hydro insulation 1cm,
concrete 10cm, gravel 10cm

0.16




b - nepwvion 1919 - 1945, B — period 1919 — 1945

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUMja ncnoga
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)

MocTojehe cTarbe Present state

Cnoma Outside

YHyTpa Inside

HabujeHa 3emrba 10cm, facke 2cm,

npseHe rpege 14/20cm Ha 80cm /
Ba3AyLWHW cnoj 20cm, TpluyaHm nnadoH 5cm
rammed earth 10cm, plank 2cm, wooden
rafters 14/20cm at 80cm distance / air layer
20cm, straw-plaster ceiling 5cm

0.65

YHanpehetbe 1 Improvement 1

Cnosa Outside

YHyTpa Inside

facke 2cm, apseHe rpege 14/20cm Ha 80cm
/ Tepmousonauwja 20cm,

TpWYaHW NnapoH 5cm

plank 2cm, wooden rafters 14/20cm at 80cm
distance / thermal insulation 20cm, straw-
plaster ceiling 5cm

0.21

YHanpeherbe 2 Improvement 2

Cnoma Outside

YHyTpa Inside

Tepmomsonauuja 20cm, facke 2cm,
npBeHe rpeae 14/20cm Ha 80cm /
Tepmom3onauuja 20cm, TpLuyanHmn nnadoH
5cm

thermal insulation 20cm, plank 2cm,
wooden rafters 14/20cm at 80cm distance
/ thermal insulation 20cm, straw-plaster
ceiling 5cm

0.10
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

L]
1'1‘"‘:

[pBeHW, ABOCTPYKM Ca pa3MakHyT!M
Kprivma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKnom

Wooden, double frame, double sash (wide
box) with single glazing

3.50

YHanpeherbe 1 Improvement 1

e
- .

[lpBeHn ca ABOCNOjHIM M30MaLUNOHIM
HVWCKOEMUCMOHUM CTaK0-MaKeToOM
NCMYHEHVIM HEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHIM CTaKN0-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

1.00

[pBeHa, Kpuno o nyHor apeeTta

Wooden, solid wood leaf

3.30

)JpBeHa, KpWnio Ca TepMomnsonaumoHom
NCMyHOM

Wooden, insulated leaf

1.50

)J.pBeHa, KpWio Cca TepMonsoauoHomM
MCIyHOM

Wooden, insulated leaf

1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

MNojeanHauxe nehu Ha apsa

Single wood stove

0.50

LleHTpanHm cuctem rpejarba Ha ApBa/nenert,
MUPONUTIYKI KOTAO Ca akymMynaTopoM BOfe
3a rpejarbe

Central heating with a biomass boiler for
pellets or logs, wood gasification boiler with
a buffer tank

0.85 |

0 =

LleHTpanHu cuctem rpejarba ca TOnAOTHOM
nyMroM Ba3dyx/Boja

Central heating with an air/water heat pump

| 3.00




Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boge

Hot water system

EnexTpuuny 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cuctem npunpeme
TOM/e CaHWUTapHe BOZe NOBe3aH Ca
CUCTEMOM rpejatba

Central supply with a domestic

hot water - DHW cylinder in
combination with a heat generator

b - nepwvon 1919 - 1945, B — period 1919 — 1945

YHanpehetbe 2 Improvement 2

LleHTpanxw cuctem npunpeme
TOM/Ee CaHUTapHe Bofe NoBe3aH ca
CHCTeMOM rpejarba

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

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

130n0Batbe dacafHyx 3MA0Ba KOHTAKTHOM TEPMOV30M1aLIMOHOM Gacafilom. /13010Bare XOPU30HTaNHE KOHCTPYKLIM]E NPema HerpejaHoM TaBaHy.
Yrpadtba HOBYVX ApPBEHVX NPo30pa Ca ABOCIOJHUM M30MaALMOHUM HUCKOEMUCUOHMM CTaKNO-NakeToM. Yrpafka HOBKX TEPMOV30N0BaHNX
Bpata. ® VIHCTanauuja LEHTpanHor cuctema rpejarba U npunpeme Tone CaHWTapHe BOAE Ca NMUPONUTUYKIM KOT/IOM BUCOKOT CTereHa
nckopuwhersa. HickoTemnepaTypHm CUCTeM rpejarba ca M3010BaHMM LIEBHVIM BOAOBVIMA U BDEMEHCKIM/TEMMePaTYPHIUM perynaTopuma.
Thermal insulation of facade walls with a contact facade system. Insulation of the floor construction to the unheated attic. Installation of
new wooden windows with double-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors. ® Central heating and
domestic hot water supply with high efficient wood gasification boiler. Low temperature heating system with insulated pipes and time and
temperature programmable control unit.

/130n0Batbe GacafHMX 31A0Ba KOHTAKTHOM TEPMOM30M1aLMOHOM Gacagom. Yknarbarbe noctojeher 1 13paga HOBOM Nofa Ha Ty. V3onosarse
XOPU3OHTaNHE KOHCTPYKLMje Mpema HerpejaHoMm TasaHy. Yrpaara HOBMX nposopa of  [BL npoduna ca TpocnojHUmM 130naunoHmm
HUCKOEMMCHOHUM CTaKMO-MaKeToM. Yrpa/irba HOBMX TEPMOM30/10BaHNX BpaTa. @ VIHCTanaumja UeHTpanHor cucTemMa rpejarba 1 npunpeme
TOM/IE CaHWTapHe Bofe Ca TOMNIOTHOM NyMMOM Basflyx/BO/ia Kao reHepaTopom TomnsoTe. H1ckoTemnepaTypHu CUCTEM rpejarba Ca M3010BaHMM
LIeBHVIM BOJOBVIMA 1 BDEMEHCKIM/TEMMNEPATYPHUM perynatopuma.

Thermal insulation of fagade walls with a contact fagade system. Replacement of the existing with a new ground floor construction. Insulation
of the floor construction to the unheated attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of
new, thermally insulated, doors.  ® Central heating and domestic hot water supply with air/water heat pump as a heat generator. Low
temperature heating system with insulated pipes and time and temperature programmable control unit.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHn ryéunum 120 120 120
enemMeHata TepMUYKor
oMOTaya 3rpage l
B 100 100 100
Heat loss through the
thermal envelope 30 30 80
[W/K] I
60 I 60 60
40 I = 40 40
20 20 |

T2 3 4 5 1

20
2 3 4 5 12 3 4 5

1 - Cnosaltby 31, 2 —T1po3opw, 3 —Bpata, 4 — MehycnpaTtHa KOHCTPYKUMja Ka HerpejaHom TaaHy, 5 —llog Ha Ty

CneundwnuHa rogmiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

1 - External wall, 2 —= Windows, 3 - Doors, 4 - Floor construction to unheated attic, 5 — Ground floor
[kWh/m?/ roguiitse]
[kWh/m?/ year]

‘ 131 (54%)' 168 (69%) .
EHepreTckin paspes

; | ) I

Energy class

®uHanHa eHepruja

Final ene. [ s ] [eer | [oem2 |
& e ot

[ T [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTK 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHuk PC', 6p.61/2011)



b - nepvog 1919 - 1945. B - period 1919 - 1945

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejatba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

NocTojehe cTare Present state

EHepruja noTpebHa 3a
rpejarbe

Heating energy _

demand

[KWh]

EHepreHT

Fuel [pBo
Wood

YHanpebherbe 1 Improvement 1

Hpeo
Wood

MNpumapHa eHeprija

Primary energy

[KWh]

Emncmja CO,
CO, emission 0

(ka]

[loTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mepa

Energy consumption
after refurbishment
measures

2880
79%

73%

YHanpehetbe 2 Improvement 2

50 100%

EnexkTpryHa eHepruja
Electricity

|
0 50 100%

5%

95%
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b2
B2

MopopaunyHa Kyha y Hu3y

CnnyHm 06jekTn
Similar buildings

[
oo

<50%

Family house in a row

Kateropuja NMOPOANYHO CTaHOBaHE Category family housing
[oanHa n3rpagre 1919-1945 Year of construction 1919-1945
bpoj eTaxa 1 (Mo+Mp) Number of floors 1 (B+Gf)

bpoj ctaHoBa 1 Number of apartments 1

MoepuwwHa (M?) HeTo rpejaHa  60-70 Area (m?) Net heated 60-70
3anpemuHa (m?) HeTo rpejaHa 200-250 Volume (m?) Net heated 200-250

MpuvzemHa Kyha jegHOCTaBHE MpaBoOyraoHe OCHO-
Be. OOVMHMW 310BM CY MACUBHW, 3MAaHW HeneyeHom
OMeKoM, MasTepucaHi, 4ecTo ca MIUTKOM [eKopaTyie-
HOM MAAaCTUKOM Ha YinuHOj dacagn. MNpo3opu cy apse-
HW, ABOCTPYKM Ca pa3MakHyTUM Kpuiuma (lWmnpoka
KyTuja), AUMEH3MOHMCAHN Tako fa fAajy AOBO/bHO OCBe-
T/baja CBUM CTambeHum npocTopujama. XOpW3oHTanHa
KOHCTPYKUWja Npema TaBaHy je [pBeHa ca UCTyHOM Of]
3eM/be ¥ ManTeprcaHumM TpLwYaHuM rnadoHoM. TaBaH-
CKM NPOCTOp Ce He KOpWCTY 3a 6opasak. VI3Hag noapy-
Ma je TaBaHuLa Of] YBPCTOr MaTepwjana (CBof o oneke),
a NMoAPYM Ce He KOPUCTU 3a CTaHOBakbe.

A ground floor house with a simple rectangular floor
plan. The external massive walls were built of adobe and
rendered, with frequent plasterwork decorations on the
street front. The size of wooden double-framed case-
ment windows allows for adequate lighting in all occu-
pied rooms. The floor construction to the unheated attic
is wooden, with earth infill and rendered reed ceiling.
The floor construction above the basement was built of
solid material (brick vault) and the basement is not used
as a residential space.



b — nepvog 1919 — 1945.

B — period 1919 — 1945

MNopofnyHa Kyha ca ¥3pa3vTo MacMBHKM, XOMore-
HUM, dacaaHUM 31aoBKMa of hepnuda 6e3 Tepmown3o-
nauwje. Tepmorpam npuKasyje TOMAOTHe ryouTKe Kpo3
LIeNoKyMHY NOBPLUMHY 3140Ba Ca NoBehaHVM MHTEH3W-
TETOM Y 30HWM M3HaL NPO30PCKMX OTBOPA. leCHa Nonosu-
Ha objekTa ce He rpeje. KOHCTpYKLUMja Npo3opa je Heof-
rosapajyha ca v3pasuTim TOMAOTHMM rybuLMMa. YnasHe
Kanuje v Kanuwm Npo3opa ce 041TaBajy Kao TONAnju ycnes
CyHUYEBOT 3pavetba.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

436

A family house with massive, homogenous fagade
adobe walls without thermal insulation. The thermal
image displays heat loss throughout the wall surfac-
es, with higher intensity in the zone above the window
openings. The section on the right is unheated. The
window construction is inadequate with extensive heat
losses. The entrance gates and window blinds show solar
heat gain.

Energy class of building - existing state

Q,,, kWh/(m?a)]
327

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbu 31A

External Wall

U (W/m?K)
3uf Ka cycepy

Wall to the Adjacent
Building

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

mantep 2cm, 3ua of hepniua 44cm,
Mantep 3cm

plaster 2cm, adobe wall 44cm, plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

mantep 2cm, 3ug of hepnuya 44cm,
manTep 3cm, Tepmowzonaumja /Tpcka/ 10cm,
manTep 2cm

plaster 2cm, adobe wall 44cm, plaster 3cm,
thermal insulation (reed) 10cm, plaster 2cm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

mantep 2cm, 3ua oa hepnuya 44cm,
ManTep 3cm, Tepmowizonauuja /Tpcka/
20cm, mantep 2cm

plaster 2cm, adobe wall 44cm, plaster 3cm,
thermal insulation (reed) 20cm, plaster 2cm

0.89 0.25 0.14
v o ) w v
he) © he) he) hel
vl ) 5 3 vl
< 5 < 5 <
© O © @) ©
= © o < 2
> g 3 gz
= S = e =
() )

mantep 2cm, 3ua of hepnwua 44cm,
Mantep 3cm

plaster 2cm, adobe wall 44cm, plaster 3cm

0.89

rMNCKapTOHCKe ninoye 1.25cm,
Tepmou3onauuja /Tpcka/ 5cm,

Mantep 2cm, 3ua of hepnuua 44cm,
ManTep 3cm

gypsum board 1.25cm, thermal insulation
(reed) 5cm, plaster 2cm, adobe wall 44cm,
plaster 3cm

0.38

Cnosba Outside

rMNcKapToHcke nnoye 1.25¢cm,
Tepmou3sonauuja /Tpcka/ 5cm, Mantep 2cm,
3u oa heprnuya 44cm,

ManTep 3cm

gypsum board 1.25cm, thermal insulation
(reed) 5cm, plaster 2cm, adobe wall 44cm,
plaster 3cm

0.38




b - nepwvion 1919 - 1945, B — period 1919 — 1945

CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKUMja ncnoga
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mZK)
MebhycnpaTHa

KOHCTPYKUWja 13Hag
HerpejaHor nogpyma

Floor Construction

to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

HabujeHa 3emrba 10cm, facke 2cm, pBeHe
TaBarbave 12/14cm Ha 100cm / Basgyx 14cm,
TPLUYaHW nnadoH 5cm

rammed earth 10cm, plank 2cm, wooden
rafters 12/14cm at 100cm distance / air layer
14cm, straw-plaster ceiling 5cm

0.65

Cnorba Outside

YHyTpa Inside

[lacke 2cm, fpBeHe TaBarbade 12/14cm Ha
100cm / Tepmomsonauvja 14cm,

TpLYaHY NnadoH 5cm

plank 2cm, wooden rafters 12/14cm at
100cm distance / thermal insulation layer
14cm, straw-plaster ceiling 5cm

0.22

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, flacke 2cm, ApBeHe netse
8/5cm Ha 50cm / necak 5cm

necak 5-15cm, oneka 14cm

parquet 2.2cm, wooden subfloor 2cm,
sleepers 8/5cm at 50cm in sand bedding,
sand 5-15cm, brick vault 14cm

0.90

YHyTpa Inside

Cnorba Outside

napKeT Ha nenky 2.2cm, UemeHTHa
KoLyrbula 5cm, Tepmonisonatimja /
rpaHyne/10cm, oneka 14cm

parquet 2.2cm glued, cement screed 5cm,
thermal insulation (granulated) 10cm,
brick vault 14cm

0.27

Cnospa Outside

Y Y Y Y

YHyTpa Inside

Tepmovsonaumja 20cm, JpBeHe TaBarbaye
12/14cm Ha 100cm / Tepmomzonaumja 14cm,
TPLUYAHM NnadoH 5cm

thermal insulation 20cm, wooden rafters
12/14cm at 100cm distance / thermal
insulation layer 14cm, straw-plaster ceiling
5cm

0.10

YHyTpa Inside

=

Cnospa Outside

napKeT Ha NenKky 2.2cm, uem. Kow. 5¢m,
Tepmowusonauuja / rpaHyne / 10cm, oneka
14cm, Tepmonsonaumja 20cm, mantep Tcm
parquet 2.2cm glued, cement screed 5¢cm,
thermal insulation (granulated) 10cm, brick
vault 14cm, thermal insulation 20cm,
plaster Tcm

0.10
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

CucTem 3arpeBarba
npocTopuja

MNMocTojehe cTarbe Present state

L]
1'1‘"‘1

[pBeHW, ABOCTPYKM Ca pa3MakHyT!M
Kprivma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKNoM, APBEeHN Kanum

Wooden, double frame, double sash (wide
box) with single glazing, wooden shutters

3.50

YHanpeherbe 1 Improvement 1

e
- .

[lpBeHn ca ABOCNOjHIM M30MaLUNOHIM
HVMCKOEMUCMOHUM CTaK/10-NakeToM
NCMYHEHVIM HEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

)i
- .

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHIM CTaKN0-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

1.00

[pBeHa, Kpuno o nyHor apeeTta

Wooden, solid wood leaf

[psera vnu MBL, kpuno ca
TEPMOM30M1aLMOHOM CMYHOM

Wooden or PVC, insulated leaf

[pseHa nnw MBL, kpuno ca
TEPMOM30/1aLIMOHOM UCMYHOM

Wooden or PVC, insulated leaf

4.00 1.50 1.50
Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system
| B .0. (= .0.

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

MNojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHu cuctem rpejata,
HUCKOTeMNepaTyPHU KOTao Ha 3eMHU rac
(BapwjaHTa - KOTao Ha jpBo/neneT)

Central heating with a low temperature gas

boiler (option - biomass boiler for pellets
or logs)

0.90

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHW KOTa0 Ha 3eMHM rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)

1.03




b - nepwvon 1919 - 1945, B — period 1919 — 1945

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
! 7
i S

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHu cuctem npunpeme

- Tonne CaHWTapHe BOAe NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH

Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Batbe GpacapHvx 3Ma0Ba NNoYama off TPCKe Ca Cnosballtbe CTpaHe. /130n10Bare 31AoBa Ka CyceHVM 0bjeKTMa ninoYama of TpCke ca
YHyTpalltbe CTpaHe . M30noBarbe XOPU30OHTaIHE KOHCTPYKLMjE NpemMa HerpejaHoM TaBaHy. PEKOHCTPYKLMja XOPU30OHTaIHE KOHCTPYKLvje
V13Haf HerpejaHor noapyma (HoBM v3paeHaBajyhim Coj Nnpeko CBoAa OA Orneke Of rpaHynpaHe TepMorsonalyje 1 3aBpliHa obpaaa noaa).
Yrpadtba HOBVX [pPBEHVX NPO30pa Ca ABOCIOJHUM M30MaLMOHUM HUCKOEMUCUOHMM CTaKNO-NakeToM. Yrpafka HOBMX TEPMOV30N0BaHNX
BpaTta. ® VIHCTanaumja UeHTpanHor cuctema rpejarba U npunpeme Torne CaHUTapHe BOfe Ca HYCKOTEMMNEPATYPHYIM KOTJIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEeM rpejatba Ca M30/10BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKVM/TEMNEPATYPHIM Perynatoprma.

External insulation of fagade walls with reed board panels. Internal insulation of the walls to the adjacent buildings with reed board panels.
Insulation of the floor construction to the unheated attic. Reconstruction of the floor construction above the unheated basement (a new
leveling granular insulation layer over the brick vault and floor finishing). Installation of new wooden windows with double-glazed low-
emissivity glass unit. Installation of new, thermally insulated, doors. ® Central heating and domestic hot water supply with a low temperature
gas boiler. Low temperature heating system with insulated pipes and time and temperature programmable control unit.

130noBatbe pacafHUX 3140Ba MioYaMa Of TPCKe Ca Cnosballtbe CTpaHe. M3onosarbe 31A0Ba Ka CycejHUM ObjeKTVMa nioyama Of TpCKe
Ca YHyTpalltbe CTpaHe. VI3010Batbe XOPM30HTaNHe KOHCTPYKLMjE Npema HerpejaHoM TaBaHy. PEKOHCTPYKLIMja XOPU3OHTaNHe KOHCTPYKLMje
V3HaJ HerpejaHor noapyma (HOBW M3paBHaBajyhM CNoj M3HaA CBOfa Of Oneke Of rpaHynvpaHe Tepmowv3onauumje v 3aBpliHa obpaja
noda + AoAaTHW C10j Tepmov3onaLmje ca Aokbe CTpaHe CBOAa). Yrpaarba HOoBMX npo3opa oA MBL npodurna ca TPOCNojHUM M30aLMOHM
HUCKOEMMCVMOHUM CTaKNO-NaKeToM. Yrpadkba HOBMX TEPMOV30M10BaHWX BpaTa. ® VIHCTanauuja LeHTpanHor cuctema rpejarba v npunpeme
TOM/Ee CaHUTapHe BoJe Ca KOHAEH3ALMOHMM KOTIOM Ha 3eMHM rac. VIHCTanaumja AONyHCKOT CUCTeMa CONapHUX KONeKTopa 3a MOAPLLKY Y
npunpemu Tonne caHnTapHe soge.

External insulation of fagade walls with reed board panels. Internal insulation of the walls to the adjacent buildings with reed board panels.
Insulation of the floor construction to the unheated attic. Reconstruction of the floor construction above the unheated basement (a new
leveling granular insulation layer over the brick vault and floor finishing + additional insulation layer from below the vault). Installation of new
PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors.  ® Central heating and domestic
hot water supply with a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHn ryéunum 90 90 )
enemeHara TepM1YKor I
omoTaya 3rpaje 80 I 80 80
- 70 70 70
Heat loss through the I
thermal envelope 60 I 60 60
[W/K] 50 I 50 50

40 I 40 40

30 I 30 30

20 I 20 . 20

10 = I 10 I i 10 i i

1 4 12 3 4 5 6 1.2 3 4 5 6

1 - Cnosaltby 31, 2 —T1po3opw, 3 - Bpata, 4 — 3uA Ka cyceaHom objekTy, 5 — MehycnpaTHa KOHCTPYKLMja Ka HerpejaHom TaBaHy,
6 — MehycnpaTHa KOHCTPYKLMja U3HaA HerpejaHor noapyma

1 — External wall, 2 = Windows, 3 — Doors, 4 — External wall to adjacent building, 5 - Floor construction to unheated attic,
6 — Floor construction to unheated basement
[kWh/m?/ year]

‘ 191 (58%)’ 217 (66%) .
EHepreTcku paspep

- | ) | )

Energy class

CneundwnuHa rogmiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ ] [sn ] o
& e (N

[ O [ e e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTK 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHuk PC', 6p.61/2011)



b - nepvog 1919 - 1945. B - period 1919 - 1945

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejatba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

NocTojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarbe
Heating eneray [ ass ] [sew] [ Josrs
demand [ A A Y A [ e O [ R N
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel [pBo lac lac
Wood Gas Gas

MNpumapHa eHeprija

Primary energy

[KWh]
6447
61%
Emncmja CO,
CO, emission 0
[ T R |
(kal 0

[loTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
N TEPMOTEXHUYKINX
mepa

. 77% 84%
Energy consumption

after refurbishment
measures
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b3
B3

CrambeHa cnobopgHocTtojeha 3rpaga

CnnyHm 06jekTn
Similar buildings

Oooo
00 0O J<s0%
~ > 00

Free-standing residential building

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1919-1945 Year of construction 1919-1945

bpoj eTaxa 4 (Mo+M+2+MK) Number of floors 4 (B+Gf+2+L)

bpoj ctaHoBa 7 Number of apartments 7

MoepuwuHa (M?) HeTo rpejaHa  300-350 Area (m?) Net heated 300-350
3anpemuHa (m?) HeTo rpejaHa 800-900 Volume (m?) Net heated 800-900

CrambeHa 3rpafla npaBOyraoHe OCHOBE, Ca M/UT-
KM Y4eTBOPOBOAHMM KpOBOM, rae je kof sehuHe obje-
KaTa HeuckopuwheHn TaBaHCKM MPOCTOP BPEMEHOM
ajanTMpaH y ctambeHu. 3MA0BKM Cy MacWBHU, 3vAaHM
MyHOM OMeKOM CTaHfapAHOr popmaTa, ManTepucaHn y3
AMCKPeTHY dacaaHy mnacTuky. [Mpo3opun cy ApBeHn ca
WWPOKOM KyTWjOM W eClIMHrep poneTHama, AuMeH3nja
Koje ofroBapajy HewTo Behoj cnpaTHOj BUCKUHK. Mehy-
CNpaTHe KOHCTPYKLMje Cy iPBEHE, OCUM W3HaA NOAPYMa
rAe je Hajuyelhe Heka BpCTa cUTHOpebacTe TaBaHULLE.

A residential building with a rectangular floor plan
and a shallow hipped roof. In most buildings, the disused
loft has been converted into a residential space. The
massive, solid old-format brick walls are rendered and
display discrete plasterwork. The wooden windows are
in wide casings with Esslinger roller shutters and their
size corresponds to a relatively tall floor height. The floor
constructions to the loft are mostly wooden while the
one above the basement is a flat or ribbed concrete
slab.



CrambeHa 3rpaja ca MacMBHUM dacapHWUM 3uLOBU-
Ma off oneke 6e3 Tepmou3onauyje. Tepmorpam nprikas-
yje paBHOMepHe rybutke TOnnoTe Kpo3 dacagHe 3umo-
Be Ca HarnaleHyM 30HamMa XOPU3OHTaNHUX apMUPaHO
GETOHCKUX cepknaxa. lojeanHy Npo3opu Cy 3amMerse-
HW caBpemeHumM of MNBL npodwuna 1 [obpux cy Tepmmny-
KX KapaKTepUCTMKa [JOK Ce OPUrMHANHW KapakTepuily
13Pa3nTM TOMNOTHUM ryOULMMA.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
266

b - nepwvion 1919 - 1945, B — period 1919 — 1945

A residential building with massive fagade brick walls
without thermal insulation. The thermal image shows
heat losses evenly distributed through facade walls,
particularly intense at horizontal reinforced concrete ring
beams. Some windows have been replaced with modern
PVC with good thermal performance in contrast to orig-
inal constructions characterized by noticeable heat loss.

Energy class of building - existing state

Q,,, kWh/(m?a)]
186

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3ug 1

External Wall 1

U (W/m?K)

Cnosballtsen 3ug 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
cTeneHuwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31[] Ka HerpejaHom
CTEeNeHULTY 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 38cm,
Mantep 2cm
plaster 2cm, brick wall 38cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosa Outside

ManTep 2cm, oneka 38cm, mantep 2cm,
Tepmomsonauuja 10cm, mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 38cm, mantep 2cm,
Tepmomsonauuja 15cm, mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 15cm, plaster 1cm

1.67 028 0.20

(] (9] () & (] () &

be) be) be] he) be]

7 2 7 7 @

k= = < = <

3 © 3 © 3

= I I

= 5 = 5 =

= S = N e = -
() o

Mantep 2cm, oneka 25cm, mantep 2cm
plaster 2cm, brick wall 25cm, plaster 2cm

ManTep 2cm, oneka 25cm, mantep 2cm,
Tepmousonauuja 10cm, mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

Cnorba Outside

ManTep 2cm, oneka 25cm, mantep 2cm,
Tepmomsonauuja 15cm, mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 15cm, plaster Tcm

1.26 0.27 0.19
[} [} (5} [} (5} (]
° © °© o © ©
2 g = g = g
g 3 & 5 B 3
> S > 2 > 2
= 2 = 2 = 2
(@] (@) (@]
Mantep 2cm, oneka 38cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 38cm, Mantep 2cm,
plaster 2cm, brick wall 38cm, plaster 2cm NO CHANGES Tepmom3onaumja 5cm, mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm
1. 1.13 042
[ () (] [ () [}
3 A s = 3
C = C = C =
® 3 [ S © S
= 3 2 E 3 2 3
3 s I =S °o Z 2
(@] (@] (@]
Mantep 2cm, oneka 29cm HEMA M3MEHA rMNCcKapToHcke niove 1.25 cm, TepMoun3sona-
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES umja 5 cm, mantep 2cm, oneka 29cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, plaster 1cm
1.45 1.45 047
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)
MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/mZK)

Koc kpos
(apanTauymja)

Pitched Roof
(Renovation)

U (W/mZK)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

6pofCcKM NoA 2CM, NOTNATOCHULE Y NecKy
5cm, necak 3cm, 6eToHcKa nnova 10cm,
HabujeHa 3emrba

wood decking 2cm, sleepers 8/5 in sand
bedding 5cm, sand 3cm, concrete slab
10cm, rammed earth

1.03

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, fawyaHn cenu nog 2.5cm,
noTnaTtocHuue y necky 5 cm,, Xepbct”
TaBaHMua 30cm

parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
semi prefabricated Herbst ribbed concrete
slab 30cm

0.84

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorsba Outside

HEMA M3MEHA
NO CHANGES

0.27

YHyTpa Inside

Cnorba Outside

napkeT 2.2cm, allyaHuy cnenuv nog 2.5cm,
MOTNATOCHMLE Y Necky 5 cm,, Xepbct”
TaBaHuua 30cm, Tepmomsonaumja 10cm,
mantep 1cm

parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
semi prefabricated Herbst ribbed concrete
slab 30cm, thermal insulation 10cm, plaster
Tcm

0.18

Cnosba Outside

Y

YHyTpa Inside

pasaH 1M, Tep nanwp, facke 2,4cm, por
10/14cm Ha 80cm / Tepmom3sonauuja 14 cm,
AJl donuja, rmnckapToHcKe naove 1,25cm
sheet metal, roofing paper, plank 2.4cm,
rafter 10/14cm at 80cm distance / thermal
insulation 14cm, aluminium foil, gypsum
board 1.25cm

043

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

0.18

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.20

YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, falyaHn cnenu nog 2.5cm,
noTnaTocHu1ue y necky 5 cm,, Xepbct”
TaBaHuua 30cm, Tepmowzonaumja 15cm,
mMantep 1cm

parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
semi prefabricated Herbst ribbed concrete
slab 30cm, thermal insulation 15cm, plaster
lcm

0.10

Cnosba Outside

SIS

YHyTpa Inside

paBaH 1M, Tep Nanwp, facke 2,4cm, por
10/14cm Ha 80cm / Tepmovisonaumja 14
cm, Tepmowzonaumja 10 cm, AJT ponwja,
rMNCKapTOHCKe nnoye 1,25cm

sheet metal, roofing paper, plank 2.4cm,
rafter 10/14cm at 80cm distance / thermal
insulation 14cm, thermal insulation 10cm,
aluminium foil, gypsum board 1.25cm

0.18
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

v
&,

[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kprivma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTakoM

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

-
s

[lpBeH ca iBOCIOjHIM M30NALMOHIM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCMOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00

[psenra HEMA M3MEHA HEMA M3MEHA
Wooden NO CHANGES NO CHANGES
3.50 3.50 3.50

Cuictemu rpejatba 1 npunpeme Tomse Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuiiherba
cucTema rpejarba
Heating system
efficiency factor

P Ay

Lt

LleHTpanHo rpejatbe - MasyT

Centralized radiator heating system/ heating
oil

"

LleHTpanHmn cuctem rpejarsa,

HUCKOTEMMNEepaTypHW KOTAao Ha 3eMHM rac

(BapwjaHTa - KOTao Ha ApBo/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets

or logs)

LleHTpanHu cuctem rpejarba,
KOH[IEH3aLMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
orlogs)



b - nepwvon 1919 - 1945, B — period 1919 — 1945

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
'./
1S
EnexTpuunu 6ojnep LleHTpanHu cnctem nprnpeme LleHTpanHy cuctem npunpeme
- ToMNe CaHWTapHe Bofje nose3aH ca TOMNe CaHUTapHe Bofje nose3saH
Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM
- COnapH¥X KonekTopa
Central supply with a domestic -
hot water - DHW cylinder in Central supply with a domestic
combination with a heat generator hot water - DHW cylinder in

combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/13onoBarbe dpacafHvx 31[0Ba KOHTAKTHOM TepMOM30naLMoHOM dacafom. V30noBare XOPU3OHTanHe KOHCTPYKLMje M3Haf HerpejaHor
noapyma. Yrpafikea HoBUX $pacafHvx [pBEHMX NPO30pa Ca ABOC/IOJHMM M30NaLMOHUM HUCKOEMUCUOHMM CTaKNO-NakeToM. Yrpaitba HOBYIX
KPOBHWX anyMUHWJYMCKUX NMPO30pa ca yHanpeheHUm TepMONpeKniom ¥ JBOCIOJHAM M301aUMOHMM HUCKOEMUCUOHMM CTaKNO-NaKeToM.
®  IHcTanaumja LEHTpanHor cuctema rpejakba W npunpeme Tomnne CanuTapHe BOAE Ca HWUCKOTEMMNEPATYPHWM KOTIIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEM rpejakba Ca M30M10BaHUM LIEBHUM BOAOBMMA ¥ BPEMEHCKVIM/TEMNEPATYPHIM Perynatoprima.
Thermalinsulation of facade walls with a contact fagade system. Insulation of the floor construction above the unheated basement. Installation
of new wooden fagade windows with double-glazed low-emissivity glass unit. Installation of new aluminium roof windows with improved
thermal break and double-glazed low-emissivity glass unit. ® Central heating and domestic hot water supply with a low temperature gas
boiler. Low temperature heating system with insulated pipes and time and temperature programmable control unit.

130n0Batbe dacaHnx 31A0Ba KOHTAKTHOM TepMOoV30naLMoHOM Gacafom. V130n0Barbe yHyTpalbiiX 3140Ba NpemMa HerpejaHom NpocTopy
(xonHuK/CcTeneHuLTe). VI30N10Bakbe XOPU30HTaNHE KOHCTPYKLWje U3HaA HerpejaHor noapyma. [lofaTHO M3010Barbe KPOBHE KOHCTPYKLMje ca
YHyTpalUtbe CTpaHe. Yrpafrba HoBX dacapHvx npo3opa of MNBL| npoduna ca TPOCNOjHM M30MaLMOHUM HACKOEMUCUOHUM CTaK/0-NaKeToM.
Yrpagta HOBUX KPOBHWX anyMUHWYMCKMX Npo3opa ca yHanpeheHUM TepMonpeknpom, v TPOCIOJHUM M30MALMOHNM HUCKOEMUCUOHIM
CTakno-naketom. ® VIHcTanaumja LEHTPanHor cuctema rpejarba vi npunpeme Tore CaHnTapHe BOAE Ca KOHAEH3aLWOHVM KOTNIOM Ha 3eMHM
rac. VIHcTanauwja [OMyHCKOr CYCTeMa CONapHYX KONEKTopa 3a NoAPLUKY Y NpUnpemy Tonse CaHUTapHe BOAe.

Thermal insulation of fagade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation of
the floor construction above the unheated basement. Additional insulation of the roof construction from the inside. Installation of new PVC
facade windows with triple-glazed low-emissivity glass unit. Installation of new aluminium roof windows with improved thermal break and
triple-glazed low-emissivity glass unit.  ® Central heating and domestic hot water supply with a condensing gas boiler. Additional solar
thermal system for DHW heating.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHn ryéunum 700 700 700
enemMeHata TepMUYKor

Heat loss through the

500 500
thermal envelope

[W/K] 400 400

200 200

100 &

BOOi 300 300
100

I I u I I | I |

1 3 4 5 2 3 4 5 1 2 3 4

2 6 7 1

|
6 7 7

5 6

1 - Cnosalutby 31, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom ctenernTy, 5 — Mog Ha Ty,
6 — MehycnpaTHa KOHCTpYKUMja U3HaA HerpejaHor noapyma, 7 — Koc kpos

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 —Wall to unheated staircase, 5 — Ground floor,
6 — Floor construction to unheated basement, 7 - Pitched roof
[kWh/m?/ year]

EHepreTckin paspes

; | ) I

Energy class

CneundwnuHa rogmiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ emso ] [ e ] [[20704 |
& e ot

[ T [ e e N
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTK 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHuk PC', 6p.61/2011)



b - nepvog 1919 - 1945. B - period 1919 - 1945

YHanpeherbe TepMMUKOr oMOTaya ca CUCTEMOM rpejakba — eHepreTcky GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Feating energy FIIIIII HI R ! IR A
demand 0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel MaszyT fac fac

Heating oil Gas Gas

[pvmapHa eHepruja

Primary energy
[KWh]
64498
66%
[ T

75730
77%

Emncmja CO,

CO, emission

| [ O B B |
[t] 0 50 100% 50 100% 0 50 100%

[oTpowrba eHepruvje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mepa

63% 75%

Energy consumption
after refurbishment
measures
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B4
B4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm o6jekTy
Similar buildings

Oooo
000 J<so%
~ > 00

Residential building —lamela

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1919-1945 Year of construction 1919-1945

bpoj eTaxa 3 (Mp+2) Number of floors 3 (Gf+2)

bpoj ctaHoBa 10-15 Number of apartments 10-15

MoepuwuHa (M?) HeTo rpejaHa 500 Area (m?) Net heated 500

3anpemuHa (m?) HeTo rpejaHa 1500 Volume (m?3) Net heated 1500

CrambeHa namena - ABOTPAKT Ca KOCUM CIIOMKEHVM
KPOBOM. [loApYMCKM MPOCTOP Ce YecTo LeIMMUYHO
KOpKCTV 3a 6opaBak (y AeHnBenaumjn), LOK je Ko MHOTIX
objekaTa TaBaHCKM MPOCTOP BPeMeHOM adamTupaH Yy
CTambeHn. 3MA0BM Cy MACKBHM, 3UAAHWU MYHOM OMNEKOM
CTapor dopmata, ManTepucaHy y3 AUCKPeTHY dacagHy
nnactuky. po3opu Cy nojeavHauHK, OMMEH3Mja Koje
ofiroBapajy HelTo Behoj cnpatHoj BUCUMHK. Mehycnpat-
He KOHCTpyKLUMje Cy APBEHE, OCUM V3Haf NOAPYMa rAe je
Hajuelwhe Heka BPCTa CMTHOpebpacTe TaBaHuLe.

A lamela residential building with two wings and a
complex pitched roof. The basement area is often occu-
pied in segments where the levels were adjusted to the
sloping terrain, and in many buildings, the loft area has
been converted into a residential space. The massive,
solid old-format brick walls are rendered and display
discrete plasterwork. The wooden single windows in
wide casing, with sizes that correspond to a relatively tall
floor height. The floor constructions to the loft are most-
ly wooden while the one above the basement is a flat or
ribbed concrete slab.
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CrambeHa namena ca 13pasmto MacBHUM GacagHnm
31a0BKMMa Of oneke 6e3 Tepmousonauuje. Tepmorpam
npviKasyje paBHOMepHe ryouTKe TonnoTe Kpo3 pacagHe
31aoBe ca nosehaHUM MHTEH3UTETOM Y 30HM HATNPO30p-
HUX rpefa (1 Kof 3a3ugaHor oTBopa Npusemsba). [ojeaun-
HW NPO30PU Cy 3amerbeHn caspemerim oA MBL npoduna
1 0OBPYIX Cy TEPMUUKNX KapaKTepHCTUKA AOK Ce OpUri-
HaNHM KapaKTePWLLY 13Pa3nUTUM TOMNOTHVM ryOULIMMA.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
313

A residential lamela building with massive facade
brick walls without thermal insulation. The thermal
image shows heat losses evenly distributed through
facade walls, particularly intense at lintel beams (and at
walled-up ground floor opening). Some windows have
been replaced with modern PVC with good thermal
performance in contrast to original constructions char-
acterized by noticeable heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
219

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3ug 1

External Wall 1

U (W/m?K)

Cnosballtsen 3ug 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
CTeneHuLTY

Partition Wall
to Unheated Staircase

U (W/m?K)

3u1f Ka CycefHoj
namenu (aunatauwja)

Wall to the Adjacent
Entrance (dilatation)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

manTep 2cm, oneka 44cm, mantep 2cm
plaster 2cm, brick wall 44cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosa Outside

ManTep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonauuja 15 cm, mantep 1 cm
plaster 2cm, brick wall 44cm, plaster 2cm,
thermal insulation 15cm, plaster 1cm

112 026 020
(] (9] () (] ()
° ° ° °© © o
2 s 3 s 3 *
< 5 < 5 < <]
8 S 3 S 3
= I I <
a Sz s 2
= S = e =

) )

Mantep 2cm, oneka 29cm, mantep 2cm
plaster 2cm, brick wall 29cm, plaster 2cm

ManTep 2cm, oneka 29cm, mantep 2cm,
Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

Cnorba Outside

ManTep 2cm, oneka 29cm, mantep 2cm,
Tepmomsonauuja 15 cm, mantep 1 cm
plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 15cm, plaster Tcm

1.51 0.28 0.22

sl ] < s} 5 s}

© o © (@] © O

2 3 2 3 2 3

z S L °o I e
(@] (@) (@]

Mantep 2cm, oneka 29cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 29cm, mantep 2cm,

plaster 2cm, brick wall 29cm, plaster 2cm NO CHANGES Tepmom3onauuja 5 cm, mantep 1 cm

plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

133 1.33 045

5 S st ° sl 5

2 3 i e 3 ¢ |- E

g © g ] © g [ ©

2 5 i 5 = =0 5

= = > c > [
(@] (@) o

ManTep 2cm, orneka 29cm HEMA N3MEHA HEMA N3MEHA

plaster 2cm, brick wall 29cm NO CHANGES NO CHANGES

1.42 1.42 142
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CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?*K)

MebycnpaTHa
KOHCTpYyKLWja M3Haa
HerpejaHor npoctopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKLUWja NCNoa
HerpejaHor NpocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

6pofCKM NoA 2CM, NOTNATOCHULE Y NecKy
8/5 cm, GeToHcKa nnova 10cm, HabujeHa
3emsba

wood decking 2cm, sleepers 8/5 in sand
bedding, concrete slab 10cm, rammed earth

0.59

YHyTpa Inside

Cnosba Outside

napKeT 2.2cm, falyanHun cnenv nog

2.5cm, notnatocHuLe y necky 8/5 cm,
cuTHOpebpacTa TaBaHMUa 35cm

parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
ribbed concrete slab 35cm

1.39

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorsba Outside

HEMA M3MEHA
NO CHANGES

0.59

YHyTpa Inside

Cnosba Outside

napKeT 2.2cm, faluyaHun cnenu nog 2.5cm,
NOTNaTOCHWLE y necky 8/5 cm, crTHopebpacTa
TaBaHWLa 35cm, Tepmons. 10 cm, ManTtep 1cm
parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding

5cm, ribbed concrete slab 35cm, thermal
insulation 10cm, plaster Tcm

0.29

Cnosba Outside

YHyTpa Inside

necak 2cm, 6naTo ca nnesom 5cm,
cuTHOpebpacTa TaBaHwuUa 35cm, TpLyaHu
nnadoH 5cm

sand 2cm, rammed earth with chaff 5¢cm,
ribbed concrete slab 35cm, straw - plaster
ceiling 5cm

1.16

Cnosba Outside

YHyTpa Inside

LieMeHTHa Kowwysbumua 5 cm, MBLL donnja,
Tepmow3onaumja 10 cm, cutHopebpacTa
TaBaHMUa 35cm, TpLYaHu nnadoH 5cm
cement screed 5cm, PVC foil, thermal
insulation 10cm, sand 2cm, rammed earth
with chaff 5cm, ribbed concrete slab 35¢m,
straw - plaster ceiling 5cm

0.26

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.59

YHyTpa Inside

T T
08004

) &.2.0.8 8
Cnosba Outside

napkeT 2.2cm, AalyaHun cienv noa
2.5cm, notnatocHuLe y necky 8/5

cm, cuTHOpebpacTa TaBaHwLa 35cm,
Tepmowmsonaumja 15 cm, mantep 1 cm
parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding
5cm, ribbed concrete slab 35cm, thermal
insulation 15cm, plaster Tcm

0.20

Cnosba Outside

S T PR A Te
YOO EOL G000

YHyTpa Inside

LlemeHTHa Kowyrbuua 5 cm, MBL donwja,
Tepmousonauwja 15 cm, cutHopebpacTa
TaBaHwuUa 35cm, TpwyaHn naadoH 5cm
cement screed 5cm, PVC foil, thermal
insulation 15cm, sand 2cm, rammed earth
with chaff 5cm, ribbed concrete slab 35cm,
straw - plaster ceiling 5cm

0.19
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

[Npo3opwu

Windows

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

L]
1'1‘"‘:

[pBeHW, ABOCTPYKM Ca pa3MakHyT!M
Kprivma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKnom

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

e
- .

[lpBeHn ca ABOCNOjHIM M30MaLUNOHIM
HVMCKOEMUCMOHUM CTaK/10-NakeToM
NCMYHEHVIM HEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHIM CTaKN0-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

3.50 1.50 1.00

[pBeHa, fynnowneposaHa HEMA M3MEHA HEMA M3MEHA
Wooden, plywood leaf NO CHANGES NO CHANGES
3.00 3.00 3.00

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

MNojeanHaure nehn Ha cTpyjy

Single electric stove

0.75

"

LleHTpanHmn cuctem rpejarsa,
HUCKOTEMMePaTyPHU KOTAO Ha 3eMHU rac
(BapwjaHTa - KOTao Ha ApBo/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
orlogs)

0.90 |

LleHTpanHu cnctem rpejarba,
KOH[IEH3aLMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
orlogs)

| 1.03
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Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
! 7
i S

EnekTtpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHu cuctem npunpeme

- Tonne CaHMTapHe BOAe NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH

Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/13onoBarbe dpacafHvx 31[0Ba KOHTAKTHOM TepMOM30naLMoHOM dacafom. V30noBare XOPU3OHTanHe KOHCTPYKLMje M3Haf HerpejaHor
npoctopa (nofpym). M3onosarbe XOPU3OHTaANHE KOHCTPYKLMjE WCMOZ HerpejaHor nNpoctopa (TaBaH).Yrpafrba HOBWX [pPBEHMX NPo3opa
Ca [BOCOjHNM M30M1aUMOHUM HUCKOEMUCHOHMM CTaKO-NMaketom.  ®  VHCTanauuja UeHTPasHOr CUCTema rpejarba 1 npunpemMe Torne
CaHUTapHe Bofe Ca HUCKOTeMMepaTypHUM KOTIOM Ha 3eMHM rac. HckoTemnepaTypH CYCTeM rpejarba Ca M3010BaHMM LIEBHYVIM BOAOBVMA 1
BpEMEHCKIM / TeMnepaTypHUM perynatoprma.

Thermal insulation of fagade walls with a contact fagcade system. Insulation of the floor construction above the unheated area (basement).
Insulation of the floor construction under the unheated area (attic). Installation of new wooden facade windows with double-glazed low-
emissivity glass unit. ® Central heating and domestic hot water supply with a low temperature gas boiler. Low temperature heating system
with insulated pipes and time and temperature programmable control unit.

130n0Batbe dacaHnx 31A0Ba KOHTAKTHOM TepMOoV30naLMoHOM Gacafom. V130n0Barbe yHyTpalbiiX 3140Ba NpemMa HerpejaHom NpocTopy
(xopHWK/CTeneHnwTe). V3onoBarbe XOPU3OHTaNHe KOHCTPYKLMje W3Had HerpejaHor npoctopa (nogpym). V3010Batbe XOPU3OHTasHe
KOHCTPYKLMje MCNOA HerpejaHor NpocTopa (TasaH). Yrpaaksa HoBUX npo3opa oA MBLL npodwna ca TpociojHUM 1301aLMOHUM HUCKOEMUCHIOHKM
CTakno-naketom. ® VHCTanauwja LeHTpanHor cuctema rpejatba 1 npunpeme Torsle CaHUTapHe Bofe Ca KOHAEH3aLMOHVM KOTAIOM Ha 3eMHU
rac. VIHcTanauwja fOMyHCKOT CYCTEMa CONapHYIX KONeKTopa 3a NOAPLUKY Y NpUnpemMy Tonse CaHUTapHe BOAE.

Thermal insulation of fagade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation of
the floor construction above the unheated area (basement). Insulation of the floor construction under the unheated area (attic). Installation
of new PVC windows with triple-glazed low-emissivity glass unit. @ Central heating and domestic hot water supply with a condensing gas
boiler. Additional solar thermal system for DHW heating.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TornnotHw ry6uum 1200 1200 1200
enemeHaTa TepMUYKOr I
oMOTaya 3rpage
B 1000 1000 1000
Heat loss through the
thermal envelope 800 300 800
[W/K] I

600 I 600 600

400 I = 400 400

200 200 8 200

12 3 4 5 6 7 8 12 3 4 5 6 7 8 12 3 4 5 6 7 8

1 — Cnosbalutbu 3ug, 2 — Mpo3opy v 6ankoHCKa BpaTa, 3 — YnasHa Bpata, 4 — 31f Ka HerpejaHom CTeneHunwTy, 5 — 31 Ka CycenHoj namenw/
aunataumja, 6 — Moa Ha Ty, 7 — MehycnpaTHa KOHCTPYKUMja M3Haa HerpejaHor nogpyma, 8 — MehycnpatHa KOHCTPYKLWMja Ka HerpejaHoM TaBaHy

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Dilatation wall, 6 — Ground floor,
7 - Floor construction to unheated basement, 8 — Floor construction to unheated attic

CneundnuHa roamitba

notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy 144 (66%) 164 (75%)
demand per year
[kWh/m?/ roguiitse]
[

[kWh/m?/ year]

EHepreTckin paspes

U

Energy class

®uHanHa eHepruja

Final ener
e [ e A E N R [ T e A |

50 100% 0 50 100% 0 50 100%

o

[KWh]

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTK 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHuk PC', 6p.61/2011)



b - nepvog 1919 - 1945. B - period 1919 - 1945

YHanpeherbe TepMMUKOr oMOTaya ca CUCTEMOM rpejakba — eHepreTcky GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHepruja notpebHa 3a
rpejarce

Heating energy _

demand

[KWh]

EHepreHT

Fuel EnexkTpruHa eHepruja
Electricity

YHanpebhetbe T Improvement 1

lac
Gas

YHanpebherbe 2 Improvement 2

55891
(e

[ac
Gas

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowra eHepruvje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

95187
12%

666648
88%

72%

61480
8%

700355
92%

82%
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b5
B5

CrambeHa 3rpaga y oKBupy

Cnnunm o6jekTy
Similar buildings

Oooo
000 J<so%
~ > 00

Residential building in a row

rpagckor 6noka

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1919-1945 Year of construction 1919-1945

bpoj eTaxa 5 (Mo+Mp+3+T1k) Number of floors 5 (B+Gf+3+L)

bpoj ctaHoBa 10-15 Number of apartments 10-15

MoepwwHa (M?) HeTo rpejaHa 1000 Area (m?) Net heated 1000

3anpemuHa (m?) HeTo rpejaHa 2500 Volume (m?) Net heated 2500

CrambeHa BUWeCNpaTHMLA OCHOBE Koja je mpuna-
roheHa napuenaumjy TpPaAUUMOHANHOT rpacKkor 6okKa.
/13a HasmaKa je KOC KPOB, Ca TaBaHCKMM MPOCTOPOM Koju
je BpemeHoM Hajuelwhe aganTtvpaH y ctambeHn. acagHu
310BM CY MAaCUBHM, 31MAAHN MYHOM OMeKOM Yy AebsbrHa-
Ma 25-5Tcm, obpaheHwn aekopaTMBHYM hacaHVIM ManTe-
POM Y3 reoMeTpr30BaHy dacaHy NnacTuky. Mpo3opu cy
APBEHN, Ca WNPOKOM KyTUjOM W [pBEHUM "ecnnHrep”
poneTtHama. [opyMCKIM MPOCTOP Ce YrNaBHOM He Kopuc-
TV 3a BopaBak, a Nprsemsbe je ctambeHo. MehycnpaTHe
KOHCTpYyKLUWje Npema TaBaHy Cy YrNaBHOM [ipBeHE, AOK je
TaBaHWUA@ M3Haa NoapymMa BETOHCKA, nioYa Unu CUTHO-
pebacTa TaBaHumLa.
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A multi-storey residential building with a floor plan
adjusted to traditional city block layout. There is a pitched
roof behind a parapet, with a loft most usually converted
into a residential space. The massive facade walls were
built of solid 25--51cm brick with decorative rendering
and geometric plasterwork. The wooden windows are
in wide casings with Esslinger roller shutters. The base-
ment is generally unoccupied while the ground floor is
used for residence. The floor constructions to the loft are
mostly wooden while the one above the basement is a
flat or ribbed concrete slab.



b - nepwvion 1919 - 1945, B — period 1919 — 1945

CrambeHa 3rpaja ca MacMBHUM dacapHWUM 3uLOBU-
Ma off oneke 6e3 Tepmou3onauyje. Tepmorpam nprikas-
yje rybutke Tonnote Kpo3 GacagHe 3unoBe ca Harnalle-
HUM VHTEH3UTETOM Y 30HaMa XOPU30OHTaIHVIX aPMUPaHO
BETOHCKIMX CepKaxa 1 NapaneTa Kao nocneanLia CMare-
He aebrbuHe 31aa. [pUMeTHY Cy U3pa3nTy rybuL Tonsno-
Te Ha W30ry NpY3eMHOr flokana v NojefAuHUM, Opuri-
HaNH1M, APBEHVM NPO30PUMa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

213

A residential building with massive fagade brick walls
without thermal insulation. The thermal image shows
heat losses through facade walls particularly intense at
horizontal reinforced concrete ring beams and parapets,
resulting from reduced wall thickness. There is remarka-
ble heat loss at the display window on the ground floor
and particular original wooden windows.

Energy class of building — existing state

Q,,, kWh/(m?a)]
149

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

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

External Wall 2

U (W/m?K)

31f Ka HerpejaHom
CTeneHuwTy

Partition Wall
to Unheated Staircase

U (W/m?K)

314 Ka CycejHoM
00bjeKkTy

Wall to the Adjacent
Building

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

Mantep 2cm, oneka 25cm, mantep 2cm
plaster 2cm, brick wall 25cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 25cm, mantep 2cm,
Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 25cm, mantep 2cm,
Tepmomsonauuja 15 cm, mantep 1 cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 15cm, plaster Tcm

1.67 0.28 0.22
(9] [} [} (9] [}
& Z > Z o
Z £ 2 Z £
i 5 B 3 &
I I I
B 5 B 5 B
= e = 2 =
O ]

Mantep 2cm, oneka 38cm, TepaHoBa 3cm
plaster 2cm, brick wall 38cm, decorative
plaster Terranova 3cm

ManTep 2cm, oneka 38cm, TepaHoBa 3¢m,
Tepmousonauuja 10cm, mantep 1 cm
plaster 2cm, brick wall 38cm, decorative
plaster Terranova 3cm, thermal insulation
10cm, plaster 1cm

Cnosba Outside

ManTep 2cm, oneka 38cm, TepaHoBa 3¢m,
Tepmomsonauuja 15 cm, mantep 1cm
plaster 2cm, brick wall 38cm, decorative
plaster Terranova 3cm, thermal insulation
15cm, plaster 1cm

1.26 0.27 0.21

S ] e sl 5 ]

g8 © g ] © g ©

(@] (@) (o]

ManTep 2cm, oneka 25cm, Mantep 2cm HEMA N3MEHA ManTtep 2cm, oneka 25cm, Mantep 2cm,

plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES Tepmou3sonauuja 5cm, mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

145 145 0.46

(9] [} (5} (9] (5} [}

° ° ° ° © °

2 g £ g g g

B S B S & S

> & > 2 > 2

= 2 = 2 = 2

(@] (@) (o]

ManTep 2cm, oneka 38cm HEMA N3MEHA rMNC KapToHCKe nnoye 1,25 cm, TepMowr3ona-

plaster 2cm, brick wall 38cm NO CHANGES uMja 5 cm, manTep 2cm, oneka 38cm
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 38cm

1.23 1.23 043




b - nepwvion 1919 - 1945, B — period 1919 — 1945

CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTpYyKUWja M3Haa
HerpejaHor npocTopa
(nonpym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

Koc kpos
(apanTaymja)

Pitched Roof
(Renovation)

U (W/m?K)
MehycnpatHa
KOHCTPYKUMja 13Hag
OTBOPEHOr Nposasa

Floor Construction
to Outside Area

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

napKeT 2.2cm, AallyaHn cnenwvi nog 2.5cm,
notnatocHuLe y necky 8/5 cm, Ab nnoya 20cm
parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
reinforced concrete slab 20cm

127

YHanpeherbe 1 Improvement 1
YHyTpa Inside

R AR RS E AR AOR SRS X R
BTSSR EEE '

Cnosba Outside

napKeT 2.2cm, falyanHun cnenv nog

2.5cm, noT-natocHuue y necky 8/5cm,

AB nnoya 20cm, Tepmonsonaumja 10cm,
rMNCKapTOHCKe noye 1.25cm

parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
reinforced concrete slab 20cm, thermal
insulation 10cm, gypsum board 1.25cm

0.29

Cnospa Outside

YHyTpa Inside

XIbebrbeHw Lpen, nonpeyHe neTse, NogyKHe
neTse, Tep nanup, facke 2,4cm, por 12/14cm
Ha 80cm / Tepmomson. 10cm + Bazayx 4cm,
IE ponwja, rmnckapToHcke nnoye 1,25cm
clay roof tiles, battens, counter battens, roof-
ing paper, planks 2.4cm, rafter 12/14cm at
80cm distance/air 4cm + thermal insulation
10cm infill, PE foil, gypsum board 1.25cm

043

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, galyaHv cnenu nog 2.4cm,
noTnaTocHuLe y necky 5cm, Ab pebpacta
KOHCTPYKUMja 5+20cm, TpLudaxy nnadoH 5cm
parquet 2.2cm , wooden subfloor 2.4cm,
wooden sleepers 8/5 in sand bedding 5cm,
reinforced concrete ribbed slab 5+20cm,
straw-plaster ceiling 5cm

0.92

Cnosba Outside

il

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

043

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, fallyaHy cnenv nog 2.4cm,
notnatocHwLe y necky 5cm, Ab pebpacta KoH-
CTpyKUmja 5+20cm, Tpldanm nnadoH 5cm, Tep-
mMowmsonauwja 10cm, mantep Tcm

parquet 2.2cm , wooden subfloor 2.4cm, wood-
en sleepers 8/5 in sand bedding 5cm, reinforced
concrete ribbed slab 5+20cm, straw-plaster ceil-
ing 5cm, thermal insulation 10cm, plaster 1cm

0.29

YHanpehetbe 2 Improvement 2

YHyTpa Inside

[ RO RS
OO 0L E L0

Cnosba Outside

napkeT 2.2cm, AalyaHu cnenu noj

2.5cm, notnatocHuLe y necky 8/5cm,

AB nnoua 20cm, Tepmomsonaumja 15cm,
rMNCKapToOHCKe nnoye 1.25cm

parquet 2.2cm, wooden subfloor 2.5cm,
wooden sleepers 8/5 in sand bedding 5cm,
reinforced concrete slab 20cm, thermal
insulation 15cm, gypsum board 1.25cm

0.21

Cnospa Outside

YHyTpa Inside

XIbebbeH Lipen, nonpeyHe neTse, NoayxHe
neTBe, Tep Nanup, facke 2,4cm, por 12/14cm Ha
80cm / Tepmowizon. 10cm + Basgyx 4cm, Tep-
Momzonaumja 15 cm, ME dponuja, rMnckapToHcke
nnove 1,25cm

clay roof tiles, battens, counter battens, roofing pa-
per, plank 24cm, rafter 12/14cm at 80cm distance/
air 4cm + thermal insulation 10cm infill, thermal in-
sulation 15cm, PE foil, gypsum board 1.25cm

0.16

YHyTpa Inside

ESEEEEIS a6

Cnosa Outside

napkKeT 2.2cm, galyaHu cnenn nog 2.4cm,
noTnaTocHuLe y necky 5cm, Ab pebpacta KoH-
CTpyKUMja 5+20cm, Tpldary nnadoH 5¢cm, Tep-
Momsonauwja 15cm, mantep 1cm

parquet 2.2cm , wooden subfloor 2.4cm, wood-
en sleepers 8/5 in sand bedding 5cm, reinforced
concrete ribbed slab 5+20cm, straw-plaster ceil-
ing 5cm, thermal insulation 15cm, plaster 1cm

0.21
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MocTojehe cTarbe Present state

gV

[pBeHM, ABOCTPYKM Ca PasMakHy UM
Kprimma (WMpoka KyTuja) 1 jeJHOCTPYKMM
CTakom

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-MaKeToOM
NCNYHEHUM VMHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
YCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[peeHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cUcTeMa rpejarba
Heating system
efficiency factor

[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system /fossil fuel/

0.85

[larbnHCKO Ha GoCuHa ropuea.
TepmocTaTcky BeHTUW. ModepHy3aLmja
NOACTaHuLe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

0.92 |

[larbHCKO Ha GoCuHa ropuea.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj TemrnepaTtypu.
Hannata npema notpouwrsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.

| 0.95




b - nepwvion 1919 - 1945, B — period 1919 — 1945

CucTemu rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnexTpuuny 6ojnep LleHTpanHu cnuctem nprnpeme LleHTpanHu cuctem npunpeme

- MoBe3aH Ca CYCTEMOM rpejarba. NOBE3aH Ca CUCTEMOM rpejatba 1

Electric boiler V13merbrBaY TonoTe Ca CUCTEMOM CONMAPHKX KOMEeKTopa.
CMPEMHUKOM Y MOACTaHULN. V13merbrBay TonmoTe ca

- CNPEMHUKOM Y NMOACTaHNLIM.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchangerin water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehewa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

130noBatbe pacagHMX 31A0Ba KOHTAaKTHOM TEPMOM30MALMOHOM dacafoM. V130M10Barbe XOPU3OHTaNIHE KOHCTPYKLMjE 13HaL OTBOPEHOr
nponasa. V3onoBarbe XOPW30OHTaNHe KOHCTPYKUWjE W3Haf HerpejaHor noapyma. Yrpaarba HOBWX APBEHMX MPO30pa Ca ABOCIOJHUM
30MaLMOHNM HVUCKOEMUCUOHMM CTakfo-NakeTom.  ®  Yrpafra TePMOCTATCKUX BEHTWNA No CTaHoBMMa. MogepHusauurja noactaHuLe
YrpaarOoM c1cTeMa 3a perynauujy NnpoToka npema CrosbHoOj TemnepaTtypu 1 Meperem MCnopyyeHe eHeprije. Hannata npema noTpoLutbu
MepPEeHOj y NOACTaHNLW. Yrparba LleHTPanHor ciucTema npunpeme Torse Boge NoBe3aHor ca CHCTEMOM rpejarba.

Thermal insulation of fagcade walls with a contact fagade system. Insulation of the floor construction above the open corridor. Insulation of
the floor construction above the unheated basement. Installation of new wooden windows with double-glazed low-emissivity glass unit.
® |nstallation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the
outside temperature and delivered energy measurement. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system.

/130noBatbe dacagHmnx 3MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM Gacafom. V13010Bate YHyTpallbyIX 3140Ba NpemMa HerpejaHom npoctopy
(XOAHWK/CTeNeHnwWTe). V130M10Barbe 3140Ba Ka CyceH1M ObjeKTUMa Ca YHyTpalutbe CTpaHe. [lonaTHo 13010Bate KPOBHE KOHCTPYKLVje ca
YHyTpalUtbe CTpaHe. M3010Barbe XOPU3OHTANHKX KOHCTPYKLMja M3HaZ OTBOPEHOT NpOonasa U HerpejaHor noapyma. Yrpaara Hosux npo3opa
on MNBL npoduna ca TPOCNOjHMM M30MALUMOHUM HUCKOEMUCUMOHNM CTaKI0-MaKeToM. YrpadHa TepMOU30/I0BaHX BpaTa.

® Yrpagsrba TepPMOCTaTCKIX BEHTWAMA MO CTaHOBMMA. MOAePHY3alUmMja NOACTaHNLE YrPafHOoM CUCTEMa 3a perynaLimjy NPOTOKa Npema CrosbHO)
TemMnepaTtypu 1 Meperem UCnopydyeHe eHeprije. Yrpadrba Mymne ca NPOMEHSbMBUM NMPOTOKOM U OYMTaBarbemM MOTPOLUHE eHepriuje.
Hannata npema NoTpowK MepeHoj y NOACTaHNUM. Yrpasitba LIeHTPaHOr CUCTeMa NpuUnpeme Tore BOAE NOBE3aHOr Ca CUCTEMOM Mpejatba,
Ca [I0NYHCKMM CUCTEMOM COMapHMX KONEKTOPa 3a MOAPLIKY Npunpeme.

Thermal insulation of facade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulating
side walls to the adjacent buildings from the inside. Additional internal insulation of the roof construction. Insulation of floor constructions
above the open corridor and the unheated basement. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation
of thermally insulated doors. ® Installation of termostatic valves in apartments. Modernization of the substation by installing controlling
flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump with variable flow and
reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central system for the hot
water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHn ryéunum 300 300 300
enemeHaTa TepMUYKOr .
oMOTaua 3rpage 700 700 700
Heat loss through the 600 600 600
thermal envelope
500 500 500
[W/K] I
400 I 400 400
300 I 300 300
200 I 200 200
100 | 100 i | 100
I I II I I -I | i
12 3 45 6 7 8 12 3 45 6 7 8 12 3 4 5 6 7 8

1 — Cnosalutby 31, 2 — Mpo3opu v 6ankoHcKa BpaTa, 3 — YnasHa spata, 4 — 31/ Ka HerpejaHom CTeneHnTy, 5 — 31a Ka CyceiHoM 06jexTy,
6 — MehycnpaTHa KOHCTpYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpaTHa KOHCTPYKLWja 13Haz OTBOPEHOr nporasa, 8 — Koc Kpos

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Wall to the adjacent building
6 — Floor construction to unheated basement, 7 - Floor construction to outside area, 8 — Pitched roof
CneunduruHa rognirba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy
demand per year

79 (53%) 103 (69%)

[kWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTckin paspes

Energy class

®uHanHa eHepruja

Final energy [ e ] [ e | [Fasamn]

e (e [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTK 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHuk PC', 6p.61/2011)



b - nepvog 1919 - 1945. B - period 1919 - 1945

YHanpeherbe TepMMUKOr oMOTaya ca CUCTEMOM rpejakba — eHepreTcky GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHepruja notpebHa 3a

rpejarce

Heating energy _

e [ A A Y A
0 50 100%

[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropunea
District heating / fossil fuel

YHanpebhetbe T Improvement 1

[arsuHcko, docunHa
ropuBa
District heating / fossil fuel

YHanpeherbe 2 Improvement 2

[aruHcko, ocunHa
ropvea
District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowrba eHepruvje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

169158
56%

50 100%

56%

217645
72%

72%






{ period 1946 — 1960




HaumnoHanHa Tunonorwja ctambenrix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

L1
CT

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm o6jekTy
Similar buildings

ooo oo
1 I:ll:l <! o

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oanHa n3rpagre 1946-1960 Year of construction 1946-1960
bpoj eTaxa 1 (Mp) Number of floors 1 (GF)

bpoj ctaHoBa 1 Number of apartments 1

MoepuwuHa (M?) HeTo rpejaHa 60 Area (m?) Net heated 60

3anpemuHa (m?) HeTo rpejaHa 150 Volume (m?3) Net heated 150

MpuizemHa Kyha KoMNakTHe NpaBoyraoHe OCHOBE, Ca
Manum 6pojem bacaHux otBopa. Kpos je nnuTak, 4etso-
POBO/HW ¥ TAaBAHCKM MPOCTOP Ce He KOPWCTU 3a bopa-
Bak. OBVMHM 310BK Cy Of MyHe Ofeke, ManTepucaHiu,
NOHeKa/] ca CBeAeHOM YKpacyma y GacajHOM ManTepy.
Mpo30pK Cy APBEHM, Ca CNObHUM 3acToprMa. XOpU30H-
TanHa KOHCTPYKLWja Npema TaBaHy je [pBeHa ca ucny-
HOM Of] 3eM/be 1 ManTepUCaHNM TPLIYAHMM M1adOHOM.

A ground floor house with a compact rectangu-
lar floor plan and a low window-to-wall ratio. The shal-
low hipped roof is above an unheated attic. The external
walls are of solid brick and rendered, occasionally with
minimal ornamentation in facade mortar. The wood-
en windows are fitted with external shades. The floor
construction to the attic is wooden, with earth infill and
rendered reed ceiling.



FARRRAN TR

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

MNopofnyHa kyha ca macviBHUM dacaHUM 31A0BU-
Ma ofi oneke 6e3 Tepmomsonaumje. Kyha ce He rpeje y
LeNoCTN 1 Ha TEPMOrpaMy Ce jaCHO MOXe BUAETH rpeja-
HW Aeo y BMAY 3aare cobe Ha nesoj dacaaun. GacagHu
310BM Npearbe dacase ca NPUMETHMM ryouLIMMa, MaKko
ce cobe He rpejy, y 30HV BETOHCKIX CEpKaxa v CoKIe.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
335

A family house with massive facade brick walls with-
out thermal insulation. The house is not entirely heat-
ed; the thermal image clearly shows the heated room
in the back section of the left facade. The front facade
walls show visible losses at ring beams and the plinth
although the rooms are not heated.

Energy class of building — existing state

Q,,, kWh/(m?a)]
251

<100
<150
<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

lNoa Ha Ty

Ground Floor

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 31A oA oneke 38cm,
Mantep 3cm

plaster 2cm, brick wall 38cm, plaster 3cm

117

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 314 of oneke 38cm,
ManTep 3cm, Tepmousonauuja 10cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 3cm,
thermal insulation 10cm, plaster Tcm

0.26

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3ua of oneke 38cm,
Mantep 3cm, Tepmonsonaumja 20cm,
mantep Tcm

plaster 2cm, brick wall 38cm, plaster 3cm,
thermal insulation 20cm, plaster Tcm

0.13

YHyTpa Inside

Cnosba Outside

napKeT y achanty 2.2cm, LemeHTHa
KoLysbula 5cm, xuapoursonaduja 1cm,
HabujeHn 6eToH 10cm,

WwbyHak 10cm

parquet on asphalt 2.2cm, cement screed
5cm, hydro insulation 1cm, rammed
concrete 10cm, gravel 10cm

0.64

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.64

YHyTpa Inside

a2

Cnosba Outside

napkeT 2.2cm, LeMeHTHa KoLy buua 3¢m,
TepMousonaumja 2cm, xnapovsonauuja 1cm,
HabujeHn 6eToH 10cm, WwibyHak 10cm
parquet 2.2cm, cement screed 3cm, thermal
insulation 2cm, hydro insulation 1cm,
rammed concrete 10cm, gravel 10cm

047




Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpehetbe 1 Improvement 1 YHanpeherbe 2 Improvement 2
Me‘r')ycn paTHa Cnorba Outside Cnorba Outside Cnorba Outside
KOHCTPYKUWja NCMOA 0eeeee e ;
HerpejaHor TaBaHa

Floor Construction

to unheated Attic YHyTpa Inside YHyTpa Inside YHyTpa Inside
HabujeHa 3emsba 6CM, ApBEHE TaBarbaye Tepmonsonaumja 14cm, fpBeHe TaBarbaye Tepmousonauuja 12cm, opBeHe TaBakbave
10/12cm Ha 80cm /6nato +apBeHe netse 10/12cm Ha 80cm /Tepmousonaunja 10/12cm Ha 80cm /Tepmousonauuja 12cm,
+CN0oj Basfyxa, TpLYaHn nnagoH 5cm 4cm-+apBeHe neTse +CNoj BasAyxa, TPWYaHW — TpLuYaHu nnapoH 5cm
- nnadoH 5cm -
rammed earth 6 cm, wooden rafters - thermal insulation 12cm, wooden rafters
10/12cm at 80cm / mud + batten + air layer,  thermal insulation 14cm, wooden rafters 10/12cm at 80cm /thermal insulation 12cm,
straw-plaster ceiling 5cm 10/12cm at 80cm / thermal insulation 4cm straw-plaster ceiling 5cm

+ batten + air layer, straw-plaster ceiling 5cm
U (W/m?K) 0.77 0.18 0.14
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTa

Windows and balcony
doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

CucTem 3arpeBatba
npocTopuja

MNMocTojehe cTarbe Present state

v
&,

[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kprivma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTaK/OM, iPBEHa PoneTHa

Wooden, double frame, double sash (wide
box) with single glazing, wooden roller blind

3.50

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCIOjHIM M30NALMOHIM
HICKOEMUCMOHUM CTaK/0-NaKkeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCMOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

)leBeHa Ca CTakneHom ncrnyHom

Wooden, leaf with glass

[lpBeHa, Kprno ca TepMor3onaLioHoM
NCnyHOM

Wooden, insulated leaf

[lpBeHa, KpWo ca TepMOM30MaLIMIOHOM
MCMYHOM

Wooden, insulated leaf

4.60 1.50 1.50
Cuctemun rpejal-ba nnpunpeme Tonsie soge Heating and hot water system
l--_“ 3 ﬁ _ ﬁ

Heating system

CreneH nckopuuiherba

cvicTema rpejarba

Heating system
efficiency factor

lNojeanHaure nehn Ha cTpyjy

Single electric stove

LleHTpanHm cuctem rpejarba,
HUCKOTEMMEePaTYPHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
or logs)

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHW KOTa0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2

( %

1S
EnekTtpuunm 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme
- TOM/e CaHWUTapHe BOAe NOBE3aH Ca TOM/e CaHUTapHe Bofe NoBe3aH
Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYIX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water — DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpehewa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpehetbe 2

Improvement 2

/130n0Batse hacafHx 3MA0Ba KOHTAKTHOM TEPMOV30M1aLIMOHOM Gacaflom. /13010BaH-e XOPU30HTaNIHE KOHCTPYKLIM]E Pema HerpejaHoM TaBaHy.
Yrpagrba HOBMX APBEHWX MPO30pa Ca ABOCOJHMM M30MaLMOHUM HUCKOEMUCUOHMM CTaKo-MakeToM. Yrpadra HOBMX TEPMOU3010BaHNX
Bpata. ® VIHCTanaumja LeHTpanHor cucTema rpejatba v nprunpeme Tonne CaHnTapHe Bofe ca HUCKOTEMMNePaTyPHUM KOT/IOM Ha 3eMHW rac.
HuckoTemnepaTypHU cUCTeM rpejarba Ca 130/10BaHVM LIEBHVM BOAOBMMA U BPEMEHCKMM/TeMNepaTypHVM perynatopuma.

Thermal insulation of facade walls with a contact fagade system. Insulation of the floor construction to the unheated attic. Installation of
new wooden windows with double-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors.  ®  Central heating
and domestic hot water supply with a low temperature gas boiler. Low temperature heating system with insulated pipes and time and
temperature programmable control unit.

V3onosarbe dacafHMX 31[0Ba KOHTAKTHOM TepPMOM30MaLMOHOM (acafom. PekOHCTPyKuMja cnojeBa nofja Ha Ty ca [oAaBarbem
TepPMOM30MaLMOHOr CNoja. M3onoBatrbe XOprn3oHTanHe KOHCTPYKLMje NpemMa HerpejaHom TaBaHy. Yrpafrba HoBMx npo3opa oA MBL npoduna
Ca TPOC/OJHUM M30MALMOHNM HACKOEMMCUMOHUM CTaKJIO-MaKeToM. Yrpaitba HOBVX TEPMOM30NOBaHMX BpaTa. @ VHCTanauwmja LeHTpanHor
cvcTemMa rpejatba v npunpeme Tonne CaHUTapHe BOZE Ca KOHAEH3aALMOHVM KOT/IOM Ha 3eMHMU rac. MIHCTanaumja JonyHCKOr cMcTema ConapHmux
KomneKTopa 3a NoApLIKy y NPUNPemm Tornse CaHUTapHe Boge.

Thermal insulation of facade walls with a contact fagade system. Reconstruction of ground floor layers with addition of a thermal insulation
layer. Insulation of the floor construction to the unheated attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit.
Installation of new, thermally insulated, doors. ® Central heating and domestic hot water supply with a condensing gas boiler. Additional
solar thermal system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 100 100 100
enemMeHata TepMUYKor
omoTaya 3rpage 0 I %0 %0
- 80 80 80
Heat loss through the
thermal envelope 0 I 0 /0
60 60 60
[W/K] I
50 I 50 50
40 I I 40 40
30 I I 30 30
20 20 20
10 I I 10 I i 10 i
1 4 1 2 3 4 5 12 3 4 5

1 - Cnosaltby 31, 2 —T1po3opw, 3 —Bpata, 4 — MehycnpaTtHa KOHCTPYKUMja Ka HerpejaHom TagaHy, 5 —llog Ha Ty

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

1 — External wall, 2 —=Windows, 3 — Doors, 4 — Floor construction to unheated attic, 5 — Ground floor
[KWh/m?/ roguiitse]
[kWh/m?/ year]

‘ 140 (56%)’ 161 (64%) .
EHepreTcku paspep

- | ) | )

Energy class

®uHanHa eHepruja

Final ener. [ s ] [[ee ] [z |
& e o

[ O [ e e e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



Ll - nepnog 1946 - 1960. C - period 1946 - 1960

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejarba — eHepreTcky buaHc
Thermal envelope improvement with heating system - energy balance

EHepruja noTpebHa 3a
rpejarbe

Heating energy
demand

[KWh]

EHepreHT

Fuel

[NpumapHa eHeprija

Primary energy

[KWh]

Emncmja CO,
CO, emission
(kal

[oTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures

lNocTtojehe cTare Present state

YHanpebherbe 1 Improvement 1

0 50 100% 0 50 100%
EnexkTpnuHa eHepruja [ac
Electricity Gas

39992

84%
——
A E A B A E E B
0 50 100% 0 50 100%

63%

YHanpehetbe 2 Improvement 2

0 50 100%
[ac
Gas
42252
88%
1098
I R A N |
0 50 100%
74%
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L2
C2

MopopaunyHa Kyha y Hu3y

CnnyHm 06jekTn
Similar buildings

[P ()
~ > 0o

Family house in a row

Kateropuja NMOPOANYHO CTaHOBaHE Category family housing
[oanHa n3rpagre 1946-1960 Year of construction 1946-1960
bpoj eTaxa 1 (Mp) Number of floors 1 (Gf)

bpoj ctaHoBa 1 Number of apartments 1

MoepuwuHa (M?) HeTo rpejaHa 120 Area (m?) Net heated 120
3anpemuHa (m?) HeTo rpejaHa 350 Volume (m?) Net heated 350

MpusemHa kyha ocHoBe y obnvky cnosa "I koje
bopmmpajy ynmuHn 1 ABOPULLHK Aeo objekTa. 1BoBOA-
HW KPOB NpaTyi reoMeTpujy OCHOBE, @ TaBaHCKM MPOCTOP
ce He KopuCTK 3a 6bopasak. GacagHu 31[OBM Cy Of NMyHe
oneke, ca Mano OTBOpa. 3aBpliHa obpafa je mantep,
UecTo Ca CBefeHUM efnemMeHTVMa MAWTKe NnacTuke Ha
YIIMYHOJ CTPaHMW.

An L-shaped ground floor house with one wing
following the street front and the other turned to the
yard. A pitched roof follows the geometry of the floor
plan. The attic is unheated. The facade walls built of solid
brick have a low window-to-wall ratio. Mortar was used
for external rendering, frequently with shallow plaster-
work on the street facade.



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

MNopofnyHa kyha ca macviBHUM dacaHUM 31A0BU-
Ma ofi oneke 6e3 Tepmomsonaumje. Kyha ce He rpeje y
LeNoCTN 1 Ha TEPMOrpaMy Ce jaCHO MOXe BUAETH rpeja-
HW Aeo Y B1Ay nese cobe Ha ynuuHoj dacaaw. MNprmeTHa
3arpejaHoCT KPOBHE MOBPLUMHE Ce jaB/ba Kao nocneimn-
La CyHYeBOr 3paverba. KOHCTPYKLUWja Npo30pa je Heof-
rosapajyha ca v3pasuTm TOMIOTHUM rybuumma, Hapo-
YMTO Y 30HM KyTMja 33 PONETHE.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
325

A family house with uninsulated massive brick walls.
The house is not entirely heated; the thermal image
clearly shows the heated room in the left section of the
front facade. There is noticeable solar heat gain on the
roof surface. The window construction is inadequate,
showing extensive heat loss especially at roller shutter
boxes.

Energy class of building - existing state

Q,,, kWh/(m?a)]
244

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)
3uf Ka cycepy

Wall to the Adjacent
Building

U (W/m?K)

lNperpagru 31a Ka
HerpejaHom nNpocTopy

Partition Wall
to Unheated Area

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 31A oA oneke 38cm,
Mantep 2cm

plaster 2cm, brick wall 38cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA of oneke 38cm

ManTep 2cm, Tepmousonauuja 10cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 314 of oneke 38cm,
manTep 2cm, Tepmomsonauuja 20cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

1. 0.26 0.14
[ (9] (] [} [
© ) ) o )
Z B 2 E 2
© O © O ©
2 3 2 3 2
z 5 5 z
= S = e =

(@} ]
Mantep 2cm, 3va of oneke 38cm HEMA N3MEHA FMNC KapTOHCKe nnove 1,25cm,
- - TepmMousonauuja 5cm, Mantep 2cm,
plaster 2cm, brick wall 38cm NO CHANGES 31 0[] oneke 38cm

gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 38cm

1. 1. 041
[ () () [} [
° © °© ° °
2 gz gz |
© (@] © (@] © |
e © 2 © I 1
2 5 2 5 2 ;
> 8 > 8 > I

(@} ]

ManTep 2cm, 3ua of oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

1.39

ManTep 2cm, 3uA o4 oneke 25cm,
ManTep 2cm, Tepmovrsonaumja 5cm,

rMNC KapTOHCKa nnoya 1,25cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, gypsum board
1.25cm

044

Cnosba Outside

ManTep 2cm, 3ua o4 oneke 25cm,
manTep 2cm, Tepmousonaumja 10cm,
rMNC KapTOHCKa nnoya 1,25cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, gypsum board
1.25cm

0.26




Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)
MebycnpaTHa

KOHCTpYyKUWja ncnop
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napket y acdanty 2,2cm, LieMeHTHa
Kouwysbula 5cm, xugpovsonauuja 1cm,
HabujeHn 6eToH 10cm, WibyHak 10cm
parquet on asphalt 2.2cm, cement screed
5cm, hydro insulation 1cm, rammed
concrete 10cm, gravel 10cm

0.60

Cnosba Outside
X __ L

YHyTpa Inside

[lacke 5cm, fpseHe rpege 16/20cm

Ha 90cm / Ba3gyx 20cm, TplyaHy nnadoH 5cm
plank 5cm, wooden rafters 16/20cm at
90cm distance / air 20cm, straw-plaster
ceiling 5cm

0.66

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.60

Cnorba Outside

YHyTpa Inside

[lacke 5cm, fpseHe rpede 16/20cm

Ha 90cm / Tepmowzonaumja 20cm,

TpwyaHm nnadoH 5cm

plank 5¢cm, wooden rafters 16/20cm at 90cm
distance / thermal insulation infill 20cm,
straw-plaster ceiling 5cm

0.21

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, LieMeHTHa KoLysbuua 3cm,
Tepmowu3onaumja 2cm, xmapovsonauuja 1cm,
HabujeHn 6eToH 10cm, WibyHak 10cm
parquet 2.2cm, cement screed 3cm, thermal
insulation 2cm, hydro insulation 1cm,
rammed concrete 10cm, gravel 10cm

042

Cnosba Outside

YHyTpa Inside

Tepmovsonaumja 20cm, facke 5cm,

npseHe rpege 16/20cm Ha 90cm /
Tepmonzonaumja 20cm, TpLuaH1 nadoH 5cm
thermal insulation 20cm, plank 5¢cm,
wooden rafters 16/20cm at 90cm distance /
thermal insulation infill 20cm, straw-plaster
ceiling 5cm

0.09




HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpbuje  National Typology of Residential Buildings in Serbia

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

CucTem 3arpeBatba
npocTopuja

MNMocTojehe cTarbe Present state

v
&,

[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kprivma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTakoM

Wooden, double frame, double sash (wide
box) with single glazing

YHanpeherbe 1 Improvement 1

-+
r

[lpBeEHU ca ABOCNOjHIM U3051aLMOHM

HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCMOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa HEMA M3MEHA [pseHa nnw MBL, kpuno ca
- - TePMOU30MaLMOHOM UCMYHOM
Wooden NO CHANGES -
Wooden or PVC, insulated leaf
3.30 3.30 1.60
Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system
® 120 =0

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

MNojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHm cuctem rpejarba,
HUCKOTEMMEePaTYPHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
or logs)

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHW KOTa0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
! 7
i S

EnekTtpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHu cuctem npunpeme

- Tonne CaHMTapHe BOAe NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH

Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

13onoBatbe  dacafHUX 3v40Ba KOHTAKTHOM TEPMOM30MaLMOHOM (acafiom. V3onoBare YHyTpalKxX 3MA0Ba Mpema HerpejaHom
npocTopy. V30n10Bare XOPU3OHTANHE  KOHCTPYKLMje npema HerpejaHom TaBaHy. Yrpafirba HOBWX APBEHMX MPO30pa ca ABOCIOJHUM
30M1aLMOHUM HUCKOEMMUCMOHUM CTaKmo-NakeTom. ®  VIHCTanauwmja LeHTpanHor cuctema rpejarba 1 npunpemMe Tore CaHWTapHe BOAe
Ca HUCKOTEMMepaTyPHUM KOT/IOM Ha 3eMHM rac. HickotemnepaTypHu CUCTEM rpejatba Ca M30N0BaHVM LIEBHIM BOZOBMMA U BDEMEHCKIM/
TemMnepaTypHUM perynaTopuma.

Thermal insulation of facade walls with a contact facade system. Insulation of interior walls to unheated areas. Insulation of the floor
construction to the unheated attic. Installation of new wooden windows with double-glazed low-emissivity glass unit. ® Central heating
and domestic hot water supply with a low temperature gas boiler. Low temperature heating system with insulated pipes and time and
temperature programmable control unit.

/130n0Batbe GpacafHyix 31a0Ba KOHTAKTHOM TePMOU30aLMOHOM pacafom. /130n10Barbe 3MA0Ba Ka CyCefHVIM 06jeKTMa Ca yHyTpallkbe CTpaHe.
V3onoBarbe yHyTpallrbUX 310Ba Npema HerpejaHoM NpocTopy. PeKOHCTPYKLUMja ClojeBa nofa Ha Ty ca AofaBatbem Tepmovsonalvje.
/13010Batbe XOPU3OHTaNHe KOHCTPYKLIM]E NpemMa HerpejaHoM TaBaHy. Yrpafrba HoBMx Npo3opa oA MBL npoduna ca TpocnojHUM 130naLMoHM
HCKOEMMCUOHWM CTaKmo-MakeToM. Yrpadrba HOBYX TePMOM30/10BaHNX BpaTa. ® VHCTanauuja LeHTpanHor cicTema rpejarba v npunpeme
TOM/e CaHUTapHe BOAE Ca KOHAEH3aUMOHMM KOTIOM Ha 3eMHM rac. MIHCTanauwmja AONyHCKOr cUCTema CoNapHMX KONeKTopa 3a NOApPLLKY Y
npunpemu Tonse caHnTapHe BOAE.

Thermal insulation of facade walls with a contact facade system. Internal insulation of the walls to the adjacent buildings. Insulation of interior
walls to unheated areas. Reconstruction of ground floor layers with addition of thermal insulation. Insulation of the floor construction to the
unheated attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors. ®
Central heating and domestic hot water supply with a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 160 160 160
enemMeHata TepMUYKor
OMOTaua 3rpage 140 140 140
Heat loss through the 120 120 120
thermal envelope
100 100 100
[W/K]
80 80 80
60 60 60
40 i i 40 i i 40
20 I I 20 i I I 20 I i
1 2 3 4 5 6 7 12 3 4 5 6 7 12 3 4 5 6 7

1 - Cnosmaltby 31, 2 —Tpo3opu, 3 —BpaTa, 4 — 31 Ka CycejHOM 06jeKTy, 5 — 31z Npema HerpejaHom NpocTopy,
6 — MehycnpaTHa KOHCTPYKUMja Ka HerpejaHom TaBaHy, 7 — o Ha Tny

1 - External wall, 2 = Windows, 3 — Doors, 4 — External wall to adjacent building, 5 - Partition wall to unheated area,
6 — Floor construction to unheated attic, 7 — Ground floor
CneunduruHa rogniirba
notpebHa eHepruja 3a
rpejarce

104 (43%)

Specific Heating Energy

demand per year 150 (61%)

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcki paspes

- | ) | )

Energy class

®uHanHa eHepruja

Final ener. [ wen ] [ e ] [wan ]
& e [

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



Ll - nepnog 1946 - 1960. C - period 1946 - 1960

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejarba — eHepreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarbe
Heating eneray [ ossse ] [eez] [~ Jroser
demand [ A A Y A [ e O [ R N
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel [pBo lac lac
Wood Gas Gas

[NpumapHa eHeprija

Primary energy
[KWh]
14628
71%
[

Emncmja CO,

CO, emission 0

[ T Y B |
0 50 100% 0 50 100% 0 50 100%

68% ' 81%

(kal

[oTpowrba eHepruje

3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
N TEPMOTEXHUUKIX
mepa

Energy consumption
after refurbishment
measures




HaumnoHanHa Tunonorwja ctambenrix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

L3
c3

CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm o6jekTy
Similar buildings

<50%

Free-standing residential building

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1946-1960 Year of construction 1946-1960

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

bpoj ctaHoBa 8 Number of apartments 8

MoepuwuHa (M?) HeTo rpejaHa 350 Area (m?) Net heated 350

3anpemuHa (m?) HeTo rpejaHa 1000 Volume (m?) Net heated 1000

CrambeHa 3rpafla  KOMMaKTHe OCHOBe, Ca  KOCUM
YEeTBOPOBOAHMM KPOBOM. 3MAOBW Cy MacWBHW, 3MAa-
HV MyHOM OMEKOM CTaHAapAHOr Gopmata, Mantepuca-
Hu, 6e3 vKakemx dacagHnx ykpaca. [Mpo3opu cy apse-
HWY, OBOCTPYKM, CTaHAAPAHVX AvMeH3nja. MehycnpaTHe
KOHCTpyKUMje Cy CUTHOpebpacTe apMMpaHOBETOHCKe.
MoApyMCKM 1 TaBaHCKM MpOCTOpM Hajuewhe ce He
KopucTe 3a 6opaeak. Mpuzembe objekTa je HamereHO
CTaHOBaMbY.

A residential building with a compact floor plan and
a pitched hipped roof. The massive walls built of solid
standard-size brick are rendered, without any facade
ornamentation. The wooden double-framed windows
are of standard size. The floor constructions are rein-
forced concrete ribbed slabs. The basement and loft
areas are usually unoccupied. The ground floor is used
for residence.



CrambeHa 3rpafia ca MacWBHUM dacagHUM 3vL0BW-
Ma ofj oneke 6e3 Tepmom3sonauuje. Tepmorpam npukas-
yje BUCOK MHTEH3UTET rybutaka TomnnoTe Kpo3 dacagHe
31[OBE rpejaHor Aena ca HarnaleHnM XOPU3OHTaHUM
apMMpPaHo BETOHCKUM CepKNaXKMma Y OHOCY Ha Herpeja-
HW MpU3eMHV Aeo 3rpage. Ha BWWMM ClpaToBMMa ce
MOXe MPUMETUTN CEKYHAPHO 3arpeBarse of CyHueBor
3payerba, kao v nosehaHu TOMAOTHM rybuum Ha dacaa-
HOJj cTOnapujn.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel
324

(%]

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

A residential building with massive fagade brick walls
without thermal insulation. The thermal image reveals
intense heat loss through facade walls of the heated
section, particularly at horizontal reinforced concrete
ring beams, in contrast to the unheated ground floor
section. Secondary solar heat gain is noticeable on the
upper floors; there are also higher heat losses at facade
window constructions.

Energy class of building — existing state

Q,,, kWh/(m?a)]
227

<100

<150

<200

<250

> 250

wi
w
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

31[ Ka HerpejaHom
cTeneHuwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31A Ka HerpejaHom
CTeneHnLwTYy 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, oneka 38cm, niemeHnT
Mantep 3cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm

YHanpeherbe 1 Improvement 1

ManTep 2cm, oneka 38cm, nnemeHnTH
mManTep 3cm, Tepmomsonauuja 10 cm,
mMantep 1cm

YHyTpa Inside
Cnosba Outside

plaster 2cm, brick wall 38cm, decorative
plaster 3cm, thermal insulation 10cm,
plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, oneka 38cm, nieMeHnT
manTep 3cm, Tepmousonauuja 15 cm,
mantep 1cm

plaster 2cm, brick wall 38cm, decorative plaster
3cm, thermal insulation 15cm, plaster 1cm

1.26 0.27 0.21
i (9] (] [} [ (9]
° © ° © ° ©
2 2 = 2 £ g
g o g b g o
> 2 = 2 > 2
= e = e = e
@] (@} @]

ManTep 2cm, oneka 38cm, Mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 38cm, mantep 2cm,
- - Tepmousonaynja 5 cm, Mmantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm NO CHANGES -

plaster 2cm, brick wall 38cm, plaster 2cm,

thermal insulation 5cm, plaster Tcm
1.13 1.13 0.45
[ () () [} [ ()
© © °© ° ° ©
f z 2 2 z z
© 3 = [EE= 3 = 3
2 3 2 3 2 3
= T s 2 o

@] (@} @]

ManTep 2cm, oneka 25cm, Mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 25cm, mantep 2cm,
- - Tepmomsonauuja 5 cm, mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES -

plaster 2cm, brick wall 25cm, plaster 2cm,

thermal insulation 5cm, plaster Tcm
145 1.45 0.50
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Cknonosu Tepmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(nonpym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKLUWja NCnoa
HerpejaHor NpocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

napKeT Ha Nenky 2.2cm, cnenv nog 2.4cm,
noTnaTocHuLe y necky 5 cm, cutHopebpacta
TaBaHuMua 30cm

parquet 2.2cm, wooden subfloor 2.4cm,

wooden sleepers 8/5 in sand bedding 5cm,
ribbed concrete slab 30cm

1.35

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

napKeT Ha nenky 2.2cm, cnenu nog 2.4cm,
MOTNATOCHMLE Y NecKy 5 cm, cuTHopebpacTa
TaBaHuvua 30cm, Tepmonsonauuja 10 cm,
mantep 1cm

parquet 2.2cm, wooden subfloor 2.4cm,
wooden sleepers 8/5 in sand bedding

5cm, ribbed concrete slab 30cm, thermal
insulation 10cm, plaster 1cm

0.29

Cnosba Outside

YHyTpa Inside

61aTo C NneBom 5¢cm, cutHopebpacTa
TaBaHwuua 30cm, TpwyaHn nnadoH 5cm

rammed earth with chaff 5cm, ribbed concrete
slab 30cm, straw - plaster ceiling 5cm

1.09

Cnosba Outside

YHyTpa Inside

LieMeHTHa Kolwysbuua 3 cm, ME donuja,
Tepmomsonauuja 10 cm, ME dponwja,
CcUTHOpebpacTa TaBaHMLa 30cm, TpLUYaHK
nnadoH 5cm

cement screed 3cm, PE foil, thermal
insulation 10cm, PE foil, ribbed concrete slab
30cm, straw - plaster ceiling 5cm

0.29

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napKeT Ha Nenky 2.2cm, cnerm nog 2.4cm,
noTnaToCHuLe y necky 5 cm, cutHopebpacta
TaBaHwmua 30cm, Tepmovizonaumja 15 ¢cm,
manrep 1cm

parquet 2.2cm, wooden subfloor 2.4cm,
wooden sleepers 8/5 in sand bedding
5cm, ribbed concrete slab 30cm, thermal
insulation 15cm, plaster Tcm

0.21

Cnosba Outside

YHyTpa Inside

LlemMeHTHa Kowysbuua 3 cm, ME donuja,
Tepmousonauwja 15 cm, INE dponuja,
cuTHOpEebpacTa TaBaHwmUa 30cm, TpLyaHu
nnadoH 5cm

cement screed 3cm, PE foil, thermal
insulation 15cm, PE foil, ribbed concrete slab
30cm, straw - plaster ceiling 5cm

0.21
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTakoM

Wooden, double frame, double sash (narrow
box) with single glazing

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCIOjHIM M30NALMOHIM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCMOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKYOHOM
- - NCMYyHOM
Wooden NO CHANGES -
Metal, insulated leaf
3.50 3.50 3.50

Cuctemu rpejatba v Npunpeme Tomne Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuiiherba
cucTema rpejarba
Heating system
efficiency factor

lNojeanHauHe nehn Ha cTpyjy

Single electric stove

"

LleHTpanHmn cuctem rpejarsa,
HUCKOTEMMePaTyPHU KOTAO Ha 3eMHU rac
(BapwjaHTa - KOTao Ha ApBo/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
or logs)

LleHTpanHu cuctem rpejarba,
KOH[IEH3aLMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
! 7
i S

EnekTtpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHu cuctem npunpeme

- Tonne CaHMTapHe BOAe NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH

Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/13onoBarbe pacagHUX 31A0Ba KOHTAKTHOM TepMoM3onaumoHom dacafom. M3onoBarbe XOPW3OHTaNHE KOHCTPYKLUWje W3HaA HerpejaHor
noapyma. Vi3onoBarbe XOpW3OHTalHE KOHCTPYKLUMje Npema HerpejaHoM TaBaHy. Yrpafrba HOBUX APBEHMX MPO30pa Ca ABOCIOJHUM
30M1aLMOHUM HUCKOEMMUCMOHUM CTaKmo-NakeTom. ®  VIHCTanauwmja LeHTpanHor cuctema rpejarba 1 npunpemMe Tore CaHWTapHe BOAe
Ca HUCKOTEeMMepaTypPHUM KOT/IOM Ha 3eMHW rac. HuckotemnepaTypHu C1CTeM rpejarba Ca M30M10BaHMM LEBHUM BOLOBVIMA V1 BPEMEHCKIM /
TemMnepaTypHUM perynaTopuma.

Thermal insulation of fagade walls with a contact facade system. Insulation of the floor construction above the unheated basement. Insulation
of the floor construction to the unheated attic. Installation of new wooden windows with double-glazed low-emissivity glass unit. @
Central heating and domestic hot water supply with a low temperature gas boiler. Low temperature heating system with insulated pipes and
time and temperature programmable control unit.

13onoBare pacafHMx 3140Ba KOHTAKTHOM TepMOM30NaLMoHOM pacajom. V3onoBare yHyTpallkbUixX 31A0Ba NpeMa HerpejaHom npocTopy
(xoaHWK / cTeneHuwWwTe). M30n0Batbe XOPU3OHTaNnHe KOHCTPYKUMje 13HaA HerpejaHor nogpyma. V3onosarbe XOpU30HTanHe KOHCTPyKLmje
npema HerpejaHom TaBaHy. Yrpagha HoBMx npo3opa of MNBL npodwvna ca TPOCNOJHUM M30MALMOHNM HUCKOEMUCUOHUM CTaK/0-NaKeToM.
Yrpaita HOBVX METasHKX TePMOM30/1I0BaHNX BpaTa. ® VIHCTanaumja LeHTpanHor cucTema rpejatba 1 npunpeme Torse caHutapHe Boge ca
KOHZEH3aLMOHMM KOT/IOM Ha 3eMHU rac. MIHCTanauwja AoNyHCKOr CUCTeMa CONapHKX KOMEKTOPa 3a NOAPLUKY Y MpUNpemMi Tonne caHuTapHe
BOfe.

Thermal insulation of facade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation
of the floor construction above the unheated basement. Insulation of the floor construction to the unheated attic. Installation of new PVC
windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. @ Central heating and domestic
hot water supply with a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 700 700 700
enemMeHata TepMUYKor
omOTaya 3rpage 600 600 600
Heat | hrough th
eat loss through the <00 <00 <0
thermal envelope
[W/K] 400 400 400
300 300 300
200 200 200

100 100

u 100
I I I I |
12 3 4 5 6 3 4

12 5 6

1 — Cnomaltby 31, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom CTeneHuLuTy,
5 — MebycnpaTHa KOHCTPYKLWja M3Haz HerpejaHor noapyma, 6 — MehycnpatHa KOHCTPYKLMja Ka HerpejaHoM TaBaHy

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase,
5 - Floor construction to unheated basement, 6 — Floor construction to unheated attic
[kWh/m?/ year]

‘ 139 (61 %. 166 (73%)
EHepreTcki paspes

- | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ emes ] [ ] [re7s]
& e (N

[ O [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



Ll - nepnog 1946 - 1960. C - period 1946 - 1960

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHeprunja notpebHa 3a
rpejarce

Heating energy _

demand

[KWh]

EHepreHT

Fuel EnexkTpruHa eHepruja
Electricity

YHanpebhetbe 1 Improvement 1

lac
Gas

YHanpehere 2 Improvement 2

[ac
Gas

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowba eHepruvje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

38744
14%

232270
86%

68%

23472
9%

247542
91%

80%
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L4
C4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm o6jekTy
Similar buildings

<50%

Residential building — lamela

162

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1946-1960 Year of construction 1946-1960

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

bpoj ctaHoBa 10-15 Number of apartments 10-15

MoepuwuHa (M?) HeTo rpejaHa  500-600 Area (m?) Net heated 500-600
3anpemuHa (m?) HeTo rpejaHa  oko 1500 Volume (m?) Net heated app. 1500

CrambeHa namena jeHOCTaBHe OCHOBE Ca MAUTKIM
KOCUM  KpOBOM. [MoapyMCKM NPOCTOP Ce He KOPWCTK 3a
6opaBak, AOK je Koa Hekmx objekaTa Hevckopuwherm
TaBaHCKM MPOCTOP BpPemMeHOM afanTvpaH y CTamMOeHu.
31A0BM Cy MACMBHM, 3UAaHV NMYHOM OMeKOM Y Aeb/bUHM
0f 25 1 38cm, manTtepuncaHu 6e3 nkaksmnx dacagHmx ykpa-
ca. Mpo3opwn cy CTaHAAPAM3OBaHUX AVMEH3Mja, ApBe-
HV Ca pa3MakHyTUM Kpunvma (ycka KyTuja), v nnaTHe-
HOM PONETHOM Ha YHYTPalkOj CTpaHu. MehycnpaTHe
KOHCTpyKUWje Cy cuTHOpebpacTe apMrpaHobeToOHCKe.

A lamela residential building with a simple floor plan
and a shallow pitched roof. The basement is unoccupied
while the loft has occasionally been converted to a resi-
dential space. The massive walls built of solid 25 cm and
38 c¢m brick are rendered, without any fagade ornamen-
tation. Standard-size windows are wooden wide sashes
in narrow casing fitted with internal canvas roller shades.
The floor constructions are reinforced concrete ribbed
slabs.



CrambeHa namena ca MacuBHUM dacagHViM 3UL0BW-
Ma Ofi oneke 6e3 Tepmomsonaumje. Tepmorpam npuka-
3yje pasauunTe WHTEH3WTeTe rybuTaka TOMIOoTe KPo3
dacagHe 31OOBE Ha MECTMMa apMMPaHO GETOHCKMX
cepknaxa v 3naaHe ncnyHe. Takohe je yourbnsa pasnwi-
Ka n3mehy HerpejaHor NpoCTopa TaBaHa OAHOCHO CTaHa
y npu3emsby ¥ ocTanor, rpejaHor aena 3rpage. Macaa-
Ha CToNapuja Ce KapakTepwlle W3pasuTum ryouurma
TonnoTe.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

260

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

A residential lamela building with massive facade
brick walls without thermalinsulation. The thermalimage
shows different intensities of heat loss through fagade
walls at reinforced concrete ring beams and wall infill.
There is also a noticeable contrast between the unheat-
ed attic and ground floor unit, and the heated section
of the building. Facade fenestration is characterized by
intense heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
182
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3ug 1

External Wall 1

U (W/m?K)

Cnosbalbn 3ug 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
CTeneHuLTY

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka CycefiHoj
namenn (gunatauwja)

Wall to the Adjacent
Entrance (Dilatation)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

manTep 2cm, oneka 38cm, NiemeHnT
Mantep 3cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm

YHanpeherbe 1 Improvement 1

ManTep 2cm, oneka 38cm, NiemeHnTI
Mantep 3cm, Tepmonsonaumja 10cm,
mantep 1cm

YHyTpa Inside
Cnosa Outside

plaster 2cm, brick wall 38cm, decorative
plaster 3cm, thermal insulation 10cm,
plaster Tcm

YHanpeherbe 2 Improvement 2

ManTep 2cm, oneka 38cm, NiemMeHnUTI
Mantep 3cm, Tepmonsonaumja 15cm,
mMantep 1cm

YHyTpa Inside
Cnosba Outside

plaster 2cm, brick wall 38cm, decorative
plaster 3cm, thermal insulation 15cm,
plaster Tcm

1.26 0.27 0.21

[ (9] (] [ (9] [}

° ° ° ° ° °

3 Z 2 3 2 Z

2 2 £ 2 = 2

g 5 8 S 8 S

= = =

e 5 T 5 T 5

= 2 = 2 = 2
) ) o

ManTep 2cm, oneka 25cm,
Mantep 3cm

plaster 2cm, brick wall 25cm, plaster 3cm

ManTep 2cm, oneka 25cm, mantep 3cm,
Tepmomsonauuja 10cm, mantep 1cm

plaster 2cm, brick wall 25cm, plaster 3cm,
thermal insulation 10cm, plaster Tcm

ManTep 2cm, oneka 25cm, mantep 3cm,
Tepmomsonaumja 15cm, mantep Tcm

plaster 2cm, brick wall 25cm, plaster 3cm,
thermal insulation 15cm, plaster Tcm

Cnosba Outside

1.67 0.28 0.22
[} [} (5} [} (5}
° © °© o ©
2 g = g £
© O © O ©
= 3 = 3 =
5 s S 2
= e = e =

(@] (@)
Mantep 2cm, oneka 38cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 38cm, Mantep 2cm,
- - Tepmowmsonaumja 5cm,mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm NO CHANGES -

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm

1.13 1. 042
[ () (] [ ()
o © ° o °
2 B = g =
© @] © (@] ©
= 3 = 3 2
e 5 B 5
= e = e =

(@] (@]

manTep 2cm, oneka 25cm

plaster 2cm, brick wall 25cm

1.63

HEMA M3MEHA

NO CHANGES

1.63

Cnosba Outside

rMNCKapTOHCKe rnoye 1.25cm, TepMowr3osa-

Lja 5cm, Mantep 2cm, oneka 25cm

gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25¢cm

047
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(nonpym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLWja Mcnog
HerpejaHor npocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

MapKeT Ha NenKky 2.2cm, LeMeHTHa
Kolwysbuia 3cm,,ABpameHKo” TaBaHMLa
30cm

parquet 2.2cm glued, cement screed 3cm,

ribbed semi prefabricated concrete slab
Avramenko 30cm

2.05

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

MapKeT Ha flenky 2.2cm, LeMeHTHa KOLLYSbu1La
3cm,,ABpameHKo” TaBaHuLa 30cm,
Tepmowmsonauwja 10cm, mantep Tcm

parquet 2.2cm glued, cement screed 3cm,
ribbed semi prefabricated concrete slab
Avramenko 30cm, thermal insulation 10cm,
plaster Tcm

0.32

Cnorba Outside

YHyTpa Inside

necak 2cm, 61aTo ¢ Nnesom 5¢cm,
,ABpameHKo" TaBaHMLa 30cm, TpLWYaHW
nnapoH 5cm

rammed earth with chaff 5cm, ribbed semi
prefabricated concrete slab Avramenko
30cm, straw — plaster ceiling 5cm

1.06

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLwysbuua 5cm, ME donuja,
Tepmousonauuja 10cm,,ABpameHko”
TaBaHuUa 30cm, TpLwYaHn NnadgoH 5cm
cement screed 5cm, PE foil, thermal
insulation 10cm, ribbed semi prefabricated
concrete slab Aviamenko 30cm, straw —
plaster ceiling 5cm

0.27

YHanpehetbe 2 Improvement 2
YHyTpa Inside

b ‘1’ \'\ ‘1‘-‘ Y
Cnosba Outside

napKeT Ha Nenky 2.2cm, LemMeHTHa
Kowysburla 3cm,,ABpameHKo” TaBaHMLa
30cm, Tepmonsonauuja 15cm, mantep 1cm

parquet 2.2cm glued, cement screed 3cm,
ribbed semi prefabricated concrete slab
Avramenko 30cm, thermal insulation 15cm,
plaster Tcm

0.22

Cnosba Outside

A O
N N NN NN

YHyTpa Inside

LlemeHTHa Kowysbuua 5cm, ME donuja,
Tepmonsonaumja 15cm,, ABpameHko”
TaBaHuMUa 30cm, TpluyaHu nnadoH 5cm
cement screed 5cm, PE foil, thermal
insulation 15cm, ribbed semi prefabricated
concrete slab Avramenko 30cm, straw —
plaster ceiling 5cm

0.19
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBeH , BOCTPYKM Ca pasmMakHy UM
Kprimma (ycka KyTvja) 1 jeaHOCTpYKMM
CTaK/OM, YHyTpalltba NiaTHeHa PoneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

350

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCUOHUM CTaK/O-MakeTom
UCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

[pBeHa, AynnolwneposaHa

Wooden, plywood leaf

350

MeTanHa, Kpuno ca TepMon30naUMoHOM
NCyHOM

Metal, insulated leaf

1.50

MeTanHa, Kpuno ca TepMon30naLVOHOM
NCYHOM

Metal, insulated leaf

1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

i ﬁ:
QL
[larmmHcKo rpejatbe Ha docKnHa roprsa

District heating system (fossil fuel)

[larbnHCKo Ha docunHa ropmsa.
TepmocTatckn BeHTUNN. MoaepHu3auwja
NOACTaHWLEe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbi
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo Ha docunHa ropuea.
TepmocTatckn BeHTunn. MogepHusaumja
NOACTaHMLE - NyMNa NPOMEHbUBOT NMPOTOKa
1 perynauuja npema CrosbHoj TemnepaTypyl.
Hannata npema notpouwksm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

CucTemu rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnexTpuuny 6ojnep LleHTpanHu cnuctem nprnpeme LleHTpanHu cuctem npunpeme

- MoBe3aH Ca CYCTEMOM rpejarba. NOBE3aH Ca CUCTEMOM rpejatba 1

Electric boiler V13merbrBaY TonoTe Ca CUCTEMOM CONMAPHKX KOMEeKTopa.
CMPEMHUKOM Y MOACTaHULN. V13merbrBay TonmoTe ca

- CNPEMHUKOM Y NMOACTaHNLIM.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchangerin water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehewa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Batbe pacagHMx 31Ma0Ba KOHTAKTHOM TEPMOM30MALMOHOM dacafoM. V13010Barbe XOPU3OHTaNHUX KOHCTPYKLMja Npema HerpejaHom
TaBaHy v NOApPyMmy. Yrpafrba HOBUX APBEHVX NPO30pa Ca [BOC/IOJHVM M30NALMOHNM HUCKOEMCUOHUM CTakfo-NakeTom. Yrpadrba HOBUX
MeTanHMX TEPMOM30I0BaHNX BpaTa. ® Yrpaftba TEPMOCTATCKMX BEHTUMA NO CTaHOBMMA. MogepHu3aumja NoACTaHuLe YrpaaHbom cuctema
3a perynauujy npoToka npema CnosbHOj TeMnepaTypy 1 Meperem MCNopyyeHe eHepritje. Hannata npema NoTpoL by MEPeHO] y MOACTaHULIN.
Yrpaatba LieHTpanHor cvcteMa npunpeme Tonse BOAE NMOBE3aHOT Ca CUCTEMOM rpejatba.

Thermal insulation of facade walls with a contact facade system. Insulation of the floor constructions to the unheated basement and attic.
Installation of new wooden windows with double-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors.
® |nstallation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the
outside temperature and delivered energy measurement. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system.

/130noBatbe dacagHmnx 3MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM Gacafom. V13010Bate YHyTpallbyIX 3140Ba NpemMa HerpejaHom npoctopy
(xoAHWK/CTeneHnwWTe). V30M08Barbe 31MA0Ba Ka CyceaHoj nameni ca yHyTpallke cTpaHe. /3010Bake XOPU30HTaNHIX KOHCTPYKLMja npema
HerpejaHom TaBaHy W NOAPYMy. Yrpafka HoBWx npo3opa oA MMBLl npodwna ca TPOCNOJHUM M30MaLMOHUM HUCKOEMUCUOHMM CTaKno-
NakeTom. Yrpaftba HOBUX METalHUX TePMOM30I0BaHUX Bpata. @  Yrpagrba TepMOCTATCKMX BEHTUMA MO CTaHoBUMA. MopepHusalmja
NOACTaHNLE YrpaArOM CUCTEMA 3a perynaLmjy NpoToKa npema CrosbHOj TeMnepaTypu 1 MeperbeM UCNopyYeHe eHepruje. Yrpadta nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbeM NOTPOLLIHe eHepruje. Hannata npema NoTpoLwUHbW MepPeHo] y MOACTaHMUM. Yrpaarba LeHTpanHor
cvcTeMa Npynpeme Tonne Bofe NoBes3aHor ca CUCTEMOM rpejarba, Ca 0NYHCKUM CHCTEMOM CONAPHUX KONEKTOPa 3a NOAPLUKY npunpeme.
Thermal insulation of facade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation
of walls to the adjacent lamela from the inside. Insulation of the floor constructions to the unheated basement and attic. Installation of new
PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. ® Installation of termostatic
valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the outside temperature and
delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption. Consumption based
billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system, with
additional solar thermal system to support preparation.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 700 700 700
enemMeHata TepMUYKor
omOTaya 3rpage 600 600 600

Heat loss through the
thermal envelope

i
400 I 400 400
[W/K]
300 300 300
1

500 500

200 200

B 100 =& 100
I I I I i I n n
2 3 4 5 6 7 2 3 4 5 6 4 7

1 7 T2 3 5 6

1 — Cnosalutby 31, 2 — Mpo3opu v bankoHCKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom CTeneHnuTy, 5 — 3uA Ka CyceaHoj nameni/
avnatauuja, 6 — MehycnpaTHa KOHCTPYKLUWMja M3Hag HerpejaHor noapyma, 7 — MehycnpatHa KOHCTPYKUMja Ka HerpejaHom TaBaHy

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Dilatation wall, 6 — Floor construction
to unheated basement, 7 - Floor construction to unheated attic
[kWh/m?/ year]

EHepreTcki paspes

- | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ene. [ s ] [a2e | [27799]
& e et

[ O [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe 1 Improvement 1 YHanpehere 2 Improvement 2
EHeprunja notpebHa 3a
rpejarce
Heating ener [ ves ] [ ase | [29189]
demangd 2 [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
135470 165058
62% 76%
[ T

Emncmja CO,

CO, emission

| [ O B B
[t] 0 50 100% 50 100% 0 50 100%

lNoTpouwmsa eHepruje

3a rpejarbe HakoH

npumeHe rpaheBMHCKIX

1 TEPMOTEXHUYKIX

mMepa

Energy consumption 85
after refurbishment

measures

76%
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L5
5

CrambeHa 3rpaga y oKBupy

CnnyHu 06jekTn

Similar buildings
ooo
q 000 J<so%
T~ oo
1
2 A

Residential building in a row

rpagckor 6noka

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1946-1960 Year of construction 1946-1960

bpoj eTaxa 5 (Mo+Mp+4) Number of floors 5 (B+Gf+4)

bpoj ctaHoBa 10 Number of apartments 10

MoepuwuHa (M?) HeTo rpejaHa 650 Area (m?) Net heated 650

3anpemuHa (m?) HeTo rpejaHa 1800 Volume (m?) Net heated 1800

CrambeHa 4eTBOPOCMPaTHULIA KOMMaKTHe OCHOBE,
KOCOr, JeNUMMYHO CakpuseHor Kposa. QacagHu 31ao-
BW Cy MacVvBHM, 31MAaHM NyHOM OMekoMm Yy AebrbiHama
25 1 38cm, obpabheHn dacagHVm ManTepom, 6e3 nKkak-
BMX YKpaca. [1po30opu Cy ApBEHY, CTaHOapAM30BaHMX
AVIMEH3Wja, Ca YCKOM (UNW LUMPOKOM) Ky TUOM U APBEHVM
"ecnnHrep” poneTHama kao 3aluTUTOM oA CyHua. [logpym-
CKM MPOCTOP Ce YrNaBHOM He KOPUCTK 3a 6bopaBak, AoK
Ce Kof MHOrMX objekaTa jaB/ba CTaMbGEHO MOTKPOBIHE.
Mpursemrbe je Hajuelhe ctambeHo.

A four-storey residential building with a compact
floor plan and a pitched, partially concealed roof. The
massive facade walls built of solid 25 cm and 38 cm brick
are rendered, without any ornamentation. Standard-size
windows are wooden, in narrow or wide casings and
fitted with wooden Esslinger roller shutters. The base-
ment is usually unoccupied while a great number of lofts
are used as residential spaces. The ground floor is mainly
used for residence.



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

A residential lamela building with massive facade
brick walls without thermalinsulation. The thermalimage
shows different intensities of heat loss through fagade
walls at reinforced concrete ring beams and wall infill.
Thereisalso a noticeable contrast between the unheated
attic and ground floor unit, and the heated section of the
building. Facade fenestration is characterized by intense
heat loss.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
313

A residential building with massive facade brick walls
without thermal insulation. The thermal image reveals
noticeable heat loss through facade walls, particularly at
horizontal and vertical reinforced concrete ring beams
and cantilevered terraces. The original facade fenestra-
tion reveals intense heat losses at frame connections and
roller shutter boxes.

Energy class of building — existing state

Q,,, kWh/(m?a)]
219
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Cknomnosu TepMuykor omoTada Elements of the thermal envelope

Cnosmalwbn 3ua 1

External Wall 1

U (W/m?K)

Cnosballksen 3ua 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
cTeneHuwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31f Ka HerpejaHom
CTeNeHuLTY 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 38cm, mantep 3cm

plaster 2cm, brick wall 38cm, plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 38cm, Mantep 3cm,
Tepmousonauuja 10 cm,
mantep 1 cm

plaster 2cm, brick wall 38cm, plaster 3cm,
thermal insulation 10cm, plaster 1cm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 38cm, Mantep 3cm,
Tepmomsonauuja 15 cm,
mMantep 1 cm

plaster 2cm, brick wall 38cm, plaster 3cm,
thermal insulation 15cm, plaster 1cm

1.26 027 0.19
(] ] (] (] (] %)
e, k) e e, e
Z ° Z 2 2 :
i= s = 5 <
8 < 8 < 8 ,
= = =
3 5 2 : 5 z
> 8 > - 8 > :
o o

mantep 2cm, Ab 31g 25cm, ManTtep 3cm

plaster 2cm, reinforced concrete wall 25¢cm,
plaster 3cm

mMantep 2cm, Ab 3ua 25cm, mantep 3cm,
Tepmomsonauuja 10 cm, mantep 1cm
plaster 2cm, reinforced concrete wall 25cm,
plaster 3cm, thermal insulation 10cm,
plaster Tcm

Cnorba Outside

MmAaTep 2cm, Ab 31a 25cm, mantep 3cm,
Tepmomsonauuja 15 cm, mantep 1 cm
plaster 2cm, reinforced concrete wall 25cm,
plaster 3cm, thermal insulation 15cm, plaster
Tcm

3.10 0.31 0.21
[} [} (5} [} (9} (]
° ° ° ° ° °
£ g £ 2 £ g
g 3 & 5 B 3
> S > 2 > 2
= e = e = e
(@] (@) (@]
ManTtep 2cm, oneka 38cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 38cm, mantep 2cm,
- - Tepmowmsonauuja 4 cm, mantep 1 cm
plaster 2cm, brick wall 38cm, plaster 2cm NO CHANGES -
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 4cm, plaster Tcm
113 113 0.49
s} ] < s} < s}
© o © (@] © O
= 3 2 3 2 ©
3 s £ s s
(@] (@) (@]
ManTtep 2cm, oneka 25cm, mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 25cm, Mantep 2cm,
- - Tepmomsonauuja 4 cm, mantep 1 cm
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES -
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 4cm, plaster 1Tcm
1.45 1.45 0.54
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CknonoBu TepMmmuykor omoTada Elements of the thermal envelope

31 Ka cycejHoM
0bjeKkTy

Wall to the adjacent
Building

U (W/m?K)

MehycnpaTHa
KOHCTPYKLMja 13HaA
HerpejaHor NpocTopa
(noopym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKLUWja NCNoA
HerpejaHor Npoctopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 25cm

plaster 2cm, brick wall 25cm

1.63

YHyTpa Inside

Cnosba Outside

napKkeT Ha fienky 2.2cm, 6anHanT 3cm,
,ABpameHKo" TaBaHMLa 30cm

parquet 2.2cm glued, wood cement screed
3cm, ribbed semi prefabricated concrete
slab Avramenko 30cm

1.47

Cnosba Outside

YHyTpa Inside

671870 C Nesom 5cm, , ABpameHKo” TasaHuLa
30cm, TpLyaHm nnadoH 5cm

rammed earth with chaff 5cm, ribbed semi
prefabricated concrete slab Avramenko
30cm, straw — plaster ceiling 5cm

1.09

YHanpeherbe 1 Improvement 1

==
Hl=
[

YHyTpa Inside
Cnospa Outside

HEMA M3MEHA

NO CHANGES

1.63

YHyTpa Inside

Cnorba Outside

MapkeT Ha nenky 2.2cm, 6nnHanT 3cm

. ABpameHKo" TaBaHmua 30cm,
Tepmomsonauuja 10 cm, mantep 1cm
parquet 2.2cm glued, wood cement screed
3cm, ribbed semi prefabricated concrete
slab Avramenko 30cm, thermal insulation
10cm, plaster Tcm

0.30

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLlysbuLa 4 cm, Tepmoun3sonatmja
10cm, ,ABpameHKo” TaBaHMLa 30cm,
TpwyaHn nnapoH 5cm”

cement screed 4cm, thermal insulation
10cm, ribbed semi prefabricated concrete
slab Avramenko 30cm, straw — plaster ceiling
5cm

0.29

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

rMNC KapTOHCKe nnoye 1.25 cm, TepMon3o-
naupja 5 cm, mantep 2cm, oneka 25cm

gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25cm

047

YHyTpa Inside

Cnospa Outside

NapKeT Ha nenky 2.2cm, 6anHanT

3cm,, ABpameHko” TaBaHwmua 30cm,
Tepmownsonaymja 15cm, mantep Tcm
parquet 2.2cm glued, wood cement screed
3cm, ribbed semi prefabricated concrete
slab Aviamenko 30cm, thermal insulation
15cm, plaster Tcm

0.21

Cnosba Outside

o
CYOCN

XK eI
AN

YHyTpa Inside

LieMeHTHa KolysbLLa 4 cm, Tepmou3sonaumja
15cm, ,ABpameHKo” TaBaHmMLa 30cm,
TpWwyaHu NnapoH 5cm

cement screed 4cm, thermal insulation
15cm, ribbed semi prefabricated concrete
slab Aviamenko 30cm, straw — plaster ceiling
5cm

0.19
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBeHW , ABOCTPYKM Ca PasmakHyTUM
Kpuivma (ycka KyTuja) 1 jeaHOCTPYKUM
CTaK/I0OM, iPBEHA eCTIMHIrep poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. External wooden
roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
LpBeHa HEMA M3MEHA MeTanHa, Kprno ca TepmMon301aUrioHOM
- - NCMYHOM
Wooden NO CHANGES -
Metal, insulated leaf
2.80 2.80 1.50

Cuctemu rpejarba 1 Npunpeme Tomne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

apr
T

-
QRIEEE

[armmHcKo rpejatbe Ha docrnHa roprsa

District heating system (fossil fuel)

[larbnHCKo Ha docuiHa ropusa.
TepmocTatckn BeHTUNN. MoaepHu3auwja
NOACTaHuLEe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHby
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo Ha docunHa ropuga.
TepmocTatckn BeHTUnn. MogepHusaumja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema crnosbHoj Temnepatypu.
Hannata npema notpouwsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.
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CucTemu rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnexTpuuny 6ojnep LleHTpanHu cnuctem nprnpeme LleHTpanHu cuctem npunpeme

- MoBe3aH Ca CYCTEMOM rpejarba. NOBE3aH Ca CUCTEMOM rpejatba 1

Electric boiler V13merbrBaY TonoTe Ca CUCTEMOM CONMAPHKX KOMEeKTopa.
CMPEMHUKOM Y MOACTaHULN. V13merbrBay TonmoTe ca

- CNPEMHUKOM Y NMOACTaHNLIM.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchangerin water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehewa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Batbe pacagHMx 31Ma0Ba KOHTAKTHOM TEPMOM30MALMOHOM dacafoM. V13010Barbe XOPU3OHTaNHUX KOHCTPYKLMja Npema HerpejaHom
NoAPYMy W TaBaHy. Yrpaarba HOBWX APBEHUX NPO30pPa Ca ABOC/IOJHUM M30NaLMOHUM HYCKOEMUCUOHMM CTako-NnakeToM. @  Yrpaara
TEPMOCTATCKMX BEHTWNA MO CTaHOBMMA. MogepHusaumja NoAcTaHuLe Yrpagrbom CUCTeMa 3a perynauujy npoToka npema CrosbHoj
TemnepaTtypu 1 Meperem ucropyyeHe eHepruje. Hannata npema noTpowrby MepeHoj y MOACTaHWMUMW. Yrpadra LEeHTPanHor cucTema
npvnpeme Tonse BOAE NMOBE3aHOr Ca CUCTEMOM rpejatba.

Thermal insulation of facade walls with a contact facade system. Insulation of the floor constructions to the unheated basement and attic.
Installation of new wooden windows with double-glazed low-emissivity glass unit. ® Installation of termostatic valves in apartments.
Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered energy
measurement. Consumption based billing measured in the substation. Installation of the central system for the hot water preparation
connected to the heating system.

/130n0Batbe dpacafHyIx 310Ba KOHTAKTHOM TEPMOU30MALMOHOM dacafiom. VI3onoBarbe 31oBa npema CyceHUM 0bjekTMa ca YHyTpalutbe
CTpaHe. /130n10Barbe YHyTpallkbKX 3MA0Ba NpeMa HerpejaHoM NpocTopy (XOAHWK/CTeneHnwTe). V13010Bakbe XOPU3OHTANHKX KOHCTPYKLMja
npema HerpejaHom noapyMy 1 TagaHy. Yrpagrba HoBMx npo3opa o NBL npoduna ca TpoCnojH1M M301aLMOHNM HACKOEMUCHOHMM CTaKno-
nakeTom. Yrpafrba HOBUX METanHMX TepMOW30/I0BaHUX BpaTta. @  Yrpafrba TepMOCTATCKMX BEHTWA Mo CTaHoBMMa. MopepHusauuja
NOACTaHNLE YrpaArOM CUCTEMA 3a perynaLmjy NpoToKa npema CrosbHOj TeMnepaTypu 1 MeperbeM UCNopyYeHe eHepruje. Yrpadta nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbeM NOTPOLLIHe eHepruje. Hannata npema NoTpoLwUHbW MepPeHo] y MOACTaHMUM. Yrpaarba LeHTpanHor
cvcTeMa Npynpeme Tonne Bofe NoBes3aHor ca CUCTEMOM rpejarba, Ca 0NYHCKUM CHCTEMOM CONAPHUX KONEKTOPa 3a NOAPLUKY npunpeme.
Thermal insulation of facade walls with a contact facade system. Insulation of walls to the adjacent buildings from the inside. Insulation of
interior walls to unheated areas (hallway/stairway). Insulation of the floor constructions to the unheated basement and attic. Installation of new
PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. @ Installation of termostatic
valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the outside temperature and
delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption. Consumption based
billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system, with
additional solar thermal system to support preparation.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *
MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHW rybmum 1200 1200 1200
efleMeHata TepMn4Kor
OMOTaua 3rpage

Heat loss through the
thermal envelope

1000I 1000 1000

800 800 800
(W/K] I
6OOI 600 600
4ooI 400 400
200 200 200
I I I I I [ | I [ | ™
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7

1 — Cnosalutby 31, 2 — Mpo3opu v 6ankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom CTeneHnTy, 5 — 31a Ka CyceiHoM 06jexTy,
6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpatHa KOHCTPYKLMja Ka HerpejaHom TaBaHy

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Wall to the adjacent building,

6 - Floor construction to unheated basement, 7 - Floor construction to unheated attic
[kWh/m?/ year]

‘ 130 (59%) 165 (75%)
EHepreTcki paspes

- | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ene. [ wess ] [smes ] [35416]
& e [

[ O [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHeprunja notpebHa 3a

rpejarbe

Heating energy |_| e
demand 0 50 100%
[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropunea
District heating / fossil fuel

YHanpebhetbe 1 Improvement 1

[arsuHcko, docmnHa
ropuBa
District heating / fossil fuel

YHanpehere 2 Improvement 2

[amuHcko, ocunHa
ropvea
District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBMHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

182988
62%

50 100%

62%

228733
77%

77%
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CrambeHa 3rpafa Benvke
CNPATHOCTK - CONUTEP

CnnyHm 06jekTn
Similar buildings

<50%

2 A

High-rise residential building

Kateropuja BMLLENMOPOANYHO CTaHOBare — Category multifamily housing
[oanHa n3rpagre 1946-1960 Year of construction 1946-1960

bpoj eTaxa 12 (Mo+Mp+11) Number of floors 12 (B+Gf+11)

bpoj ctaHoBa 45 Number of apartments 45

MoBpwwHa (M?) HeTo rpejaHa 2300 Area (m?) Net heated 2300

3anpemuHa (m?) HeTo rpejaHa 6000 Volume (m?) Net heated 6000

CrambeHn conntep jeHOCTaBHE, KOMMAKTHE OCHO-
Be Ca PaBHWM KPOBOM ¥ MOBYYEHOM KDOBHOM E€TaXOM.
MacafHv 3MO0BYM Cy MAacKBHM, Of "Oyprcon”610KoBa 1nu
nyHe orneke, 3aBPWHO obpaheHn dacagHm ManTepoMm.
Mpo3opw Cy CTaHAAPAHVIX AMMeH3Wja, APBEHNU ABOCTPY-
KV Ca pa3MakHyTUM Kpunmma (yCka KyTuja), MH1LMjanHo
Hajuelwhe onpem/beHn Camo YHYTPaLWHOM MIaTHEHOM
poneTHOM. TaBaHuLe Cy apMUPaHOBETOHCKE, MOMYMOH-
TaXKHe VM NIMBEHE Ha Nl MecTa. [opyMCKM NPOCTop
Ce He KOpUCTK 3a BopaBak, a NpU3eMsbe je CTaMbeHo.

A residential high-rise tower with a simple compact
floor plan, a flat roof and a recessed roof floor. The
massive facade walls were built of Durisol blocks or solid
brick and rendered. Standard-size windows are wooden
double-framed wide sashes in narrow casing, original-
ly only fitted with internal canvas roller shades. The rein-
forced concrete floor constructions are semi-prefabricat-
ed or cast on site. The basement is unoccupied while the
ground floor is used for residence.



CrambeHn conuntep ca MacuBHUM dacafHVIM 3V40BW-
ma og [Jypucon bnokosa 6e3 Tepmonsonaumje. Tepmorpam
npuKasyje npuvmeTHe rybutke TomnoTe Kpo3 dacagHu
31, HAPOUMUTO Y 30HaMa XOPU3OHTAMIHUX U BepTMKas-
HUX apMMPaHO BETOHCKIMX CepKaxa. M3paxeHn rybuim
TOMNOTE Ha MapaneTHVM 3KAoBMMA Te je moryhe youu-
M NonoXaj rpejHux Tena (pagwjatopa). OpuriHanHa
dacagHa ctonapuja je y nolem CTatby Y3 3HaTHe rybuTke
TonnoTe.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel
226

(%]

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

A residential high-rise tower with massive facade
walls built of Durisol blocks without thermal insulation.
The thermal image reveals noticeable heat loss through
fagade walls, particularly at horizontal and vertical rein-
forced concrete ring beams. There is intense heat loss
through parapet walls so that the positions of heat sourc-
es (radiators) are visible. The original facade fenestration
has deteriorated, resulting in intense heat loss.

Energy class of building - existing state

QH’n s [kWh/(m?a)]
158

<100

<150

<200

<250

> 250




HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

31A Ka HerpejaHom
CTEMeHnTY

Partition Wall
to Unheated Staircase

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

KpeuHu mantep 2cm, aypwvicon 6nok 30cm,
nnemeHnT Mantep 3cm

plaster 2cm, light weight concrete block
Durisol 30cm, decorative plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

KpeuHu mantep 2cm, aypycon 6nok 30cm,
nneMeHnTV ManTep 3cm, TepMow3onalja
10cm, mantep 1cm

plaster 2cm, light weight concrete block
Durisol 30cm, decorative plaster 3cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnospa Outside

KpeuHun mantep 2cm, aypvicon 6nok 30cm,
nnemMeHnTV ManTep 3cm, TepMorsonauyja
20cm, mantep Tcm

plaster 2cm, light weight concrete block
Durisol 30cm, decorative plaster 3cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

0.69 0.23 0.15

i (9] (] [} [

° ° ° ° °

£ g k= g £

g S S 8

: 2k 2

= e = e =

(@] (@]

KpeyHu mantep 2cm, fypvcon 6nok 25cm, HEMA M3MEHA KpeyHu mMantep 2cm, fypvcon 610k 25cm,

KpeyHu mantep 2cm - KpeyHu mantep 2cm, Tepmovizonaluja 5 cm,

- NO CHANGES TMMNCKapTOHKa nnoya 1.25cm

plaster 2cm, light weight concrete block -

Durisol 30cm, plaster 2cm plaster 2cm, light weight concrete block
Durisol 30cm, plaster 2cm, thermal insulation
5cm, gypsum board 1.25cm

0.65 0.65 033
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MNocTojehe cTare Present state YHanpebhere 1 Improvement 1 YHanpehetrbe 2 Improvement 2

Me‘r')ycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTPYKUWja 13Hag

(noapym)

- . Cnorba Outside Cnorba Outside Cnosba Outside

Floor Construction

to Unheated Area napkeT Ha acdanTy 3cm, noanora of napket Ha achanty 3cm, nognora napkeT Ha acdanTty 3cm, nognora

B 6nvHanTa 4cm, ab nnova 20cm on 6nnHanTa 4cm, ab nnoua 20cm, o 6nuHanTa 4cm, ab nnoya 20cm,

(Basement) - Tepmomsonauuja 10cm, mantep 1cm Tepmonsonaumja 15 cm, mantep 1cm
parquet 2.2cm, bitumen, wood/cement - -
screed 3cm, reinforced concrete slab 20cm parquet 2.2cm, bitumen, wood/cement parquet 2.2cm, bitumen, wood/cement

screed 3cm, reinforced concrete slab 20cm, screed 3cm, reinforced concrete slab 20cm,
thermal insulation 10cm, plaster 1cm thermal insulation 15cm, plaster Tcm

U (W/m?K) 120 0.28 0.21

PaBaH KpoB Cnosba Outside Cnosba Outside Cnosba Outside

- ==

Flat Roof
YHyTpa Inside YHyTpa Inside YHyTpa Inside
KameHe nnoye 4cm, necak 3cm, rutacant Liem. KoLLysbiLia 4cm, XMapoms. Tcm, Liem. Liem. KoLyrbuLia 4cm, xuapowms. 1cm, Lem.
2.5cm, uem. Kowyrbmda 1.5cm, xuapons. 1cm, KOLWY/bMLa 3a Nag 5¢cm, Tepmoms. 16 cm, KOLYsbMLa 33 Mag 5¢cm, Tepmoms. 20cm,
HaCuN of Wbako 6eToHa MMH 5cm,, Xyapnc” anymnHvjymcka donuja, xyapmc” TaBaHmLa anyM1HVjymcka Gonwja,, Xyaprc” TaBaH1La
TaBaHuLa 22cm, TpwyaHy nnadoH 3cm 22cm, TpwyaHm nnadoH 3cm 22cm, TpLyanHm nnadoH 3cm
stone tiles 4cm, sand 3cm, asphalt 2.5cm, cement screed 4cm, hydro insulation Tcm, cement screed 4cm, hydro insulation 1cm,
cement screed 1.5cm, hydro insulation Tcm,  cement screed laid to falls min 5¢cm, thermal — cement screed laid to falls min 5cm, thermal
mound of breeze concrete min 5cm, light insulation 16¢cm, aluminium foil, light weight  insulation 20cm, aluminium foil, light weight
weight hollow-core concrete slab hudris hollow-core concrete slab hudris 22cm, hollow-core concrete slab hudris 22cm,
22cm, straw —plaster ceiling 3cm straw —plaster ceiling 3cm straw —plaster ceiling 3cm

U (W/m?K) 1.04 0.20 0.16
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBEHY, IBOCTPYKM Ca PasmMakHy TUM
Kpuivma (ycka KyTuja) 1 jeaHOCTPYKUM
CTaK/IOM. YHyTpallkba niaTHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pseHa aynnowneposaHa HEMA M3MEHA MeTanHa, Kprno ca TepmMon301aUrioHOM
- - NCMYHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.50 3.50 1.50

Cuctemu rpejarba 1 Npunpeme Tomne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

apr
T

-
QRIEEE

[armmHcKo rpejatbe Ha docrnHa roprsa

District heating system (fossil fuel)

[larbnHCKo Ha docuiHa ropusa.
TepmocTatckn BeHTUNN. MoaepHu3auwja
NOACTaHuLEe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHby
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo Ha docunHa ropuga.
TepmocTatckn BeHTUnn. MogepHusaumja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema crnosbHoj Temnepatypu.
Hannata npema notpouwsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.
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CucTemu rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnexTpuuny 6ojnep LleHTpanHu cnuctem nprnpeme LleHTpanHu cuctem npunpeme

- MoBe3aH Ca CYCTEMOM rpejarba. NOBE3aH Ca CUCTEMOM rpejatba 1

Electric boiler V13merbrBaY TonoTe Ca CUCTEMOM CONMAPHKX KOMEeKTopa.
CMPEMHUKOM Y MOACTaHULN. V13merbrBay TonmoTe ca

- CNPEMHUKOM Y NMOACTaHNLIM.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchangerin water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehewa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

V130noBatse dacagHmnx 3Ma0oBa KOHTAKTHOM TEPMOV30MALIMOHOM Gacafom. PEKOHCTPYKLMja CojeBa PaBHOM KPOBa Ca MOCTaB/barbeM Cr1oja
fofatHe TepmMUyKe 3aliTuTe. /13010Barbe XOPU3OHTaNHE KOHCTPYKLMjE M3HaA HerpejaHor nofpyma. Yrpadra HOBKX APBEHMX NPO30pa
Ca ABOC/IOJHUM M301aLMOHNM HACKOEMUCKOHMM CTaKMo-NakeToM. @ Yrpafrba TEPMOCTATCKVX BEHTWNA MO CTaHoBMMa. MoaepHw3sauvja
NOACTaHNLE YrpafHoM CUCTeMa 3a Perynauyjy NpoToka Npema CNosbHOj TeMNepaTypu U Meperbem VcropyyeHe eHeprije. Hannata npema
NOTPOLLHM MEPEHO] Y MOACTaHNLM. Yrpadtba LIeHTPaNHOr c1cTema Npunpeme Tornne Boge NoBe3aHor ca CUCTEMOM rpejarba.

Thermal insulation of facade walls with a contact fagade system. Reconstruction of flat roof layers with installation of additional thermal
protection. Insulation of the floor construction above the unheated basement. Installation of new wooden windows with double-glazed low-
emissivity glass unit. ® Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system
in accordance to the outside temperature and delivered energy measurement. Consumption based billing measured in the substation.
Installation of the central system for the hot water preparation connected to the heating system.

/130noBatbe dacagHmnx 3MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM Gacafom. V13010Bate YHyTpallbyIX 3140Ba NpemMa HerpejaHom npoctopy
(xofHWK/CTeneHnwWTe). PEKOHCTPYKUMja CojeBa paBHOT KPOBa Ca NOCTaB/bakbeM C/10ja I0AATHE TEPMUYKE 3aLUTuTe. 130110Barbe XOPU3OHTaHe
KOHCTPYKUMje V3Haa HerpejaHor noapyma. Yrpaaka Hosux nposopa oA MBL npodwuna ca TPOCIOjHUM U30MALMOHMM HUCKOEMUCUOHIM
CTaKNO-NakeTom. Yrpafikha HOBYX METaIHVX TEPMOM30/I0BaHX BpaTa. @ Yrpafba TEPMOCTATCKYX BEHTIMA NO CTaHOBMMA. MogepHy3saumja
NOACTaHNLE YrpaArOM CMCTEMA 3a PerynaLmjy NpoToKa npema CrosbHOj TeMnepaTypu 1 MEPEerbeM UCNopyYeHe eHepruje. Yrpadta nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbem NOTPOLIHe eHepruje. Hannata npema NoTpoLwUHbi MePeHo] y MOACTaHMUM. Yrpaarba LeHTpanHor
cvcTemMa Npynpeme Tonne Bofe NoBes3aHor ca CUCTEMOM rpejarba, W Ca JOMyHCKVM CUCTEMOM CONAaPHIX KONEKTOPa 3a NOAPLUKY Npunpeme.
Thermal insulation of facade walls with a contact fagcade system. Insulation of interior walls to unheated areas (hallway/stairway).
Reconstruction of flat roof layers with installation of additional thermal protection. Insulation of the floor construction above the unheated
basement. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors.
® |nstallation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the
outside temperature and delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption.
Consumption based billing measured in the substation. Installation of the central system for the hot water preparation connected to the
heating system, with additional solar thermal system to support preparation.
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YHanpeherbe TepMuyKor omotaya — eHepretckn 6unanc * Thermal envelope improvement — energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHu ry6uum 1900 1900 1900
enemeHara TepM1YKor -
oMOTaua 3rpage 1700 I 1700 1700
- 1500 1500 1500
Heat loss through the
thermal envelope 1300 I 1300 1300
W/K] 1100 I 1100 1100
900 I 900 900
700 I 700 i 700
500 I sool I 500 I
300 II. 3OOIIIl 300 I
EEEER "EEEEY - EEENE
1.2 3 4 5 6 1.2 3 4 5 6 1 2 3 4 5 6

1 — Cnosalltby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom cTenerniuTy, 5 — MehycnpaTHa KOHCTpyKLUmja
M3Haf, HerpejaHor noapyma, 6 — PaBaH kpos

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Floor construction to unheated
basement, 6 — Flat roof

‘ o ’ <

[F IO I

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[kKWh/m?/ roguiitrse]
[kWh/m?/ year]

EHepreTcki paspes

Energy class

®uHanHa eHepruja

Final ener. [ s ] [wes | IDE]
& e et

[ O [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema NpaBunHUKY 0 eHepreTckoj edrkacHocTH 3rpaaa (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnacHvik PC’, 6p.61/2011)



Ll - nepnog 1946 - 1960. C - period 1946 - 1960

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHeprunja notpebHa 3a

rpejarbe

Heating energy |_| e
demand 0 50 100%
[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropunea
District heating / fossil fuel

YHanpebhetbe 1 Improvement 1

[arsuHcko, docmnHa
ropuBa
District heating / fossil fuel

YHanpehere 2 Improvement 2

[amuHcko, ocunHa
ropvea
District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBMHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

463873
62%

50 100%

62%

558880
74%

74%







D period 1961 - 1970
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01
D1

MNopoanyHa cnobopgHoctojeha Kyha

CnnuHm o6jekTn
Similar buildings

O

<50%

oo
! oo

2 A

Free-standing family house

KaTeropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 1961-1970 Year of construction 1961-1970
Bpoj eTaxa 3 (Cy+Mp+1) Number of floors 3 (LGf+Gf+1)
bpoj cTaHoBa 2 Number of apartments 2

MospuwnHa (M?) HeTo rpejaHa 150 Area (m?) Net heated 150
3anpemuiHa (m?) HeTo rpejaHa 550 Volume (m?3) Net heated 550

CnpatHa Kyha ca aBe cTambeHe jeanHMLE 1 NOAPYM-
cknm  npoctopom/cyTepeHom. OCHOBa je KOMMaKTHa,
rOTOBO KBaApaTHa, a KPOB je MAMTaK YeTBOPOBOAHM,
Ca TaBaHCKMM MPOCTOPOM Koju Ce He KopucTu. Cnosb-
HV 31MA0BW CY MAaCWBHMW, 31AaHV MYHOM OMeKoM 1 MaTe-
pucanu. Mpo3opw Cy ApBeHW, ABOCTPYKM, CTaHAaPAM30-
BaHWX AVMeH3Wja. VI3Haa roprbe eTaxe je “KapaTtaBaH', a
13Haj NoApyMa je TaBaHumLa T1na “ABpameHKo”.

A one-storey house with two residential units and
a basement. The compact floor plan is almost square;
the shallow hipped roof is above an unoccupied loft.
The external walls are massive, built of solid brick and
rendered. The wooden double-framed casement
windows are of standard size. The ceiling to the attic
is a wooden Karatavan construction (straw and plaster
underneath and planks covered with soil above) where-
as the floor construction above the basement was done
in the Aviamenko system.



1 - nepvop 1961 — 1970. D — period 1961 - 1970

MNopofnyHa kyha ca macviBHUM dacafHVM 31A0BK-
Ma ofi oneke 6e3 Tepmomsonaumje. Kyha ce He rpeje y
LeNoCTN 1 Ha TepMOrpamy Ce jaCHO MOXe BMAETH rpeja-
HW A€0 Y BUAY NpU3emMHe eTaxe. HajuzpaxeHuju ryouum
TOMJIOTE Ce jaBsbajy Y 30HWU XOPU3OHTANHMX apMUPaHO
BETOHCKMX CepKaXka 1 HaTMPO30PHWX rpefa. KoHCTPYK-
Umnja Npo3sopa je Heofrosapajyha ca n3pasutim TonnoT-
HUM ryOULIMA, HAPOUMTO Y 30HM KyTKja 3a posieTHe.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]
360

A family house with uninsulated massive brick walls.
The house is not entirely heated; the thermal image clear-
ly indicates the heated ground floor. The most noticable
heat losses occur in the zones of reinforced concrete
ring beams and lintels. The window construction is inad-
equate, showing extensive heat loss especially at roller
shutter boxes.

Energy class of building — existing state

QH’n s [kWh/(m?a)]
252

<100

<150

<200

<250

F S —
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3ug 1
(cyTepeH)

External Wall 1
(basement)

U (W/m?K)

Cnorballhsu 31a 2
(Npvzembe)

External Wall 2
(ground floor)

U (W/m?K)

Cnosbaltsn 3ua 3
(cnpaT)

External Wall 3
(first floor)

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehere 2 Improvement 2

Cnosba Outside

[} [} (5} 3 (] [} 3
o ° o = ° T =
) @ > =3 5 S [
= 5 £ 5 5 < =

= =3
8 5 BE 5 BB
= = =3 = =3
> 2 > [ 2 > |
I o I o I
> c > c >

@) (@}
ManTtep 3cm, 314 O KameHa 50cm rMNCc-KapToHCKa nnova 1.25cm, rMNC-KapTOHCKa nnova 1.25cm,
- Tepmomsonauuja 8cm, Mmantep 3cm, Tepmomsonauuja 8cm, mantep 3cm,
plaster 3cm, stone wall 50cm 31a of KameHa 50cm 31a o KameHa 50cm
gypsum board 1.25cm, thermal insulation gypsum board 1.25cm, thermal insulation
8cm, plaster 3cm, stone wall 50cm 8cm, plaster 3cm, stone wall 50cm
1.57 033 033
[ (9] (] [} [
e e e e} e
4 3 & 3 5
£ 5 < 5 £
g ° g ° g
= = =
2 5 5 2
= S = e =
@] (@}

ManTep 2cm, 31 of oneke 38cm,
ManTep 2cm

plaster 2cm, brick wall 38cm, plaster 2cm

ManTep 2cm, 3u4 of oneke 38cm,
ManTtep 2cm, Tepmonsonauuja 10cm,
mantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster 1cm

Cnosba Outside

ManTep 2cm, 3u4 of oneke 38cm,
ManTtep 2cm, Tepmonsonaumja 20cm,
mantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 20cm, plaster 1cm

1.27 0.27 0.15
[ () () [} [
he) o o ° he)
2 3 2 3 2
j= 5 £ g j=
3 © 3 © 3
= I =
0 5 = 5 0
= <) = el >
() )

ManTep 2cm, 3ua of oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

1.70

ManTep 2cm, 3uA o4 oneke 25cm,
ManTep 2cm, Tepmousonauuja 10cm,
mMantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

0.28

Cnosba Outside

ManTep 2cm, 3ua o4 oneke 25cm,
manTep 2cm, Tepmovsonaumja 20cm,
mantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

0.15
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

3uay Ty

Basement Wall

U (W/m?K)

lNoa Ha Ty

Ground Floor

U (W/m?K)
MehycnpatHa

KOHCTPYKLWja NCNoA
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

mMantep 3cm, 31 of kameHa 50cm

plaster 3cm, stone wall 50cm

1.67

YHyTpa Inside

Cnosba Outside

napkeT y achanty 2.2cm, LemeHTHa
KoLysbula 5cm, xuapoursonaduja 1cm,
HabujeHn 6eToH 10cm, wibyHak 10cm
parquet on asphalt 2.2cm, cement screed
5cm, hydro insulation 1cm, rammed
concrete 10cm, gravel 10cm

0.61

Cnosba Outside

YHyTpa Inside

€oj HabwjeHe 3embe 10cm, facke 2cm,
[pBeHe TaBatrbaye 14/20cm Ha 80cm /
Bazayx 20cm, TpLyaHu nnadoH 5cm

rammed earth 10cm, plank 2cm, wooden

rafters 14/20cm at 80cm distance / air 20cm,

straw-plaster ceiling 5cm

0.71

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnospa Outside

HEMA M3MEHA

NO CHANGES

1.67

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.61

Cnosba Outside

YHyTpa Inside

[acke 2cm, ApBeHe TaBakave 14/20cm Ha
80cm / Tepmowzonatmja 20cm, TpLYAHN
nnapoH 5cm

plank 2cm, wooden rafters 14/20cm at 80cm
distance / thermal insulation 20cm,
straw-plaster ceiling 5cm

0.21

YHanpehetbe 2 Improvement 2

=3
-
-
P
=
S
=
-
=
-
s
=
-
==
S
=
s
=
-
=
=

YHyTpa Inside
Cnosba Outside

rMNC-KapToHCKa nnova 1.25cm,
Tepmowusonauymja 5cm, mantep 3cm,
31 0 KameHa 50cm

gypsum board 1.25cm, thermal insulation
5cm, plaster 3cm, stone wall 50cm

047

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.61

Cnosba Outside

YHyTpa Inside

Tepmonsonauuja 10cm, gacke 2cm,
npBeHe TaBakbave 14/20cm

Ha 80cm / Tepmom3sonauuja 20cm,
TpWYaHW NnapoH 5cm

thermal insulation 10cm, plank 2cm,
wooden rafters 14/20cm at 80cm
distance / thermal insulation 20cm,
straw-plaster ceiling 5cm

0.10
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

Mpo3op
Window
[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaK/OM, iPBEHa PONneTHa
Wooden, double frame, double sash (narrow
box) with single glazing, wooden roller blind
U (W/m?K) 3.50

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCUOHUM CTaK/O-MakeTom
UCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

)leBeHa Ca CTakneHom ncrnyHom

Wooden, leaf with glass

YnasHa Bpata

Entrance door

U (W/m?K)

[lpBeHa, Kpro ca TepMoV3onaLoHOM
NCnyHOM

Wooden, insulated leaf

[lpBeHa, KpWo ca TepMOM30MaLIMIOHOM
MCMYHOM

Wooden, insulated leaf

CucTem 3arpeBatba
npocTopwja

4.00 1.50 1.50
Cuctemun rpejal-ba n npunpeme Tonse soge Heating and hot water system
l--_“ 3 ﬁ _ ﬁ

Heating system

lNojeanHaure nehn Ha cTpyjy

Single electric stove

CreneH nckopuuiherba
cvcTema rpejarba

Heat]ng System _

efficiency factor

LleHTpanHm cuctem rpejarba,
HUCKOTEMMEePaTYPHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
or logs)

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/MeneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



[1- nepvop 1961 — 1970. D — period 1961 - 1970

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boge

Hot water system

EnekTpuunu 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cuctem npunpeme
TOMMEe CaHWUTapHe BOAE NOBE3aH Ca
CUCTEMOM rpejarba

Central supply with a domestic

hot water — DHW cylinder in
combination with a heat generator

YHanpeherbe 2 Improvement 2

1,

71

i

LleHTpanHy cuctem nprnpeme
TOM/Ee CaHUTapHe Bofe NoBe3aH
Ca CUCTEMOM rpejarba 1 CUCTeMOM
CONapHYX KonekTopa

Central supply with a domestic
hot water - DHW cylinder in

combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

V130noBate dacagHMx 31AoBa MNpusemsba M Crpata KOHTAKTHOM TePMOWM30MaLMoHOM Gacafom. V130noBarbe CyTepeHCKMX 3MgoBa ca
YHyTpalUtbe CTpaHe. 3010Barbe XOPU3OHTaNIHE KOHCTPYKLIMjE NpemMa HerpejaHoM TaBaHy. Yrpafirba HOBUX APBEHMX NPO30Pa Ca ABOC/IOjHIM
11301aLMOHNM HUCKOEMMCUOHIMM CTaKI0-NaKeToM. Yrpaaba HOBUX TEPMOV30M0BaHWX BpaTa. ® VIHCTanauwja LeHTpanHor cuctema rpejarba
¥ Npunpeme Tonse CaHnTapHe BOfE Ca HICKOTEMMNEPaTYPHUM KOT/IOM Ha 3eMHI rac. HuckoTemnepaTypHYM CUCTEM rpejakba ca U3010BaHNM
LIeBHVIM BOJOBVIMA 1 BDEMEHCKIM/TEMMNEPATYPHUM perynatopuma.

Thermal insulation of ground- and upper-floor facade walls with a contact fagade system. Internal insulation of basement walls. Insulation of
the floor construction to the unheated attic. Installation of new wooden windows with double-glazed low-emissivity glass unit. Installation
of new, thermally insulated, doors. ® Central heating and domestic hot water supply with a low temperature gas boiler. Low temperature
heating system with insulated pipes and time and temperature programmable control unit.

V3onosare acagHyx 31aoBa Mpr3emsba M CripaTta KOHTAKTHOM TePMOM30MaUMOHOM dacafom. VI3onoBare CyTepeHCKMX 31aoBa ca
YHyTpalUtbe CTpaHe. /130n10Batbe XOPK30HTaNHe KOHCTPYKLMjE Npema HerpejaHom TaBaHy. Yrpaara Hosux nposopa of MBL npoduna ca
TPOC/OJHM M30M1LMOHNM HUCKOEMUCUOHMM CTaKIO-NakeToM. Yrpadka HOBKX TEPMOM30MOBaHMX BpaTa. @  VIHCTanauwja LeHTpanHor
cvcTemMa rpejarba v Npynpeme Tore CaH1TapHe BOAE Ca KOHAEH3aLMOHM KOT/IOM Ha 3eMHM rac. VIHCTanaumja AonyHCKOr cMCTema ConapHmux
KOmneKTopa 3a NoApLIKy Y NPUNPeMM Tomne CaHUTapHe Boge.

Thermal insulation of ground- and upper-floor fagade walls with a contact facade system. Internal insulation of basement walls. Insulation
of the floor construction to the unheated attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of
new, thermally insulated, doors. ® Central heating and domestic hot water supply with a condensing gas boiler. Additional solar thermal
system for DHW heating.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 400 400 400
enemMeHata TepMUYKor
omOTaYa 3rpage 350 I 350 350

Heat loss through the 300 300 300

thermal envelope

250 I 250 250
[W/K] I

200 200 200
150 150 150
100 100 100
50 50 & 50
|| I | I -
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

1 - Cnosmaltby 3ug, 2 — Mpo3sopw, 3 - Bpata, 4 —3uay Ty, 5 - MehycnpaTHa KOHCTPYKLWja Ka HerpejaHom TasaHy, 6 — [og Ha Ty

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

1 — External wall, 2 = Windows, 3 — Doors, 4 — Basement wall, 5 — Floor construction to unheated attic, 6 — Ground floor
[KWh/m?/ roguiitse]
[kWh/m?/ year]

‘ 165 (65%) . 182 (72%)
EHepreTcku paspeq

; | ) I

Energy class

®uHanHa eHepruja

Final ener. [ s ] [zn] ]
& e o

[ T Y B [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)



1 - nepvop 1961 — 1970. D — period 1961 - 1970

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTcky bunaHc
Thermal envelope improvement with heating system - energy balance

EHepruja noTpebHa 3a

rpejarbe

Heating energy
demand

[KWh]
EHepreHT

Fuel

MNpumapHa eHeprija

Primary energy

[KWh]

Emncmja CO,
CO, emission
(kal

[NoTpouwrsa eHepruje
33 rpejarbe HakoH

npvimeHe rpaheBUHCKIX

1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures

NocTojehe cTare Present state

YHanpebherbe 1 Improvement 1

0 50 100% 0 50 100%
EnexkTpnuHa eHepruja lac
Electricity Gas
15488
13%
106498
87%
[ e ] [
[

| [ N
0 50 100%

[ I
0 50 100%

71%

YHanpehetbe 2 Improvement 2

9820
I R A N |
0 50 100%
[ac
Gas
10801
9%
111185
91%
2160
I R A N |
0 50 100%
80%
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MopopaunyHa Kyha y Hu3y

Cnnunm o6jekTy
Similar buildings

ooo oo
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)

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 1961-1970 Year of construction 1961-1970
Bpoj eTaxa 1 (Mo+Mp) Number of floors 1 (B+Gf)

Bpoj cTaHoBa 1 Number of apartments T

MosplnHa (M?) HeTo rpejaHa  60-80 Area (m?) Net heated 60-80
3anpemuHa (m?) HeTo rpejaHa 150-250 Volume (m?3) Net heated 150-250

Kyha y HM3y Ca ABOBOAHWM KPOBOM W TaBaHCKMUM
NPOCTOPOM KOju Ce He KopucTu 3a bopasak. Pacaa-
HY 310BK Cy Of TUTEP WAW NyHe oneke, ManTepucaHy,
Ca penaTMBHO Mano OTBOpa CTaHAAPAM30BaHNX ANMEH-
3uja. Tpo3opn cy ApBeHK, ABOCTPYKM Ca Pa3MakHyTUM
Kpunmma (ycka KyTuja). Vicnon aena kyhe yecto ce Hana-
31 MOAPYM Ca TEXHWUUKMM ¥ NOMONHUM MpocTopKjama.

96

A house in a row with a pitched roof and an unoccu-
pied attic. The facade walls are of cellular clay blocks or
solid brick; they are rendered and have a relatively low
window-to-wall ratio. There are wooden double-framed
narrow casement windows of standard size. Below a
part of the house there is usually a basement with utility
rooms.



[1- nepvop 1961 — 1970. D — period 1961 - 1970

MopofgnyHa kyha y HW3y ca MacuBHUM dacagHum
310BMMa O oreKe U rutep br1oKa 6e3 Tepmowzonaluje.
Kyha ce rpeje y LienocT 1 Ha TepMOrpamy Ce jacHO MOXe
BUAETV TPejaHn [e0 Y BUAY NPU3EMHE eTaxe 1 Herpeja-
HW TaBaHCKM MpocTop. HajuspaxkeHnju ryéuum Tonno-
Te Ce jaB/bajy Y 30HM apMUPaHO OETOHCKIMX CepKaKa 1
HaTNPO30PHWX rpesa. KOHCTPYKLUMja NPO30pa je HeoAro-
Bapajyha ca 13pasuTimM TOMOTHUM ryouLMMa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel
479

(%]

A family house in a row with uninsulated massive
facade walls made of brick and hollow clay blocks. The
entire house is heated and the thermal image clear-
ly distinguishes the heated section of the ground floor
from the unheated attic area. The most noticable heat
losses occur in the zones of reinforced concrete ring
beams and lintels. The window construction is inade-
quate, showing extensive heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
359

<100

<150

<200

<250

> 250

197
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)
3uf Ka cycepy

Wall to the Adjacent
Building

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, rutep oneka 25cm, mMantep
2cm

plaster 2cm, brick wall 25cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, rutep oneka 25cm,
ManTep 2cm, Tepmounsonaduja 10 cm,
mMantep 1 cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, rutep oneka 25cm, mantep
2cm, Tepmomsonauuja 20cm, mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

1.49 0.28 0.16

[ (9] (] [} [

) ) ) o )

c = Z £ Z

- 3 = [EE 3 s

2 3 2 3 2

> > >

&3 s & I e 3

(@] (@]

Mantep 2cm, rutep oneka 25cm, HEMA M3MEHA FMNC KapTOHCKe nnoye 1.25cm,

ManTep 2cm - TepmMounsonauuja 5 cm, mantep 2cm,

- NO CHANGES rTep oneka 25cm, Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm -
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25cm,
plaster 2cm

1.40 1.40 045
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CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)
MehycnpaTHa

KOHCTpYyKUWja ncnop
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor nogpyma

Floor Construction
to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

NapKeT Ha OWTymeHy 2cm, LeMeHTHa
Kowysbuua 2.5cm, xugpovsonauuja 1cm,
HabujeHn 6eToH 10cm, WibyHak 10cm
parquet on asphalt 2cm, cement screed
2.5cm, hydro insulation Tcm, rammed
concrete 10cm, gravel 10cm

0.77

Cnosba Outside

YHyTpa Inside

6nato ca nnesom 6¢m, TM3 TaBaHmLa 20cm,
Mantep 2cm

rammed earth with chaff 6cm, TM3 slab with

hollow clay block 20 cm, plaster 2cm

1.54

YHanpeherbe 1 Improvement 1

YhyTpa Inside

Cnorsba Outside

HEMA M3MEHA

NO CHANGE

0.77

Cnorba Outside

YHyTpa Inside
LieMeHTHa KOLLy/buLa 4Cm, Tepmom3onaLmja

10cm, TM3 TaBaHmLa 20cm, mantep 2cm

cement screed 4cm, thermal insulation
10cm, TM3 slab with hollow clay
block 20 cm, plaster 2cm

0.33

YHyTpa Inside

Cnosba Outside
NapKeT Ha bKTymeHy 2cm, LemeHTHa
Kowysbumua 2.5cm, TM3 TaBaHwmua 20cm

parquet on asphalt 2cm, cement screed
2.5cm, TM3 slab with hollow clay
block 20 cm

217

YHyTpa Inside

Cnosba Outside

napKeT Ha BUTymMeHy 2cm, LeMeHTHa
KoLybuua 2.5cm, TM3 1aBaHnua 20cm,
Tepmomsonauuja 10cm, mantep 1cm
parquet on asphalt 2cm, cement screed
2.5cm, TM3 slab with hollow clay

block 20 cm, thermal insulation 10cm,
plaster Tcm

0.30

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGE

0.77

Cnosba Outside

OO

YHyTpa Inside

LIeMEHTHa KOLLY/bL@ 4Cm, TepMom3onaLivja

20cm, TM3 TaBaHwmua 20cm, mantep 2cm

cement screed 4cm, thermal insulation
20cm, TM3 slab with hollow clay
block 20 cm, plaster 2cm

0.18

YHyTpa Inside

Cnosba Outside

napKeT Ha brTymeHy 2cm, LemeHTHa
Kowysbumua 2.5cm, TM3 TaBaHwmua 20cm,
Tepmonsonaumja 15¢cm, mantep 1cm
parquet on asphalt 2cm, cement screed
2.5cm, TM3 slab with hollow clay

block 20 cm, thermal insulation 15cm,
plaster Tcm

0.22
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

Cnctem 3arpeBarba
npocTopwja

MocTojehe cTarbe Present state

[lpBeHw, BOCTPYKM Ca pasMakHy UM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM

CTaknom, apseHn Kanun

Wooden, double frame, double sash (narrow
box) with single glazing, wooden shutters

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCUOHUM CTaK/O-MakeTom
UCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.30 1.50 1.00

[lpBeHa ca cTakneHom 1cnyHoMm HEMA M3MEHA HEMA M3MEHA

Wooden, leaf with glass NO CHANGES NO CHANGES

3.00 3.00 3.00
Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Heating system

CreneH nckopuuiherba
cvcTema rpejarba

Heating system
efficiency factor

200

MNojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHw cuctem rpejatba Ha ApBa,

MYPONUTNYKI KOTao Ca akymynaTtopom BoLe

3a rpejatbe

Central heating with a biomass boiler for

pellets or logs, wood gasification boiler with

a buffer tank

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/MeneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)
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Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boge

Hot water system

EnekTpununn 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cuctem nprnpeme
TOMNe CaHWTapHe BOAE NOBe3aH ca
CUCTEMOM rpejarba

YHanpeherbe 2 Improvement 2

1,

71

i

LleHTpanHu cnctem npunpeme
Tonne caHUTapHe BoAe NosesaH
Ca CUCTeMOM rpejarba U CUCTEMOM

- CONapHYIX KonekTopa

Central supply with a domestic -

hot water - DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

V13onoBarbe pacagHyx 3140Ba KOHTAKTHOM TEPMOM30/ALMOHOM Gacafom. M130M0Barbe XOpr3oHTanHe KOHCTPYKLMje NMpema HerpejaHom
TaBaHy. VI30n0Batbe XOPW3OHTANHE KOHCTPYKUMjE W3HaA HerpejaHor nogpyma. Yrpaftba HOBMX APBEHMX MPO30pa Ca ABOC/OjHUM
130/1aUMOHUM HUCKOEMWUCVOHUM CTakno-makeTom. @  VIHCTanauuja UeHTPanHOr CucTemMa rpejarba 1 npunpeme Tomne caHuTapHe Boae
Ca NUPOAUTUYKMM KOTIOM BUCOKOT CTeneHa nckopuwhersa. HuckotemnepartypHu CUCTEM rpejarba Ca 130710BaHVM LIEBHIM BOAOBMMA U
BpeMeHCKMM / TemnepaTypHIM perynatoprma.

Thermal insulation of facade walls with a contact fagade system. Insulation of the floor construction to the unheated attic. Insulation of
the floor construction above the unheated basement. Installation of new wooden windows with double-glazed low-emissivity glass unit.
® Central heating and domestic hot water supply with high efficient wood gasification boiler. Low temperature heating system with
insulated pipes and time and temperature programmable control unit.

/130n0Batse GpacafHyix 3140Ba KOHTAKTHOM TEPMOU30/1aLMOHOM pacafom. V130n10Bae 3MA0Ba Ka CyCefHVM 06jeKTMa Ca yHy Tpallike CTpaHe.
/130n10Batbe XOPU3OHTaNHE KOHCTPYKUMjE Npema HerpejaHom TaBaHy. /130110Bakbe XOPU30HTaNHe KOHCTPYKLMje U3Ha[ HerpejaHor Noapyma.
Yrpadtba HoBvix Npo3opa of MNBL npoduna ca TPOCNOjHUM 130MaLMOHNUM HUCKOEMUCUOHMM CTako-NakeTom. ® VHCTanaumja LeHTpanHor
cvcTeMa rpejarba v nprnpeme Tore CaH1TapHe BOAE Ca KOHAEH3aLMOHUM KOTJIOM Ha 3eMHM rac. VIHCTanaumja AonyHCKOr CMCTeMa ConapHmuX
KomneKTopa 3a NoApLKy y NPMUNpemm Tore cCaHuTapHe Boge.

Thermal insulation of fagcade walls with a contact fagade system. Internal insulation of the walls to the adjacent buildings. Insulation of the
floor construction to the unheated attic. Insulation of the floor construction above the unheated basement. Installation of new PVC windows
with triple-glazed low-emissivity glass unit. ® Central heating and domestic hot water supply with a condensing gas boiler. Additional solar
thermal system for DHW heating.

201
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTtHX ryéunum 160 160 160
efnemMeHara TepMUYKOr
oMOTaya 3rpage 140 140 140
Heat loss through the 120 120 120
thermal envelope
100 100 100
[W/K]
80 80 80
60 60 60
40 40 40

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcki paspes

Energy class

®uHanHa eHepruja

Final energy

[KWh]

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)

20 i
2 3 4 5

1

~ I

6

N

Oi i
12 3 4 5

~

~ e

20
111
1 2 3 4 5

6

1 - Cnosaltby 31, 2 —Tpo3opw, 3 —Bpata, 4 — 3uA Ka cyceHom 0bjekTy, 5 — MehycnpaTHa KOHCTPYKLMja Ka HerpejaHom TaBaHy,

6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 - Moa Ha Ty

1 - External wall, 2 = Windows, 3 — Doors, 4 — External wall to adjacent building, 5 - Floor construction to unheated attic,
6 — Floor construction to unheated basement, 7 — Ground floor

e

o

50 100%

221 (62%) 258 (72%)

0 50

[ e
0 50 100%
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YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejarba — eHepreTcky buaHc
Thermal envelope improvement with heating system - energy balance

EHepruja noTpebHa 3a
rpejarbe

Heating energy
demand

[KWh]

EHepreHT

Fuel

[NpumapHa eHeprija

Primary energy

[KWh]

Emncmja CO,
CO, emission
(kal

[oTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures

lNocTtojehe cTare Present state

YHanpebherbe 1 Improvement 1

0 50 100% 0 50 100%
Hpso Hpso
Wood Wood
6749
85%
0 0
A E A B A E E B
0 50 100% 0 50 100%
77%

YHanpehetbe 2 Improvement 2

7218

[ac
Gas

86%
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A3
D3

CrambeHa cnobopgHocTtojeha 3rpaga

CnnyHm 06jekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

Free-standing residential building

Kateropuja BMLLENMOPOANYHO CTaHOBare — Category multy-family housing
[oanHa n3rpagre 1961-1970 Year of construction 1961-1970

bpoj eTaxa 5 (Mo+Mp+4) Number of floors 5 (B+Gf+4)

bpoj ctaHoBa 20 Number of apartments 20

MoBpwyHa (M?) HeTo rpejaHa 1150 Area (m?) Net heated 1150

3anpemuHa (m?) HeTo rpejaHa 3000 Volume (m?) Net heated 3000

CrambeHa 3rpafla KOMMakTHE OCHOBe, Ca MAUTKUM
KOCMM KPOBOM. 310BM Cy MacMBHK, apMUPaHOOETOH-
CKV 1nv of "aypuncon” 610KOBa, ManTepucaHu, 6e3 nkak-
BUX GacafHvx ykpaca. [po3opn cy cTaHAapAHVIX ANMEH-
3Wja, BOCTPYKM APBEHM Ca PasMakHyTUM Kpuavma (ycka
KyTwja), HWUMjaNHO Hajuyelwhe onpem/beH CaMo yHyTpa-
WHOM M1IaTHEHOM poneTHoM. MehycnpaTHe KOHCTPYK-
Upje cy cuTHopebpacTe apMupaHobeToHcKe. MoapymcKn
1 TaBaHCKM NPOCTOPU Hajuelwhe ce He KopucTe 3a bopa-
Bak. [Mpun3emsbe objeKTa je HamereHO CTaHOBatbY.

A residential building with a compact floor plan and
a shallow pitched roof. The walls are massive, built of
reinforced concrete or Durisol blocks and rendered, with-
out any facade decorations. Standard-size windows are
wooden double-framed wide sashes in narrow casing,
in most cases originally only fitted with internal canvas
roller shades. Floor constructions are reinforced concrete
ribbed slabs. The basement and loft areas are generally
unoccupied. The ground floor is used for residence.
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CrambeHa 3rpaja ca MacMBHUM dacafHUM 3uLOBU-
ma of Jlypucon v 6eToHCKMX 6rokoBa be3 Tepmonsona-
umje. Tepmorpam npukasyje NpuMeTHe ryouTke Tonnote
HAPOUMTO Y 30Hama XOPW3OHTAIHUX apMUPaHO OeToH-
CKMX CEpKaxa ¥ Ha CrojeBriMa nojefnHauyHux 6noko-
Ba anu 1 AobuTKe of CONMapHOr 3payerba (nesa daca-
fa nocnefroer cnparta).PacagHa cTonapwja je y fnolem
CTarby WTO PE3yNTMPa U3PasnTUM TOMIOTHUM ryOuLMMa.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]
246

A residential building with massive fagcade walls built
of Durisol and concrete blocks without thermal insula-
tion. The thermal image shows noticeable heat loss,
particularly at horizontal reinforced concrete ring beams
and at the connections between particular blocks; there
is also solar heat gain (top floor on the left). Facade fenes-
tration has deteriorated, resulting in intense heat loss.

Energy class of building - existing state

QH’n s [kWh/(m?a)]
172

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpeherbe 2 Improvement 2
Crnomalutby 31g 1 5 5 5 5 5 5
- £ 2 £ g 2 2
© ©) © @) © )
[oR o o
External Wall 1 ) 2 S 2 S 3
= e = 2 = e
(@] (@) (@]
Mantep 2cm, 6eToH 20cm, mantep 2cm mantep 2cm, 6eToH 20cm, ManTep 2cm, ManTep 2cm, 6eToH 20cm, Mantep 2cm,
plaster 2cm, reinforced concrete wall 20cm, — Tepmow3sonaumja 10cm, mMantep 1cm Tepmomsonauuja 20cm, mantep 1cm
plaster 2cm plaster 2cm, reinforced concrete wall 20cm,  plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 10cm, plaster  plaster 2cm, thermal insulation 20cm,
Tcm plaster Tcm
U (W/m?K) 3.31 0.31 0.18
Crosbalutbi 3ua 2 N 5 ke 5 ke 3
_ 2 £ 2 g £ 2
© (@] © @) @ O
[oR [oR [oR
External Wall 2 S 3 S 3 S 8
z s 2 s 3 5
(@] V) (@]
manTep 2cm, Jypucosn 6nok 20cm, Mantep 2cm - mantep 2cm, Jypucos 6nok 20cm, mantep mantep 2cm, [ypucon 6nok 20cm, mantep
plaster 2cm, light weight concrete block 2cm, Tepmomsonauuja 10cm, mantep 1cm 2cm, Tepmomsonauuja 20cm, mantep 1cm
Durisol 20cm, plaster 2cm plaster 2cm, light weight concrete block plaster 2cm, light weight concrete block Durisol
Durisol 20cm, plaster 2cm, thermal insulation  20cm, plaster 2cm, thermal insulation 20cm,
10cm, plaster 1cm plaster Tcm
U (W/m?K) 0.69 0.23 0.15
31z Ka HerpejaHom b e b e b 3
c 1= c = c )
cTeneruwTy 1 - 3 - 3 - 3
Q p Q © Q
_ S S S 3
= 2 = R 8
Partition Wall > 5 = 5 = 5
to Unheated Staircase 1
mantep 2cm, 6etoH 20cm, mantep 2cm HEMA NU3MEHA ManTep 2cm, 6etoH 20cm, MasnTep 2cm, TepMo-
plaster 2cm, reinforced concrete wall 20cm,  NO CHANGES 130maumja 5cm, rMncKapToHcke nnode 1.25cm
plaster 2cm plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 5cm, gypsum
board 1.25cm
U (W/mZK) 2.55 2.55 0.52
31 ka HerpejaHom b e © b b 3
cTenenmuTy 2 = E = 3 - :
aQ P Q p Q
_ = = = <
e 5 2 5 Ea g
Partition Wall ~ 5 - 5 ~ E
to Unheated Staircase 2 mantep 2cm, Jypucosn 6nok 20cm, mantep 2cm - HEMA M3MEHA mantep 2cm, [Jypucon 6nok 20cm, mantep
plaster 2cm, light weight concrete block NO CHANGES 2cm, TepMom3onaumja 5 cm, rmnckapToHCKe
Durisol 20cm, plaster 2cm nnove 1.25cm
plaster 2cm, light weight concrete block
Durisol 20cm, plaster 2cm, thermal insulation
5cm, gypsum board 1.25cm
U (W/mZK) 0.65 0.65 033
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTpYyKUWja M3Haa
HerpejaHor npoctopa 1
Floor Construction

to Unheated Area 1

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUMja M3HaA
HerpejaHor NpocTopa
(nogpym) 2

Floor Construction

to Unheated Area
(Basement) 2

U (W/m?K)

MehycnpaTHa
KOHCTPYKUMja ncnog
HerpejaHor NpocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, 4pBo 6eToH 3¢m, cUTHOPebpacTa

TasaHuua CTAHAAR, TpliyaHy nnadoH 5cm
parquet 2.2cm, wood cement screed 3cm,
ribbed concrete slab Standard 28cm, straw-
plaster ceiling 5cm

0.83

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, ApBO 6eTOH 3cm,

AB nnoua 25cm

parquet 2.2cm, wood cement screed 3cm,
reinforced concrete floor slab 25cm

1.30

YHanpeherbe 1 Improvement 1
YHyTpa Inside

-

Cnosba Outside

napkeT 2.2cm, ApBo 6eToH 3cm,
cuTHOpebpacTa TaBaHunua CTAHIAFL,
Tepmomsonauuja 10cm, mantep 1cm
parquet 2.2cm, wood cement screed 3cm,

ribbed concrete slab Standard 28cm, thermal

insulation 10cm, plaster 1cm

0.26

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, apBo 6etoH 3cm, AB nnova
25cm, Tepmomzonaymja 10cm, mantep 1cm
parquet 2.2cm, wood cement screed 3cm,

reinforced concrete floor slab 25cm, thermal

insulation 10cm, plaster Tcm

0.29

Cnospa Outside

YHyTpa Inside

6nato 5¢cm, cutHopebpacta CTAHAAR]
TaBaHMLa, TpLWYaHM nnadoH 5cm

rammed earth 5cm, ribbed concrete slab
Standard 28cm, straw-plaster ceiling 5cm

1.27

Cnosba Outside

YhyTpa Inside

LieMeHTHa KoLwysbuua 4cm, ME donuja,
Tepmom3onauuja 10cm, MNE dponuja,
cutHopebpacta CTAHJAR TaBaHuLa,
TpwyaHy nnapoH 5cm

cement screed 4cm, PE foil, thermal

insulation 10cm, PE foil, ribbed concrete slab

Standard 28cm, straw-plaster ceiling 5cm

0.31

YHanpehetbe 2 Improvement 2
YHyTpa Inside

T T

Cnosba Outside

napkeT 2.2cm, APBO 6eTOH 3cm,
cnTHopebpacTa TaBaHvua CTAHAAR,
Tepmownsonaymja 15cm, mantep 1cm
parquet 2.2cm, wood cement screed 3cm,

ribbed concrete slab Standard 28cm, thermal

insulation 15cm, plaster 1Tcm

0.19

YHyTpa Inside

Cnosba Outside

napket 2.2cm, ApBo 6eToH 3cm, AB nnova
25cm, Tepmowzonaymja 15cm, mantep Tcm
parquet 2.2cm, wood cement screed 3cm,

reinforced concrete floor slab 25cm, thermal

insulation 15cm, plaster 1Tcm

0.21

Cnosba Outside

YHyTpa Inside

LlemMeHTHa Kowysbuua 4cm, ME donuja,
Tepmomsonauwja 20cm, ME donuja,
cutHopebpacTa CTAHJAR] TaBaHu1La,
TpWwuaHu nnapoH 5cm

cement screed 4cm, PE foil, thermal

insulation 20cm, PE foil, ribbed concrete slab

Standard 28cm, straw-plaster ceiling 5cm

0.15
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

[Npo3opwu

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBeH, IBOCTPYKM Ca pa3MaKkHy TVIM
Kprimma (ycka KyTvja) 1 jeaHOCTpYKMM
CTaK/OM. YHyTpalltba NiaTHeHa poneTHa

Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas

YHanpeherbe 1 Improvement 1

-+
r

[lpBEHU Ca ABOCNOjHIM U3051aLMOHM

HICKOEMUCUOHUM CTaK/O-MakeTom
UCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

roller blind.
3.50 1.50 1.00
[HpseHa, aynnowneposaHa HEMA M3MEHA MeTanHa, Kprno ca TepmMon301aUioHOM
- - NCMYHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuuherba
cvcTema rpejarba

Heating system
efficiency factor

208

MNojeanHauHe nehu Ha cTpyjy

Single electric stove

"

LleHTpanHwm cuctem rpejarba,
HUCKOTEMMePaTYPHM KOTA0 Ha 3eMHM rac
(BapujaHTa - KOTao Ha Apso/nenet)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
or logs)

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHM KOTA0 Ha 3eMHM rac
(BapujaHTa - KOTaO Ha ApBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)
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Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boge

Hot water system

EnekTpuunu 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cuctem npunpeme
TOMMEe CaHWUTapHe BOAE NOBE3aH Ca
CUCTEMOM rpejarba

Central supply with a domestic

hot water — DHW cylinder in
combination with a heat generator

YHanpeherbe 2 Improvement 2

1,

71

i

LleHTpanHy cuctem nprnpeme
TOM/Ee CaHUTapHe Bofe NoBe3aH
Ca CUCTEMOM rpejarba 1 CUCTeMOM
CONapHYX KonekTopa

Central supply with a domestic
hot water - DHW cylinder in

combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130noBatbe dacafHUX 310Ba KOHTAKTHOM TEPMOM30NaLMOHOM Gacafom. V13010Barbe XOPU3OHTANHUX KOHCTPYKLMja Mpema HerpejaHom
XOfHWUKY, MOAPYMY W TaBaHy. Yrpaarba HOBVX [PBEHVX MpO30pa Ca [BOCIOJHWM W30MaLUMOHMM HUCKOEMUCUOHMM CTakNoO-NakeToM.
®  IHCTanaumja LUeHTpanHor cucTema rpejakba W npunpeme Tomnie CaHUTapHe BOAe Ca HWUCKOTEMMNEPATYPHMM KOTIIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEM rpejatba Ca M30/10BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKVM/TeMNEPaTyPHIM Perynatoprma.

Thermal insulation of facade walls with a contact fagade system. Insulation of floor constructions to the unheated hallway, basement, and
attic. Installation of new wooden windows with double-glazed low-emissivity glass unit. @ Central heating and domestic hot water supply
with a low temperature gas boiler. Low temperature heating system with insulated pipes and time and temperature programmable control
unit.

V13onoBarbe pacagHyx 3140Ba KOHTAKTHOM TEPMOWM301aLMOHOM dacafiom. VI30/108arbe yHyTpallkbyiX 3M40Ba MPemMa HerpejaHoM NpoCTopy
(XOAHWK/CTENeHMWTE). M30110Barbe XOPU3OHTANHIX KOHCTPYKLM]a Npema HerpejaHoM XOAHVIKY, MOAPYMY ¥ TaBaHy. Yrpadka HOBKX Npo3opa
oa MNBLL npodura ca TpOCIOjHVM N30MALUMOHNM HUCKOEMUCUOHWM CTaKIO-MakeToM. Yrpadba HOBKX METalHUX TePMOV30/10BaHMX BpaTa.
® VlHCTanauuja LeHTpanHor cMcTeMa rpejarba 1 npunpeme Tonse CaH1TapHe BOAE Ca KOHASH3aLMOHUM KOT/IOM Ha 3eMHM rac. VIHCTanaumja
LONYHCKOT CUCTeMa CONApPHX KOMEKTOPa 3a MOAPLLKY Y MPUNpemy TOMse CaHUTapHe BOAE.

Thermal insulation of fagade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation
of floor constructions to the unheated hallway, basement, and attic. Installation of new PVC windows with triple-glazed low-emissivity glass
unit. Installation of new, thermally insulated, metal doors. @ Central heating and domestic hot water supply with a condensing gas boiler.
Additional solar thermal system for DHW heating.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TornnotHw ryouum 1600 1600 1600
enemMeHata TepMUYKor
OoMOTaya 3rpane 1400 1400 1400
Heat loss through the 1200 1200 1200
thermal envelope

1000 1000 1000
[W/K] I

800 I 800 800

600 I 600 600

400 400 400

200 H — 200 — 200

I I 1iis
1 2 3 4 5 6 12 3 4 5 6 12 3 4 5 6

1 - Cnosalutby 31, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom cTeneHnwTy, 5 — MebhycnpaTtHa KOHCTPyKUKja
Ka HerpejaHom TaBaHy, 6 — MehycnpaTtHa KOHCTPYKLMja U3HaA HerpejaHor Nnoapyma

1 - External wall, 2 = Windows and balcony doors, 3 — Entrance door, 4 —Wall to unheated staircase, 5 — Floor construction to unheated attic,
6 - Floor construction to unheated basement

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy 117 (68%)
demand per year b
[KWh/m?/ roguiitse]

e

135 (78%)

[kWh/m?/ year]

EHepreTcku paspeq

Energy class

®uHanHa eHepruja

Final ener
e e e A A I B

100%

o
o —
w
o

[KWh] 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)



1 - nepvop 1961 — 1970. D — period 1961 - 1970

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpehere 2 Improvement 2
EHepruja notpebHa 3a
rpejaroe
Heatingenergy e ][] [aoe3o
dee [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel EnexkTpruHa eHepruja lac lac
Electricity Gas Gas
MpviMapHa eHepruja 76446 44913
3 12% 7%
Primary energy
[KWh]
580021 611554
88% 93%
Emncmja CO,
[ A A Y A [ e O [ e O
[t] 0 50 100% 0 50 100% 0 50 100%

lNoTpouwmsa eHepruje

3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
N TEPMOTEXHUYKMX
mMepa

Energy consumption 750 20

after refurbishment
measures
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HauwvoHanHa Tvnonoruja ctambernx 3rpaga Cpbuje
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D4

CrambeHa 3rpada Tmna JiaMersa

National Typology of Residential Buildings in Serbia

CnnyHu 06jekTn

Similar buildings
Crrri
rrrj
] I
2+ A

Residential building — lamela

KaTeropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multy-family housing
[oavHa n3rpagHe 1961-1970 Year of construction 1961-1970

Bpoj eTaxa 5 (Mo+Mp+4) Number of floors 5 (B+Gf+4)

bpoj cTaHoBa 14 Number of apartments 14

MosplwnHa (M?) HeTo rpejaHa 950 Area (m?) Net heated 950

3anpemuHa (m?) HeTo rpejaHa 2500 Volume (m?3) Net heated 2500

CrambeHa namena wusayxeHe ¢opme, Ca PaBHUM
HenpoxoaHUM KpoBoM. MacafHu 3MA0BM Cy Off WYNbMX
6nokoBa, "mypucona”’ WM MOHT@KHKX —enemMeHara.
Hajuewha dacanHa obpana je nnemeHUTV mantep, pehe
MO3aViK nounLe, Kynnje, dacafiHa oneka 1 ap. MNpo3sopn
Ce jaB/bajy y BMAY NPO30PCKMX Tpaka 1nn Behnx nojeau-
HauHMx oTBOpA. Y dacafiHOj paBHW 3acTopw Cy "ecrnH-
rep” poNeTHe, a Ha NOBYUYEHUM ENeMEHTVIMA YHYTPaLLHE
nnatHeHe poneTHe. ogpym ce He KopuCTW 3a 6opa-
BaK, a Npv3em/be je CTaMOeHo, MOHEeKa[ Ca TepLmjanHim
AenaTHoCTVMA.

An elongated residential lamela building with a flat
roof. The facade walls were built of hollow blocks, Durisol
or precast elements. The most usual rendering was with
fine mortar while mosaic tiles, pebble dash, or facade
brick were less common. The windows are organized
in ribbons or large single openings. The shades on the
facade plane are Esslinger shutters while the recessed
elements have interior canvas rollers. The basement is
unoccupied; the ground floor is residential, with occa-
sional tertiary businesses.



[1- nepvop 1961 — 1970. D — period 1961 - 1970

CrambeHa namena ca TepMUYKM HEW30NOBAHOM
dacafom pasHOBPCHe MaTepujanusauuje: mantepuca-
Ha ¥ obnoxeHa NpedabprKoBaHVM apMUPaHO OeTOH-
CKMM NaHenMmMa y Hav3mMeHWYHoj CMeHM Ca Npo30oprMa.
Tepmorpam npuKasyje npuMeTHe ryouTke TonnoTe Hapo-
UMTO Y 30HaMa apMMPaHO BETOHCKINX CepKIaxa, HaTnpo-
30pHWX rpeaa, Ha MehycobHMM CnojeBMMa BETOHCKMX
naHena vy 30H1 KyTuja 3a poneTHe GacagHe ctonapuje.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel
227

(%]

A residential lamela building with uninsulated fagcade
walls of different materialization: it is rendered and clad
in prefabricated reinforced concrete panels alternat-
ing with windows. The thermal image shows noticeable
heat loss, particularly at reinforced concrete ring beams,
lintels, concrete panel connections, and roller shutter
boxes.

Energy class of building - existing state

Q,,, kWh/(m?a)]
159

<100

<150

<200
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

Cnorbawtbh 3mg 1

External Wall 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, rutep 610K 19cm, MOHTaXHM
6EeTOHCKM NapaneT 5cm, Mo3avik nnodmue 0,5cm
plaster 2cm, clay block wall 19cm,
prefabricated concrete panel 5cm, mosaic
tiles finishing 0.5cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

mManTep 2cm, rutep 610K 19cm, MOHTaXHM
6eToHCKM NapaneT 5cm, TepMounsonauvja
10cm, mantep 1cm, mo3aunk nnoyumue 0.5cm
plaster 2cm, clay block wall 19cm, prefabricated
concrete panel 5cm, thermal insulation 10cm,
plaster 1cm, mosaic tiles finishing 0.5cm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, rutep 610K 19cm, MOHTaXHM
6eToHCKM NapaneT 5cm, TepMounsonavvja
15cm, mantep 1cm, mo3aunk nnoyumue 0.5cm
plaster 2cm, clay block wall 19cm, prefabricated
concrete panel 5cm, thermal insulation 15cm,
plaster 1cm, mosaic tiles finishing 0.5cm

U (W/m?K) 1.74 0.31 0.22
(9] [} [} (9] [}
Cnoralhu 31a 2 je! he! he! ie, hel
z £ z £ z
- © o ‘© @) ©
o o
External Wall 2 £ 3 £ 3 S
I o I o I
> c > c >

() o

Mantep 2cm, rutep 610K 19cm, BewTaukm
KameH 5cm

plaster 2cm, clay block wall 19cm, marble
aggregate plaster 5cm

ManTep 2cm, rvtep 610K 19cm, BelTauky Ka-
MeH 5cm, Tepmom3onaumja 10cm, mantep 1Tcm
plaster 2cm, clay block wall 19cm, marble
aggregate plaster 5cm, thermal insulation
10cm, plaster 1cm

Cnorsba Outside

ManTep 2cm, rvtep 610K 19cm, BeLUTauky Ka-
MeH 5cm, Tepmom3onaumja 15cm, mantep 1cm
plaster 2cm, clay block wall 19cm, marble
aggregate plaster 5cm, thermal insulation
15cm, plaster Tcm

U (W/m2K) 161 0.28 0.20
31 Ka HerpejaHom b b he _Y o b _Y b

2 2 2 | 2 2 | 2
cTeneHmwTy = 3 - , 3 = ' 3

== © o © =] ©
N 2 5 ] 5 1 5
Partition Wall ~ 5 - 5 > 5
to Unheated Staircase  vanrep 2cm, 6etor 3ug 20cm, ManTep 2cm HEMA VI3MEHA HEMA VI3MEHA

plaster 2cm, reinforced concrete wall 15cm,  NO CHANGES NO CHANGES

plaster 2cm
U (W/m2) 255 255 255
31 Ka cyceaHoj o e b b b b=

. 2 4] 2 2 2 2

namenv (aunatauuja) - 3 - 3 - 3

o pe a pe a p
- : g% - 2
Wall to the adjacent > 5 ” 5 - S
Entrance (Dilatation) mantep 2cm, rutep 610k 19cm, Basgyx 5cm,  HEMA VI3MEHA manTep 2cm, rutep 610K 19cm,

ruTep 610K 19cm, mMantep 2cm NO CHANGES nrekTvpajyha Tepmounsonauuja 5cm, rutep

plaster 2cm, clay block wall 19cm, air gap 610K 19cm, Mantep 2cm

5cm, clay block wall 19cm, plaster 2cm plaster 2cm, clay block wall 19cm, injectable

thermal insulation 5cm, clay block wall 19cm,
plaster 2cm

U (W/mZK) 0.89 0.89 0.44




[1- nepvop 1961 — 1970. D — period 1961 - 1970

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Me‘r')ycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside
N O i
HerpejaHor npocTopa
(nonpym)
- . Cnorba Outside Cnosba Outside Cnosba Outside
Floor Construction
o Unheated Area napket 2.2cm, dbnop6uT 3cm, Ab nnova napket 2.2cm, dnopowut 3cm, AB nnova napket 2.2cm, dbnopbuT 3cm, Ab nnova
14cm, mantep 2cm 14cm, mantep 2cm, Tepmomrzonayumja 10cm, 14cm, mantep 2cm, TepMowrzonaymja 15cm,
(Basement) parquet 2.2cm, wood cement screed 3cm, mantep 1cm mantep Tcm
reinforced concrete slab 14cm, plaster 2cm parquet 2.2cm, wood cement screed 3cm, parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, plaster 2cm,  reinforced concrete slab 14cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm thermal insulation 15cm, plaster Tcm
U (W/m2) 135 0.29 021
Mebycrl paTtHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTpYyKUMja U3Haa -

OTBOPEHOT MPOCTOPaA

. e —— =]

Floor Construction =

to Outside Area
Cnosba Outside Cnorba Outside Cnosba Outside
napkert 2.2cm, dnopout 3cm, Ab nnova napkeT 2.2cm, bnop6ut 3cm, AB nnova 14cm, napkert 2,2cm, dnopout 3cm, Ab nnova
14cm, Basgyx 30cm, ApBEHV POWTUSb O Ba3ayx 30cm, APBEHN POLLTW/B Of J1eTaBa, 14cm, NOTKOHCTPYKLUMja CryLwTeHor niadoHa
neTaBa, TepMomn3onaLvja 3¢cm, Mantep Ha TepMom3onaumja 3cm, ManTep Ha pabuly 3cm,  /Basgyx 30cm, Tepmousonaunja 15cm, drbep
pabuiy 3cm Tepmowmsonaumja 10 cm, mantep 1.cm LieMeHTHe nnoye 2cm
parquet 2.2cm, wood cement screed 3cm, parquet 2.2cm, wood cement screed 3cm, parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, air gap 30cm,  reinforced concrete slab 14cm, air gap 30cm,  reinforced concrete slab 14cm, suspended
timber batten, counter batten, thermal timber batten, counter batten, thermal ceiling grid/air gap 30cm, thermal insulation
insulation 3cm, plaster on metal net 3cm insulation 3cm, plaster on metal net 3cm, 15cm, fiber cement board 2cm

thermal insulation 10cm, plaster Tcm

U (W/m?K) 087 025 021

PagaH KpOB Cnospa Outside Cnosba Outside Cnosba Outside

- e _—_————

Flat Roof
YHyTpa Inside YHyTpa Inside YHyTpa Inside
nMBeHw achant 3cm, xuapovsonauyja 1cm, LieMeHTHa KoLWysbuLa 4cm, xMaponsonaunja,  LeMeHTHa KoLy buLa 4cm, Xnaponsonaumja,
LIeMEHTHa KOLLY/biLia 2Cm, MpLLIaBm 6ETOH Tepmom3onaumja 15cm, Mpliasmu 6eToH 3a nag  Tepmomsonaumja 20cm, Mpluasyi 6eToH 3a naj
3a nag 5cm, Tepmomsonauuja 5cm, Ab mnova 5cm, Tepmonsonaumja 5¢cm, Ab nnova 14cm,  5¢m, Tepmowmzonaumja 5cm, Ab nnova 14cm,
14cm, mantep 2cm manTep 2cm Mantep 2cm
cast asphalt 3cm, hydro insulation Tcm, cement screed 4cm, hydro insulation, thermal cement screed 4cm, hydro insulation, thermal
cement screed 2cm, lean concrete laid to insulation 15cm, lean concrete laid to fall 5cm, — insulation 20cm, lean concrete laid to fall 5cm,
fall 5cm, thermal insulation 5¢cm, reinforced thermal insulation 5cm, reinforced concrete thermal insulation 5cm, reinforced concrete
concrete floor slab 14cm, plaster 2cm floor slab 14cm, plaster 2cm floor slab 14cm, plaster 2cm

U (W/m?K) 1.07 0.21 0.16
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBEHY, IBOCTPYKM Ca PasmMakHy TUM
Kpuivma (ycka KyTuja) 1 jeaHOCTPYKUM
CTak/oM. [ipBeHa ecsiuHeep poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

i ﬁ::
q | LLE
[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



[1- nepvop 1961 — 1970. D — period 1961 - 1970

CucTemu rpejama u npunpeme tonne Boge Heating and hot water system
MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

Cuctem npunpeme
Tonne Boae

Hot water system

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNULN.
Central supply with a domestic -
hot water connected to the Central supply with a domestic hot

heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpehetse 1 V13onoBarbe dacafHuxX 31[0Ba KOHTAKTHOM TePMOM30aLMoHOM Gacafom (amnvkaumja Kepamyykix Mo3auk naoyuua npema noctojehem
CTarby) . VI3onoBarbe xopr3oHTanHe KOHCTPYKUMje U3HaA HerpejaHor Noapyma. PeKoHCTpyKUMja CrojeBa paBHOr KPOBa Ca MocTaBsbatbem
Croja AOAATHE TepMUUKe 3alTuTe. Yrpafkba HOBUX [PBEHMX NMPO30Pa Ca [BOCOJHMM M30NaLUMOHNUM HUCKOEMUCUOHMM CTaKMO-MaKeToOM.

Improvement 1 ® VYrpafrba TEPMOCTATCKMX BEHTWIA MO CTaHOBMMa. MoaepHv3aumja NOACTaHNUE YrpaaboM CrcTeMa 3a peryauujy npotoka npema
CMOJBHOj TEMMEPATYPU 1 MePErbEM NCMOPYUeHe eHepriije. HamnnaTa npema noTpoLLbM MepeHoj Y MOACTaHWLW. Yrpaatba LeHTPanHor crcTema
npunpeme Tornse BOAE NOBE3aHOr Ca CUCTEMOM rpejarba.

Thermal insulation of facade walls with a contact facade system (application of ceramic tile cladding according to the current condition).
Insulation of the floor construction above the unheated basement. Reconstruction of flat roof layers with installation of additional thermal
protection. Installation of new wooden windows with double-glazed low-emissivity glass unit. ~ ® Installation of termostatic valves in
apartments. Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered
energy measurement. Consumption based billing measured in the substation. Installation of the central system for the hot water preparation
connected to the heating system.

Ynanpehetbe 2 V30n0Barbe GacaaHyix 3110Ba KOHTAKTHOM TePMOM30MaLMOHOM GacaoM (annvKaumja KepamMuuKkiX MO3anK niounua npema noctojehem
CTakby). V30M0Batbe 31110Ba Ka CyceaHoj namen ybpusrasarbem Tepmonsonalmje y Mehynpoctop annataumje. V130noBarbe XOpr3oHTanHe
KOHCTPYKLMje M3Haj HerpejaHor nompyma. PEKOHCTPYKUMja CojeBa PaBHOM KPOBa Ca MOCTaB/barbeM C/loja [JOAaTHE TEPMUUKE 3aluTiTe.

Improvement 2 Yrpaarba HoBYix npo3sopa o MBLl npodwuna ca TPOCNOjHAM 130MaLMOHIM HACKOEMUCUOHIM CTAKMO-MAKETOM. Yrpajitba HOBUX METANHNX
TEPMOW30M0BaHNX BpaTa. ®  Yrpadrba TePMOCTATCKVX BEHTWNa Mo CTaHoBMMa. MopepHusalmja NoACTaHNUE YrpadroM cucTema 3a
perynatjy npoToka nNpema CrofbHoj TemnepaTypy 1 Meperbem UCNopyueHe eHepruje. Yrparba MNymne ca MpOMeH/bUBMM NPOTOKOM U
OYMTaBarbeM NOTPOLLHbe eHeprije. Hannata npema NoTpoLkbY MepeHoj y MoACTaHMLM. Yrpajitba LIeHTPaHOT CCTeMa Nprnpeme Tomnne Bofe
MOBE3aHOT Ca CYCTeMOM rpejarba, Ca JOMyHCKM CUCTEMOM COMlapHYIX KOMeKTopa 3a NOAPLLIKY Y MPHApeMy Tone CaHuTapHe Bofe.

Thermal insulation of facade walls with a contact fagade system (application of ceramic tile cladding according to the current condition).
Insulation of walls to the adjacent lamela by injecting thermal insulation into the dilatation cavity. Insulation of the floor construction above
the unheated basement. Reconstruction of flat roof layers with installation of additional thermal protection. Installation of new PVC windows
with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. @ Installation of termostatic valves in
apartments. Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered
energy measurement. Installation of the pump with variable flow and reading of the energy consumption. Consumption based billing
measured in the substation. Installation of the central system for the hot water preparation connected to the heating system, with additional
solar thermal system to support preparation.
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YHanpeherbe TepMuyKor omotaya — eHepretckn 6unanc * Thermal envelope improvement — energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHu ry6uum 1000 1000 1000
enemeHaTa TepMUYKOr ||
OMOTaya 3rpage 900 I 900 900
- 800 800 800
Heat loss through the
thermal envelope /00 I /00 /00
600 600 600
[W/K] I
500 i I 500 500
400 I I 400 i 400
300 I I 300 I 300
200. I i u 200 I i 200 i
100 I 100 100
1.2 3 4 5 6 7 8 1.2 3 4 5 6 7 8 12 3 4 5 6 7 8

1 — Cnospalurs 31g, 2 — Mpo3opu 1 6ankoHcka BpaTa, 3 — YnasHa Bpata, 4 — 31/ Ka HerpejaHom CTeneHunLUTy, 5 — 31 Ka CyceHoj namenv/avnarauyja,
6 — MehycnpaTHa KOHCTPYKLMja 3Haz HerpejaHor nofpyma, 7 — MehycnpaTHa KOHCTPYKUMja U3HaZ OTBOPEHOT NpocTopa 8 — PaBaH KpoB

1 — External wall, 2 —Windows and balcony doors, 3 — Entrance door, 4 - Wall to unheated staircase, 5 — Dilatation wall,
6 — Floor construction to unheated basement, 7 — Floor construction to outside area, 8 - Flat roof
CneunduruHa rogniirba
notpebHa eHepruja 3a
rpejarce
Specific Heating Energy
demand per year

82 (52%) 111 (70%)

[kKWh/m?/ roguiitrse]
[kWh/m?/ year]

EHepreTcki paspes

Energy class

®uHanHa eHepruja

Final energy [ s ] [ 7 ] [Costes |

e (e [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

npema MpasuHKKy 0 eHepreTckoj epukacHocTh 3rpaga (“Cn.rnachmk PC’, 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cr.rnacHuk PC’, 6p.61/2011)



[l - nepuog 1961 — 1970. D - period 1961 - 1970

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe 1 Improvement 1 YHanpehere 2 Improvement 2
EHeprunja notpebHa 3a
rpejarce
Heating ener [ wms ] [ 7eser | [47340]
demangd 2 [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
170076 226465
55% 73%
[ T

Emncmja CO,

CO, emission

| [ O B B
[t] 0 50 100% 100% 0 50 100%

lNoTpouwmsa eHepruje

3a rpejarbe HakoH

npumeHe rpaheBMHCKIX

1 TEPMOTEXHUYKIX

mMepa

Energy consumption S
after refurbishment

measures

73%
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CrambeHa 3rpafa y oKBupy

CnnyHm 06jekTn

Similar buildings
oooo
q 0000 1>s0%
.~ oooo
1
2 A

Residential building in a row

rpagckor 6noka

KaTeropuja BMLLENMOPOANYHO CTaHOBare — Category multifamily housing
[oavHa n3rpagHe 1961-1970 Year of construction 1961-1970

Bpoj eTaxa 6 (Mo+Mp+5) Number of floors 6 (B+Gf+5)

bpoj cTaHoBa 15-20 Number of apartments 15-20

MospunHa (M?) HeTo rpejaHa  1000-1300 Area (m?) Net heated 1000-1300
3anpemuHa (m?) HeTo rpejaHa 2500-3500 Volume (m?) Net heated 2500-3500

CrambeHa 4eTBOPOCMPATHMLA KOMMAKTHE OCHO-
Be, Ca MOBYYEHOM KPOBHOM eTaxkom. DacafiHv 3vaoBK
CYy MacVBHM, 3vAaHM NyHOM OMekoM Yy AebsbrHama 25 1
38cm, obpaheHn dacagHum mantepom. QacagHn OTBO-
pu cy HewTo Behwx AMMEH3Mja, @ NPO30pPK Cy ABOCTPY-
KV, APBEHM Ca Pa3MakHyTUM Kpunvma (ycka KyTuja). Y
dacafHoj paBHM 3acTopn Cy "ecnnHrep” poneTHe, a Ha
MOBYYEHMM eNeMeHTMa YHYTpalHe NaaTHeHe poneT-
He. Mofapym ce He KOPUCTU 3a BopaBsak, a Npu3emsbe je
CTambeHO, NOHeKaA ca TepuMjanHuM AenaTHOCTUMA.

Afour-storey residential building with a compact floor
plan and a recessed roof floor. The massive fagade walls
were built of solid 25 cm and 38 cm brick and rendered.
Window-to-wall ratio is relatively high; the windows are
wooden double-framed wide sashes in narrow casing.
The shades on the facade plane are Esslinger shutters
while the recessed elements have interior canvas rollers.
The basement is unoccupied; the ground floor is resi-
dential, sometimes with tertiary businesses.



CrambeHa 3rpafla ca MacMBHUM dacaaHUM 3UO0BW-
Ma ofi oneke 6e3 Tepmom3sonauvje. Tepmorpam npukas-
yje NpUMeTHe rybuTKe TonnoTe Kpo3 dacafgHu 31a Hapo-
UMTO Y 30HAaMa XOPM3OHTANHWX APMMPAHO GETOHCKMX
CepKnaxa, HaTNPO30PHUX TPeaa U Ha MecTMa KOH300-
HO MpenyLTeHnx Tepaca. OpuriHanHa dacagHa cTona-
pvija ca 1M3pasnTimM rybuyimMa Ha CrojeBimMa OKBMpa 1y
30HM KyTuja 33 poneTHe.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel
270

(%]

1 - nepvop 1961 — 1970. D — period 1961 - 1970

A residential building with massive fagade brick walls
without thermal insulation. The thermal image reveals
noticeable heat loss through facade walls, particularly
at horizontal reinforced concrete ring beams, lintels and
cantilevered terraces. The original facade fenestration
reveals intense heat losses at frame connections and roll-
er shutter boxes.

Energy class of building — existing state

Q,,, kWh/(m?a)]
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

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

External Wall 2

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 38cm, Mantep 2cm
plaster 2cm, brick wall 38cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 38cm, mantep 2cm,
Tepmousonauuja 10cm, mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 38cm, mantep 2cm,
Tepmomsonauuja 15cm, mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 15cm, plaster Tcm

1.26 0.29 0.21
(9] [} [} (9] [}
b Z & 7 &
2 2 2 2 2
8 S B g &
I I I
B 5 B 5 B
= e = e =
S ]

Cnorsba Outside

ManTep 2cm, rmrep oneka 25cm, mantep 2cm,
Tepmowsonaumja 15cm, mantep 1cm

plaster 2cm, hollow brick wall 25cm, plaster
2cm, thermal insulation 15cm, plaster 1cm

ManTep 2cm, ruTep oneka 25cm, ManTep 2cm ManTep 2cm, rmrep oneka 25cm, mantep 2cm,
plaster 2cm, hollow brick wall 25cm, plaster 2cm  Tepmomsonauwja 10cm, mantep 1cm
plaster 2cm, hollow brick wall 25cm, plaster
2cm, thermal insulation 10cm, plaster Tcm

U (W/m?K) 1.67 0.31 0.22
31z Ka HerpejaHom e e b b= b i e
c = c = c B =
CTeneHnLTy - 3 = 3 = i 3
2 3 2 3 2 g 3
R 3 s 2 sz 5
Partition Wall > 5 - 5 = : S
to Unheated Staircase ManTep 2cm, oneka 38cm, Mantep 2cm HEMA VI3MEHA ManTep 2cm, oneka 38cm, Mantep 2cm,
plaster 2cm, brick wall 38cm, plaster 2cm NO CHANGES Tepmou3onauuja 5cm, rMncKapToHCKe naove
1.25cm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 5cm, gypsum board 1.25cm
U (W/m?K) 113 113 041
31 Ka cyceaHoMm b 3 3 g 3 g
I Ike Eyasn Z 2 2 B G 2 2
; 2 2 2 2 -2 2
objeKkTy = 3 = B0 3 ® 3
- = ER ER 2
>
. T S T ([ 3 E3 5
Wall to the Adjacent > 5 > 5 > S
Building ManTep 2cm, oneka 25cm HEMA M3MEHA TUNC KapTOHCKe mnode 1.25¢m, Tepmon3sona-
plaster 2cm, brick wall 25cm NO CHANGES Lpja 5cm, ManTep 2cm, oneka 25cm
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25cm
U (W/m?K) 1.63 1.63 048
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Me‘r')ycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside
KOHCTpYyKUWja M3Haa
HerpejaHor npocTopa
(noapym)

28 28 s

- Cnorpa Outside Cnosa Outside Cnorpa Outside

Floor Construction napkeT 2.2cm, NoAora oA ApBo 6eToHa napkeT 2.2cm, NoAora of ApBo 6etoHa napkeT 2.2cm, NoAora oA ApBo 6eToHa

to Unheated Area 2.5cm, TM3 TaBaHumua 20cm, mantep 2cm 2.5cm, TM3 taBaHumua 20cm, mantep 2cm, 2.5cm, TM3 TaBaHumua 20cm, mantep 2cm,
parquet 2.2cm, wood cement screed 2.5cm,  Tepmow3sonaumja 10cm, mantep 1cm Tepmowm3onaumja 15cm, mantep Tcm

(Basement) TM3 slab with hollow clay block 20cm, parquet 2.2cm, wood cement screed 2.5cm,  parquet 2.2cm, wood cement screed 2.5cm,
plaster 2cm TM3 slab with hollow clay block 20cm, plaster  TM3 slab with hollow clay block 20cm, plaster

2cm, thermal insulation 10cm, plaster 1cm 2cm, thermal insulation 15cm, plaster Tcm
U (W/m2K) 123 0.29 021
Me’F)ycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

28 28 s

KOHCTPYKUWja 13Haa
OTBOPEHOr NPOCTOpa

Floor Construction Cnosba Outside Cnorba Outside Cnosba Outside

to Outside Area napkeT 2.2cm, Noanora o ApBo 6eToHa MapKeT 2.2cm, noasora of pBo beToHa napkeT 2.2cm, Noanora of ApBo 6eToHa
2.5cm, TM3 TaBaHumua 20cm, mantep 2cm 2.5cm, TM3 TaBaHumua 20cm, mantep 2cm, 2.5cm, TM3 TaBaHuua 20cm, mantep
parquet 2.2cm, wood cement screed 2.5cm,  Tepmow3sonauuja 12 cm, mantep 1.cm 2cm,Tepmowsonaumja 15 cm, mantep 1 cm
TM3 slab with hollow clay block 20cm, parquet 2.2cm, wood cement screed 2.5cm,  parquet 2.2cm, wood cement screed 2.5cm,
plaster 2cm TM3 slab with hollow clay block 20cm, plaster  TM3 slab with hollow clay block 20cm, plaster

2cm, thermal insulation 12cm, plaster 1cm 2cm, thermal insulation 15cm, plaster Tcm
U (W/m?K) 1.47 0.26 0.22
PaBaH KpoB Cnorba Outside Cnosa Outside Cnorba Outside
=]
- |
Flat Roof = |
YHyTpa Inside YHyTpa Inside

BUTYMEHM3VPAHN LLUSBYHaK 2CM, XUAPOU3. XWApov30naLmja, LeMeHTHa Kowybiua XVOPOV30NaLmja, LeMEHTHa KOoLWybiLa
2Cm, Liem. Kolysbuua 2cm, Tepmounsonaumnja — 3-5cm, Tepmomsonaumja 20cm, napHa 6paHa, — 3-5cm, Tepmousonauuja 25cm, napHa bpaHa,
5cm, napHa 6paHa, Naku 6eTOH 3a Nag MVH. TM3 TaBaHuua 20cm, mantep 2cm TM3 TaBanuua, 20cm, mantep 2cm
5cm, TM3 TaBaHwuua 20cm, mantep 2cm hydro insulation, cement screed 3-5cm, hydro insulation, cement screed 3-5cm,
bituminised gravel 2cm, hydro insulation thermal insulation 20cm, vapour barrier, TM3  thermal insulation 25cm, vapour barrier, TM3
2cm, cement screed 2cm, thermal insulation  slab with hollow clay block 20cm, plaster 2cm  slab with hollow clay block 20cm, plaster 2cm
5cm, vapour barrier, light weight concrete
laid to fall min. 5cm, TM3 slab with hollow
clay block 20cm, plaster 2cm

U (W/m?K) 0.85 0.18 0.14
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

[Npo3opwu

Windows

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBeH, IBOCTPYKM Ca Pa3MaKHY TVIM
Kpuimma (ycka KyTwuja) v jeAHOCTPYKIM

CTaKoOM. ECHUHZep M nnatHeHe poneTtHe

Wooden, double frame, double sash (narrow
box) with single glazing. External wooden

roller blind, internal canvas roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pseHa, aynnowneposaHa HEMA M3MEHA MeTanHa, Kprno ca TepmMon301aUrioHOM
- - NCMYHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba 1 Npunpeme Tomne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuuherba
cvcTema rpejarba

Heating system
efficiency factor

224
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T

-
QRIEEE

[armmHcKo rpejatbe Ha docrnHa roprsa

District heating system (fossil fuel)

[larbnHCKo rpejarbe Ha pocunHa roprsa.
TepmocTatckn BeHTUNN. MoaepHu3auwja
NOACTaHuLEe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHby
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo rpejarbe Ha GocrnHa roprisa.
TepmocTatckn BeHTUnn. MogepHusaumja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema CrnosbHoj TemMnepaTypu.
Hannata npema notpouwsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



[1- nepvop 1961 — 1970. D — period 1961 - 1970

CucTemu rpejama u npunpeme tonne Boge Heating and hot water system
MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

Cuctem npunpeme
Tonne Boae

Hot water system

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNULN.
Central supply with a domestic -
hot water connected to the Central supply with a domestic hot

heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1 130noBate dacafHMX 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM $acafiom. VI30n0Barbe XOPU3OHTANHMX KOHCTPYKLMja WU3HaZ OTBOPEHOT
nponasa 1 HerpejaHor nogpyma. PEKOHCTPYKLUMja ClojeBa PaBHOT KPOBa Ca MOCTaB/batkbem Cloja AOAATHE TEPMUYKE 3aliTuTe. YrpaAhba HOBMX
APBEHX NPO30pPa Ca ABOC/IOJHUM M30NaLMOHUM HYCKOEMVCUOHMM CTak/o-NakeTom. @  Yrpadka TEPMOCTATCKMX BEHTWNA MO CTaHOBUMA.

Improvement 1 MogepHu3aumja NoACTaHMLe yrpafibOoM CcTeMa 3a perynauujy NpoToKa Npema CrosbHOj TEMMEPaTypu 1 MEperbem UCMopyYeHe eHeprije.
Hannata npema NoTpoLWH K MePeHoj y NOACTaHWLM. Yrpafrba LEHTPaNHOr cucTema Npunpeme Torse Boge NoBe3aHor ca CUCTEMOM rpejarba.
Thermal insulation of fagade walls with a contact facade system. Insulation of floor constructions above the open corridor and the unheated
basement. Reconstruction of flat roof layers with installation of additional thermal protection. Installation of new wooden windows with
double-glazed low-emissivity glass unit. @ Installation of termostatic valves in apartments. Modernization of the substation by installing
controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption based billing measured
in the substation. Installation of the central system for the hot water preparation connected to the heating system.

YHanpeherse 2 /130n0Batbe dacaHmx 31A0Ba KOHTAKTHOM TepMOV30NnaLMoHOM Gacafom. V130n0Barbe yHyTpalbyiX 3140Ba NpemMa HerpejaHom npoctopy
(xoAHWK/CTeNernwWTe). 130M0Bakbe 3110Ba Ka CyCeAHM O0jeKTVMa Ca YHYTpallkbe CTPaHe. /13010BaHe XOPU30HTaNHNX KOHCTPYKLIMjA M3HaZ,
OTBOPEHOr Nponasa W HerpejaHor Noapyma. PEKOHCTPYKLMja CNojeBa PaBHOM KPOBa Ca NOCTaB/barbeM C/10ja AOAATHE TEPMUYKE 3aLLTUTE.

Improvement 2 Yrpaarba HoBKx npo3opa of MBLL npoduna ca TPOCOJHUM M30MALMOHUM HUCKOEMUCUOHUM CTaK/O-MaKkeToM. Yrpairba HOBYX METaHNX
TEPMOM30/1I0BaHNX BpaTa. ®  Yrpadrba TePMOCTATCKMX BEHTWIA MO CTaHOBMMA. MoaepHWM3aLmja NofCTaHWLe yrpafrom crucTeMa 3a
perynauwjy npoToka npema CnosbHOj TemnepaTypu U Meperbem UCNopyyeHe eHepruje. Yrpadkba Mnymne ca NpOMEHbUBUM MPOTOKOM 1
OuMTaBarbeM NOTpoLWtbe eHepryje. Hannara npema NoTpoLWH Y MePeHOj y NOACTaHULW. Yrpaarba LIeHTPanHor crcTema Nprnpeme Torie Boge
NOBE3aHOr Ca CUCTEMOM rpejatba, Ca JOMYHCKVM CUCTEMOM CONAapHYX KONEKTOPa 3a NOAPLUKY Y NpUnpemi Tomne CaHnTapHe Boge.
Thermal insulation of fagade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation
of walls to the adjacent buildings from the inside. Insulation of floor constructions above the open corridor and the unheated basement.
Reconstruction of flat roof layers with installation of additional thermal protection. Installation of new PVC windows with triple-glazed low-
emissivity glass unit. Installation of new, thermally insulated, metal doors. @ Installation of termostatic valves in apartments. Modernization
of the substation by installing controlling flow system in accordance to the outside temperature and delivered energy measurement.
Installation of the pump with variable flow and reading of the energy consumption. Consumption based billing measured in the substation.
Installation of the central system for the hot water preparation connected to the heating system, with additional solar thermal system to
support preparation.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 800 300 300
enemeHara TepM1YKor I
OoMOTaya 3rpage 700 I 700 700
Heat loss through the 600 600 600
thermal envelope
500 500 500
[W/K] I
400 I 400 400
300 I 300 300
200 I I 200 200
100 - 100 I - 100 B
1:k Nl 1lil La THIHTE
12 3 4 5 6 7 8 1 2 3 4 5 6 7 8 12 3 4 5 6 7 8

1 - Cnosalutby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom CTeneHnuTy, 5 — 3uj Ka CyceiHoM objekTy
6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpatHa KOHCTPyKUWja M3Hag OTBOPEHOr NpocTopa, 8 — PaBaH KpoB

1 - External wall, 2 = Windows and balcony doors, 3 - Entrance door, 4 —Wall to unheated staircase, 5 —Wall to the adjacent building,
6 — Floor construction to unheated basement, 7 - Floor construction to outside area, 8 - Flat roof
[kWh/m?/ year]

‘ 101 (53%)‘ 136 (72%) .
EHepreTcki paspes

- D | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ e ] [ e ] [eams ]
& e ot

[ T [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHeprunja notpebHa 3a

rpejarbe

Heating energy |_| e
demand 0 50 100%
[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropunea
District heating / fossil fuel

YHanpebhetbe 1 Improvement 1

[arsuHcko, docmnHa
ropuBa
District heating / fossil fuel

YHanpehere 2 Improvement 2

[amuHcko, ocunHa
ropvea
District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBMHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

226814
57%

50 100%

57%

298612
74%

74%
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CrambeHa 3rpafa Benvke
CNPaTHOCTU - CONUTEP

CnnyHu 06jekTn

Similar buildings
I
1 CLI T
1 A
1
2 A

High-rise residential building

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1961-1970 Year of construction 1961-1970

bpoj eTaxa 14 (Mo+Mp+13) Number of floors 14 (B+Gf+13)

bpoj ctaHoBa 55-60 Number of apartments 55-60

MoepuwyHa (M?) HeTo rpejaHa  3500-4000 Area (m?) Net heated 3500-4000
3anpemuHa (m?) HeTo rpejaHa 9000-10000 Volume (m?3) Net heated 9000-10000

CrambeHn conutep jeHOCTaBHE, KOMMAKTHE OCHO-
Be Ca PaBHWM KPOBOM ¥ MOBYYEHOM KPOBHOM E€TaXOM.
MacafHy 31M80BK MOTY OUTV MACUBHK, aPMUPAHOOETOH-
CKM, of "aypwcon” mnu Wrbako G0KOBA, MM NaK nake
MOHTaXHe "CceHaBuy” KoHCTpyKumje. GacagHn OTBOPU
Hajuewhe dopmmpajy npo3opcke Tpake. MMpo3opu cy
ABOCTPYKM AAPBEHM (YCKa KyTWja), MHULMJaNHO onpemsbe-
HV CaMO YHYTPaWHOM NAaTHEHOM PONETHOM. [prmMerbn-
BaHe Cy apMMpPaHOOETOHCKe TaBaHWLUE, NOMYMOHTaXHe
WAV NMBEHE Ha NWLYy MecTa. [ofpyM ce He KopUCTK 3a
6opaBak, a Npuemsbe je ctambeHo.

A residential high-rise tower with a simple compact
floor plan, a flat roof and a recessed roof floor. The facade
walls were either massive, built of reinforced concrete,
Durisol or breeze blocks, or light precast sandwich
constructions. The facade openings are mostly organ-
ized in ribbons. The windows are double-framed wood-
en sashes in narrow casing, originally only fitted with
internal canvas roller shades. The reinforced concrete
floor constructions are semi-prefabricated or cast in site.
The basement is unoccupied while the ground floor is
used for residence.



CrambeHn conutep ca NyHUM dacagHVM 3uO0BwW-
Ma o 6eToHa WKW Wbako 6nokoBa 6e3 Tepmonsona-
Lmje v Tpakama Nakux napaneTHVX 31aoBa v Npo3opa.
Tepmorpam npukasyje npumeTHe rybuTke TonnoTe Kpo3
6ouHe MacMBHE 3WO0BE HaPOUMTO Y 30HaMa CepKiaKa
1 Ha CrojeBMMa NapaneTHUX 31MaoBa 1 Npo3opa. MeTan-
Ha obnora napaneta ycneg BUCOKE pPednekCUBHOCTM
KapakTepuile ce HepeanHo HUCKMM TemnepaTypHM
ounTaBatbVIMA.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel
169
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[1- nepvop 1961 — 1970. D — period 1961 - 1970
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A residential high-rise tower with uninsulated full
facade concrete or breezeblock walls and alternating
ribbons of light parapet walls and windows. The ther-
mal image shows noticeable heat losses through later-
al massive walls, especially at ring beams and connec-
tions between parapet walls and windows. Due to high
reflectivity, the metal parapet cladding shows unrealisti-
cally low temperature readings.

Energy class of building — existing state
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

U (W/m?K)

Cnorballhsu 31a 2

External Wall 2

U (W/m?K)

Cnosballksn 3ua 3

External Wall 3

U (W/m?K)

3ua Ka HerpejaHom
CTEMEHULTY

Partition Wall

to Unheated Staircase

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

[} () [ [} (] % (9]

o he) o kel he) < )

2 2 2 2z 2 c 2

© 3 © 3 © 3

© © ©

= © == © = ©

2 5 z 5 z 5

= 2 = 2 = 2
(@] U @)

Mantep 1cm, Tepmovizonaduja 5¢cm, ManTtep 1 cm, TepMmomsonaumja 5cm, Ab3ug  mantep 1cm, Tepmowzonaumja 5cm, Ab 3na

AB 31g 14cm 14cm, Tepmomsonauwja 10cm, mantep 1cm 14cm, Tepmomsonauuja 15cm, mantep 1cm

plaster Tcm, thermal insulation 5¢cm, plaster 1cm, thermal insulation 5cm, reinforced  plaster 1cm, thermal insulation 5¢m, reinforced

reinforced concrete wall 14cm concrete wall 14cm, thermal insulation 10cm, concrete wall 14cm, thermal insulation 15cm,

plaster Tcm plaster Tcm

0.75 0.25 0.19
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> 2 > 2 > 2

= 2 = 2 = 2
(@] (@] @]

ManTep 2cm, Wbako 610K 25cm, Mantep 2cm
plaster 2cm, breeze block 25cm, plaster 2cm

Mantep 2cm, Wbako 610K 25cm, Mantep 2cm,
Tepmowsonaumja 10cm, mantep 1cm

plaster 2cm, breeze block 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

Mantep 2cm, Wbako 610K 25cm, Mantep 2cm,
Tepmowsonaumja 15cm, mantep 1cm

plaster 2cm, breeze block 25cm, plaster 2cm,
thermal insulation 15cm, plaster Tcm

157 0.31 0.22
(9] (9} (5} (9] (5}
° ° ° ° °
S S 3 S S
£ £ £ g £
g 5 & g &
= = =
: 2 2 2 2
= ° = e =
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neepuva 16mm, anymmHmnjymcka gonuja,
rpeawmue 5/10 Ha 60 cm ca UCNyHOM Of
Tepmon3onauuje, Tanacactv MM

particle board 16mm, aluminium foil,
batten 5/10 at 60cm distance, with thermal
insulation infill, corrugated metal sheeting

nBepua 16mm, anymmHujymcka Gonvija,
rpeanue 5/10 Ha 60cm ca UcnyHOM Of,
Tepmousonauuje, rpeaute 5/10 Ha 60cm
Ca 1cnyHoM ofj Tepmom3onaunje, prbep
LeMeHTHe niode 1.2cm

particle board 16mm, aluminium foil,
batten 5/10 at 60cm distance, with thermal
insulation infill, batten 5/10 at 60cm
distance, with thermal insulation infill, fibre
cement board 1.2cm

Cnosba Outside

nBepuua 16mm, anym1Hujymcka donvija,
rpeauue 5/10 Ha 60cm ca UcnyHom of
Tepmousonauuje, rpeaute 5/10 Ha 60 cm

Ca 1cnyHom ofj Tepmom3sonaunje, prbep
LeMeHTHe niode 1.2cm

particle board 16mm, aluminium foil, batten
5/10 at 60cm distance, with thermal insulation
infill, batten 5/10 at 60cm distance, with thermal
insulation infill, fibre cement board 1.2cm

0.40 0.20 0.20
[ [ [ [ [ (9]
S ° hel e, hel °
2 B 2 B 2 g
g S 8 S 8 S
s iy £ e s 2
= e = e = e
(@] (@) (@]
AB 3up 14cm HEMA N3MEHA AB 31 14cm, Tepmonsonaumja 5cm,
reinforced concrete wall 14cm NO CHANGES mantep 1cm
reinforced concrete wall 14cm, thermal
insulation 5cm, plaster 1cm
313 3.13 0.54




[1- nepvop 1961 — 1970. D — period 1961 - 1970

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

PaBaH kpos 1

MocTojehe cTarbe Present state
YHyTpa Inside

Cnosba Outside

napKeT 2cm, LieMeHTHa KOLysbuLa 3¢m,
HaTPOH Nanwup, TepMousonaumja 2cm, Ab
nnoya 14cm

parquet 2cm, cement screed 3cm, natron
paper, thermal insulation 2cm, reinforced
concrete slab 14cm

1.60

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside

MapKeT 2cm, LieMeHTHa KoLy biLa 3¢m, HaTPOH
nanup, Tepmomsonatuja 2cm, Ab nnova 14cm,

Tepmowmsonaumja 10cm, mantep 1cm
parquet 2cm, cement screed 3cm, natron
paper, thermal insulation 2cm, reinforced

concrete slab 14cm, thermal insulation 10cm,

plaster Tcm

0.30

Cnospa Outside

Cnosba Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

napKeT 2cm, LIeMeHTHa KOLLY/brLa 3CmM, HAaTPOH
nanup, Tepmousonaumja 2cm, Ab nnova 14cm,

Tepmovizonauuja 15¢cm, mantep 1cm
parquet 2cm, cement screed 3cm, natron
paper, thermal insulation 2cm, reinforced

concrete slab 14cm, thermal insulation 15cm,

plaster Tcm

0.22

Cnosba Outside

- e o
Flat Roof 1 SN NN
2 AN AL AW APAN

YHyTpa Inside YHyTpa Inside YHyTpa Inside
achanT 2cm, uemeHTHa Kowysbrua 3cm, LieMeHTHa KoLWysbuUa 4Cm, Xuapomr3onaumja,  LemMeHTHa KoLwysbuLa 4cm, Xuaporsonauuja,
xuapomsonaymja 1cm, 6eToH 3a nag 6¢cm, LieMeHTHa KowwysbuLa 3-5cm, TepMoun3ona- LieMeHTHa KoLy buMLa 3-5cm, TepmMonsona-
Tepmonsonaumja 5cm, AB nnoua 14cm upja 20cm, napHa 6paHa, Ab nnoya 14cm Umja 25cm, napHa 6paHa, Ab nnoua 14cm
asphalt 2cm, cement screed 3cm, hydro cement screed 3cm, hydro insulation, cement cement screed 3cm, hydro insulation, cement
insulation 1cm, concrete laid to fall 6¢cm, screed laid to fall 3-5cm, thermal insulation screed laid to fall 3-5cm, thermal insulation
thermal insulation 5cm, reinforced concrete  20cm, vapour barrier, reinforced concrete slab 25cm, vapour barrier, reinforced concrete slab
slab 14cm 14cm 14cm

U (W/m2K) 0.70 0.18 0.13

Cnosba Outside Cnorba Outside Cnosba Outside

PaBaH KpoB 2

lat Roof 2 OONANY.
YHyTpa Inside YHyTpa Inside YHyTpa Inside
acdant 2cm, LemMeHTHa Kolwysbita 3¢m, LieMeHTHa KoLysbULa 4Cm, XvMaporsonaluja,  LemMeHTHa Kowyrbyilia 4cm, Xuapoursonauwja,
xuapomsonaymja 1cm, 6eToH 3a nag 6¢cm, LieMeHTHa KoLy bMLa 3-5cm, TepMoM3oaLmja  LieMeHTHa KOLLysbrLia 3-5¢m, TepmMonsonaLvja
Tepmom3onaumja 5cm, cutHopebpacTa 20cm, napHa bpaHa, crTHopebpacTa TagaHMua  25cm, NapHa 6paHa, CUTHOpPebpacTa TaBaHLa
TaBaHwuUa 25cm, TpwyaHn naadpoH 5cm 25cm, TpLdaHy nnadoH 5cm 25cm, TpwyaHn nnadoH 5cm
asphalt 2cm, cement screed 3cm, hydro cement screed 4cm, hydro insulation, cement  cement screed 4cm, hydro insulation, cement
insulation 1cm, concrete laid to fall 6cm, screed laid to fall 3-5cm, thermal insulation screed laid to fall 3-5cm, thermal insulation
thermal insulation 5cm, ribbed reinforced 20cm, vapour barrier, ribbed reinforced 25cm, vapour barrier, ribbed reinforced
concrete slab 25cm, straw-plaster ceiling 5cm  concrete slab 25cm, straw-plaster ceiling 5cm concrete slab 25cm, straw-plaster ceiling 5cm
U (W/m?K) 043 0.16 0.15
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[lpBEHY, IBOCTPYKM Ca PasmMakHy TUM
Kpuimma (ycka KyTwuja) v jeAHOCTPYKIM
CTaK/MOM. YHyTpalltba NnaTtHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pseHa, aynnowneposaHa HEMA M3MEHA MeTanHa, Kprno ca TepmMon301aUrioHOM
- - NCMYHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.50 3.50 1.50

Cuctemu rpejarba 1 Npunpeme Tomne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

apr
T

-
QRIEEE

[armmHcKo rpejatbe Ha docrnHa roprsa

District heating system (fossil fuel)

[larbnHCKo rpejarbe Ha pocunHa roprsa.
TepmocTatckn BeHTUNN. MoaepHu3auwja
NOACTaHuLEe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHby
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo rpejarbe Ha GocrnHa roprisa.
TepmocTatckn BeHTUnn. MogepHusaumja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema CrnosbHoj TemMnepaTypu.
Hannata npema notpouwsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



[1- nepvop 1961 — 1970. D — period 1961 - 1970

CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system
MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

Cuctem npunpeme
Tonne Boae

Hot water system

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNULN.
Central supply with a domestic -
hot water connected to the Central supply with a domestic hot

heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHaHpeT)el-be 1 130noBatse dacagHnx 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM $acafloM v TEPMOK30MaLIMjOM Ca NIakoM 3aBpLHOM 0borom. M3onosarse
XOPW3OHTa/HE KOHCTPYKLMje M3HaA HerpejaHor Noapyma. PEKOHCTPYKLMja CNojeBa PaBHOT KPOBa Ca MOCTaB/batkbem C10ja JOAATHE TepMUUKe
3awTnTe. Yrpaatba HOBUX APBEHUX MPO30pa Ca ABOCIOJHUM M30MaLMOHUM HACKOEMUCUOHUM CTakNno-NakeTom. ® Yrpaatba TepMOCTaTCKMX

Improvement 1 BEHTUNA MO CTaHOBMMa. MozepHY3aLvja NOACTaHULE YrPadrOoM CUCTeMa 3a perynaliujy MpoToKa npema CrosbHOj TEMNepaTypu 1 Meperem
1cnopyyeHe eHepruje. Hannata npema NOTPOLWHM MePeHOj y NOACTaHULW. Yrpaatba LeHTPanHOr cucTeMa Npunpeme Tonse Boje NoBesaHor
Ca CUCTeMOM rpejarba.

Thermal insulation of facade walls with a contact facade system and lightweight cladding panels. Insulation of the floor construction above
the unheated basement. Reconstruction of flat roof layers with installation of additional thermal protection. Installation of new wooden
windows with double-glazed low-emissivity glass unit. ® Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption based
billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system.

Yranpehetbe 2 Vi30n0Barbe GacaHUX 310Ba KOHTAKTHOM TEPMOM30MALMOHOM $acafoM 1 TePMOM30MaLIMjOM Ca TakoM 3aBPLIHOM 060roM. M3onosarse
YHYTPaLWMUX 310Ba NMPeMa HerpejaHoM NpOoCTopy (XOAHUK/CTeneHuwWwTe). VI30M10Barbe XOPU3OHTaNHe KOHCTPYKUMjE M3Ha[ HerpejaHor
noapyma. PekoHCTpyKLWja CnojeBa paBHOr KPOBa Ca MocTaB/batbeM Croja JoAaTHE TepMUUKe 3alTuTe. Yrpaaka HoBMx npo3opa of [MBL

Improvement 2 npoduna ca TPOCAOJHIM W30MALMOHVM HUCKOEMVCVOHMM CTakMo-NakeToMm. Yrpadrba HOBMX MeTanHUX TepMOM3ON0BaHUX Bpata. @
Yrpagtba TePMOCTATCKMX BEHTWNA MO CTaHOBMMa. MoaepH3aLmja NoCTaHLe Yrpaarom cucTema 3a perynalyjy npoToKa npema CrosbHoj
TeMMepaTypu 1 MeperbeM UCropyyeHe eHepriije. Yrpagrba MyMne ca NPOMEHbUBIM NPOTOKOM 1 OuMTaBarbeM NOTPOLMe eHepryije.
HannaTa npema noTpoLubi MepeHoj y NOACTaHMLM. Yrpa/rba LIeHTPanHor cicTema npunpeme Tome Bofe NOBe3aHor Ca CUCTeMOM rpejatba,
Ca [IONyHCKMM COMapHIM CYCTEMOM 3a NOAPWKY Y MPUMPemMm TOMfe CaHUTapHe Boge.

Thermal insulation of fagade walls with a contact fagade system and lightweight cladding. Insulation of interior walls to unheated areas
(hallway/stairway). Insulation of the floor construction above the unheated basement. Reconstruction of flat roof layers with installation of
additional thermal protection. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally
insulated, metal doors. ® |nstallation of termostatic valves in apartments. Modernization of the substation by installing controlling
flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump with variable flow and
reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central system for the hot
water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpeherbe TepMuyKor omotaya — eHepretckn 6unanc * Thermal envelope improvement — energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHM rybuim 4000 4000 4000
enemeHara TepM1YKor I
OMOTaya 3rpage 3500 I 3500 3500
Heat loss through the 3000 3000 3000
thermal envelope
2500 2500 2500
[W/K] I
2000 I I 2000 I 2000
1500 I I 1500 i I 1500
1oooI I I 1000 I I 1000 i
500 500 500
I I | I | I I [ I | I I -
12 3 4 5 6 1.2 3 4 5 6 1.2 3 4 5 6

1 — Cnosalltby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom cTenerniuTy, 5 — MehycnpaTHa KOHCTpyKLUmja
M3Haf, HerpejaHor noapyma, 6 — PaBaH kpos

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Floor construction to unheated
basement, 6 — Flat roof

‘ 56 (47%) 88 (75%)

Final energy I

e (e
[KWh] 0 50 100% 0 50 100%

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[kKWh/m?/ roguiitrse]
[kWh/m?/ year]

EHepreTcki paspes

U

Energy class

®uHanHa eHepruja

[ .
100%

* npema NpaBunHUKY 0 eHepreTckoj edrkacHocTH 3rpaaa (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnacHvik PC’, 6p.61/2011)
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[l - nepuog 1961 — 1970. D - period 1961 - 1970

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe 1 Improvement 1 YHanpehere 2 Improvement 2
EHeprunja notpebHa 3a
rpejarce
Heatingenery | Arera | [saesn [T Jrosror
T [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
431267 657670
50% 77%
[ T

Emncmja CO,

CO, emission

| [ O B B
[t] 0 50 100% 100% 0 50 100%

lNoTpouwmsa eHepruje

3a rpejarbe HakoH

npumeHe rpaheBMHCKIX

1 TEPMOTEXHUUKMX

Mepa

B 50%
Energy consumption

after refurbishment

measures

77%
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E period 1971 - 1980




HaumnoHanHa Tunonorwja ctambenrix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

E1
E1

MopopmnuHa cnobogHoctojeha Kyha

CnnyHm 06jekTn
Similar buildings

<50%

2 A

Free-standing family house

Kateropuja NMOPOANYHO CTaHOBaHE Category family housing
[oanHa n3rpagre 1971-1980 Year of construction 1971-1980
bpoj eTaxa 2 (Mo+Mp+1) Number of floors 2 (B+Gf+1)
bpoj ctaHoBa 1 Number of apartments 1

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

CnpaTHa kyha jefHOCTaBHe MpPaBOyraoHe OCHOBe,
Ca ABOBOAHVM KPOBOM. TaBaHCKM MpocTop 1 noapym/
CyTepeH ce He KopwcTe 3a bopasak. CMosbHW 31MA0BY Cy
MacVBHW, 31AaHV MyHOM OMEKOM WK LWYm/bUM BA0OKOM
1 mantepucaHu. Mpo3opu Cy ApPBEHW, CTaHAapAn30Ba-
HUX AVMEH3Wja, Hajuellhe ca "ecnuHrep” poneTHama. Cee
TaBaHwLie, Na v No3uLMje Npema TaBaHy 1 U3Haj Nnoapyma,
Cy MONYMOHTaXHe apMVPaHOBETOHCKE KOHCTPYKLMje.

A one-storey house with a simple rectangular floor
plan and a pitched roof. The attic and the basement are
unoccupied. The external walls are massive, built of solid
brick or hollow blocks and rendered. The standard-size
wooden windows are usually fitted with Esslinger roller
shutters. All floor constructions, including the positions
to the attic and above the basement, are semi-precast
reinforced concrete constructions.



MNopofgmnyHa kyha ca MacMBHWM 310BMMA Of OreKe
M acafoM HakHAaHO W3BEAEHOM Y BWAY ,KOHTaKT-
He" TepmousonosaHe dacafe Kopuwhersem NoancTw-
peHCkux 6nokosa. Ha Tepmorpamy ce youasajy ryow-
UM TOMMOTE Ha MecTMMa MPOAOcPa KOH3O/HMX Tepaca
KpO3 TEPMUUKM OMOTay U Yy 30HM CTpexe. KoHCTpYyKLWja
Npo30pa 1 ynasHvx BpaTa je Heoarosapajyha ca npumert-
HM TOMMOTHUM ryouLmMma.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

436

E - nepunoa 1971 -1980. E - period 1971 - 1980

A family house with massive walls and the facade
subsequently thermally insulated with a contact fagade
system using polystyrene blocks. The thermal image
reveals heat losses at the points where cantilevered
terraces penetrate the thermal envelope and at the
eaves zone. The window and entrance door construc-
tions are inadequate, showing noticable heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
327

<100

<150

<200

<250

> 250

39
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbu 31A

External Wall

U (W/m?K)
MehycnpaTHa

KOHCTPYKLUWja 13Haf
OTBOPEHOr NPOCTopa

Floor Construction
to Outside Area

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3ua of oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

1.70

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA Of oneke 25cm,
ManTep 2cm, Tepmousonauuja 10cm,
mantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

0.28

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA Of oneke 25cm,
manTep 2cm, Tepmomsonauuja 20cm,
mMantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

0.15

YHyTpa Inside

Cnosba Outside

NapKeT Ha Nenky 2.2 cm, LemMeHTHa
Kowysbmua 3cm,,Panua’ TaBaHmua 20cm,
Mantep 2cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm,
plaster 2cm

1.84

YHyTpa Inside

|

NN

Cnoma Outside

napKeT Ha nenky 2.2 cm, LeMeHTHa
KoLyrbuua 3cm, “Panng’ TaBaHnua 20cm,
ManTtep 2cm, Tepmonsonaumja 15cm,
mantep 1cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm, plaster
2cm, thermal insulation 15cm, plaster 1Tcm

0.22

YHyTpa Inside

Cnosba Outside

NapKeT Ha Nenky 2.2 cm, UemMeHTHa
Kowysbumia 3cm, “Panna” TaBaHumua 20cm,
ManTep 2cm, Tepmonsonadmja 20cm,
mantep 1cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm, plaster
2cm, thermal insulation 20cm, plaster 1cm

0.17




E - nepunoa 1971 -1980. E - period 1971 - 1980

Cknonosu Tepmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKUMja ncnoga
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mK)
MehycnpatHa
KOHCTPYKUWja 13Hag
HerpejaHor nogpyma

Floor Construction

to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

Cnosba Outside

YHyTpa Inside

"Panna”TaBaHvua 20cm, Mantep 2cm

Rapid hollow clay block floor 20cm, plaster
2cm

245

YHanpeherbe 1 Improvement 1

Cnorba Outside

YHyTpa Inside

LieMeHTHa KoLy biLia 4cm, Tepmomsonalivja
10cm, “Panua” taBaHmua 20cm, Mantep 2cm
cement screed 4cm, thermal insulation
10cm, Rapid hollow clay block floor 20 cm,
plaster 2cm

0.30

YHyTpa Inside

Cnosba Outside

MapKeT Ha NenKky 2.2 cm, LemMeHTHa
Kowysbuua 3cm, “Panug” TasaHuua 20cm,
Mantep 2cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm,
plaster 2cm

148

YHyTpa Inside

Cnorba Outside

napKeT Ha nenky 2.2 cm, LeMeHTHa
Kowysbuua 3cm, “Panng’ TaBaHnua 20cm,
ManTep 2cm, Tepmousonauuja 10cm,
mantep 1cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm,
plaster 2cm, thermal insulation 10cm,
plaster Tcm

0.27

YHanpehetbe 2 Improvement 2

Cnospa Outside

OO
A 0

YHyTpa Inside

LieMeHTHa KoLLysbuLia 4cm, TepMousonaumja

20cm, "Panua”TaBaHmua 20cm, Mantep 2cm

cement screed 4cm, thermal insulation
20cm, Rapid hollow clay block floor 20 cm,
plaster 2cm

0.18

YHyTpa Inside

Cnospa Outside

napKeT Ha NenKky 2.2 cm, LeMeHTHa
Kowysbumua 3cm, “Panna’ TaBaHmua 20cm,
Mantep 2cm, Tepmomnsonaumja 15cm,
mantep Tcm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm,
plaster 2cm, thermal insulation 15cm,
plaster Tcm

0.21
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

Mpo3op 3]

Wind
indow i

[lpBeHu, ABOCTPYKY Ca pa3MakHyTUM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaKNoM, NNacTuHe poneTHe

Wooden, double frame, double sash (narrow
box) with single glazing, plastic roller blind

U (W/m?K) 3.30

YHanpeherbe 1 Improvement 1

e
- .

[lpBeHn ca ABOCNOjHIM V30MaLMOHIM
HVCKOEMUCMOHUM CTaK/10-NakeToM
NCMYHEHVIM HEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

-

- 5

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHIM CTaKN0-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

1.00

Yna3Ha BpaTa )J.pBeHa, Ca CTak/IeHOM UCMyHOM

Wooden, leaf with glass

Entrance door

U (W/m?K) 3.00

[lpBeHa, KpwWnio Ca TepMomnsonalnoHom
NCryHOM

Wooden, insulated leaf

)J.pBeHa, KpWio ca TepMonsoiauoHomM
MCIyHOM

Wooden, insulated leaf

CucTem 3arpeBarba
npocTopwja

1.50 1.50
Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Heating system

MojeanHauHe nehu Ha yrasm

Individual coal stove

CreneH nckopuwhetsa
cucTema rpejarba
Heating system
efficiency factor

LleHTpanHu cuctem rpejata,
HUCKOTeMNepaTypPHU KOTao Ha 3eMHU rac
(BapwjaHTa - KOTao Ha fjpBo/neneT)

Central heating with a low temperature gas

boiler (option - biomass boiler for pellets
orlogs)

0.90 |

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHM KOTA0 Ha 3eMHM rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)

| 1.03




E - nepunoa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
! 7
i S

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme

- Tonne CaHMTapHe BOAE NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH

Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water — DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Batbe pacagHWX 31A0Ba KOHTAKTHOM TEPMOM30MaLMOHOM dacafoM. V130/10Barbe XOPU30HTaNHE KOHCTPYKLMje 13HaL OTBOPEHOr
npocTopa. M3on08atbe XOPU30HTaNHUX KOHCTPYKLMja Ka HerpejaHom nofpymy 1 TaBaHy. Yrpaakba HOBYVIX APBEHVX NPO30pa ca ABOCIOJHIM
11301aLMOHNM HUCKOEMMCUOHIM CTaK0-MaKeToM. Yrpajrba HOBYX TEPMOM30/10BaHNX BpaTa. ® VIHCTanaumja LeHTpanHor cucTema rpejarba
¥ Npunpeme Tonse caH1TapHe BOfE Ca HUCKOTEMMNEPATYPHUM KOT/IOM Ha 3eMHI rac. HuckoTemnepaTypHU CUCTEM rpejakba ca U3010BaHNM
LIeBHVIM BOJOBVIMA 1 BDEMEHCKIM/TEMMNEPATYPHUM perynatopuma.

TThermal insulation of fagade walls with a contact facade system. Insulation of the floor construction above the outside area. Insulation of
floor constructions to the unheated basement and attic. Installation of new wooden windows with double-glazed low-emissivity glass unit.
Installation of new, thermally insulated, doors. ® Central heating and domestic hot water supply with a low temperature gas boiler. Low
temperature heating system with insulated pipes and time and temperature programmable control unit.

/130n0Batbe pacagHMX 31A0Ba KOHTaKTHOM TePMOM30MaLVoHOM dacafoM. V130M10Barbe XOPU3OHTaNHE KOHCTPYKLMje M3HaL OTBOPEHOr
npocTopa. V3010Barbe XOPK30HTaNHUX KOHCTPYKLM]A Ka HerpejaHom noapymy v TasaHy. Yrpafrba HOBMx nposopa of MBL npoduna ca
TPOC/IOJHVM M30MaLMOHUM HUCKOEMUCHOHWM CTakIo-NakeToM. Yrpafiba HOBMX TePMOW30M0BaHUX BpaTa. ® VIHCTanauwja LeHTpanHor
cvcTemMa rpejarba v Npynpeme Tore CaH1TapHe BOAE Ca KOHAEH3aLMOHMM KOTJIOM Ha 3eMHM rac. VIHCTanaumja AonyHCKOr cMcTema ConapHmux
KOneKTopa 3a NoApLKY y NPYNpemu Tornne caHuTapHe Boge.

Thermal insulation of facade walls with a contact fagade system. Insulation of the floor construction above the outside area. Insulation of floor
constructions to the unheated basement and attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation
of new, thermally insulated, doors. ® Central heating and domestic hot water supply with a condensing gas boiler. Additional solar thermal
system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 350 350 350
enemMeHata TepMUYKor
omOTaya 3rpage 300 300 300

Heat loss through the
thermal envelope

[W/K] 200 I 200 200

250 250

150 150 150
100 100 100
50 I 50 50
i
1 2 3 4 5 6 12 3 4 5 6 ! 2 3 4 5 6

1 - Cnosalwrby 3ug, 2 —Tposopy, 3 —Bpata, 4 — MehycnpaTtHa KOHCTPYKLMja U3Haz OTBOPEHOT NPOCTOPa,
5 - MebhycnpaTHa KOHCTPYKLWja Ka HerpejaHom TasaHy, 6 — MehycnpaTHa KOHCTPYKLUMja U3Haa HerpejaHor noagpyma

1 - External wall, 2 = Windows, 3 — Doors, 4 — Floor construction to outside area, 5 — Floor construction to unheated attic,
6 - Floor construction to unheated basement
CneunduruHa rogniirba
notpebHa eHepruja 3a
rpejarce
Specific Heating Energy
demand per year 245 (75%) 265 (81%)
[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcki paspes

Energy class

®uHanHa eHepruja

Final ener
o [ T A N | e e A E E N A [ T e e O R

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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E - nepviog 1971 - 1980. E - period 1971 - 1980

YHanpebeH:e TEePMUNYKOIr OMOTa4a Ca CUCTEMOM rpejal-ba — €HepreTckn 6unaHc

Thermal envelope improvement with heating system - energy balance
lNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1

EHepruja noTpebHa 3a

rpejarbe
Heating energy _ . U=
demand [ (e
0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel Yram lac
Coal Gas
[pumapHa eHepruja 11135
pumap prvj e

Primary energy

[KWh]
93633
89%

Emncmja CO,

CO, emission

|
kg 0 50 100%

[oTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
N TEPMOTEXHUYKINX
mepa

. 87%
Energy consumption

after refurbishment
measures

YHanpehetbe 2 Improvement 2

. 6659
.

50 100%
[ac
Gas
7325
7%
97443
93%
I1465
I I Y B A |
0 50 100%
92%
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MopopaunyHa Kyha y Hu3y

Cnnunm o6jekTy
Similar buildings

O

<50%

oo
oo

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 1971-1980 Year of construction 1971-1980
Bpoj eTaxa 2 (Mp+1) Number of floors 2 (Gf+1)

bpoj cTaHoBa 1-3 Number of apartments 1-3

MospuwnHa (M?) HeTo rpejaHa  200-250 Area (m?) Net heated 200-250
3anpemuiHa (m?) HeTo rpejaHa 500-650 Volume (m?3) Net heated 500-650

CnpatHa Kyha y HM3y KOMMaKTHE MpaBoyraoHe
ocHoBe. KpoB je BOBOAHM, a TaBAHCKM MPOCTOP Ce He
KOpKCTW 3a bopasak. DacadHu 31MA0BKM Cy Hajuewhe of
Wynsbe orneke O6NOXKEHN TEPMOMANTEPOM Ca CrosbHe
cTpaHe. Mpo3opu Cy CTaHAapAHWX OUMEH3M]a, APBEHMU,
ABOCTPYKM Ca CMOJEHMM KPUAMMa U MNAaCTUYHOM "eCinH-
rep” poneTHOM Kao 3aWTWTOM Of CyHla. TaBaHuue cy
npedabprikoBaHe apMMPAHOOETOHCKE WA MOMYMOH-
TaXKHe Ca MCMYHOM Off LYNSbKX OMeKapCKMX efemeHara.

246

A one-storey house in a row with a simple rectangu-
lar floor plan and a pitched roof. The attic is unheated.
The fagade walls were usually built of hollow brick exter-
nally rendered with thermal insulation mortar. The wood-
en double-framed casement windows are of standard
size and fitted with PVC Esslinger roller shutters. The floor
constructions are precast reinforced concrete construc-
tions or semi-precast with hollow clay infill elements.



MNopofgnyHe Kyhe y HW3y ca MacMBHWUM 3M4OBMMA
Of} OMneKe 1 M30M1aUMOHUM CIojeM Y BUAY TepMOn3ona-
UMOoHOr ManTepa. Ha Tepmorpamy ce youyaBajy v3pa-
3UTY TyOMUM Y 30HM apMmMpaHo BETOHCKMX CepKnaxa.
KOHCTPYKLMja ynasHMx BpaTa v Npo30pa je Heofrosa-
pajyha ca NpuvMEeTHWUM TOMIOTHUM rybuLMMa Hapouw-
TO Y 30HM KyTuje 3a poneTHe. [OTKPOBHM NPOCTOP Ce He
rpeje.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel
189

(%]

E - nepunoa 1971 -1980. E - period 1971 - 1980

Family houses in a row with massive brick walls and
thermal insulation rendering. The thermal image shows
remarkable losses at reinforced concrete ring beams.
The window- and entrance door constructions are inad-
equate, showing noticable heat loss especially at roller
shutter boxes. The attic is not heated.

Energy class of building — existing state

Q,,, kWh/(m?a)]
132

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/mK)
31A Ka cyceny

Wall to the Adjacent
Building

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

TVMNC KapTOHCKa nnova 1.25 ¢m, wynsba
oneka 25cm, TepMomManTep 3cm

gypsum board 1.25cm, hollow brick 25cm,
thermal plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

rMNC KapTOHCKa nnova 1.25 cm, wynsba
oneka 25cm, TepmomMantep 3 cm,
Tepmousonauuja 10cm, mantep 1cm
gypsum board 1.25cm, hollow brick 25cm,
thermal plaster 3cm, thermal insulation
10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

MUNC KapTOHCKa nnova 1.25cm, wynsba
oneka 25cm, TepMomMantep 3cm,
Tepmousonauuja 20cm, mantep 1cm

gypsum board 1.25cm, hollow brick 25cm,
thermal plaster 3cm, thermal insulation
20cm, plaster 1cm

117 0.26 0.15
i (9] (] [} [ (9]
° ° ° ° ° °
c = c = c =
- g - s = 3
£ 2 £ 2 S 2
z s £ == s 2 o
@) U @]
TVNC KapToHCKa nioya 1.25 cm, wynsba HEMA N3MEHA “rMnc KapToHCKa nnoya 1.25cm,
oneka 25cm, runc KapToHcka nnova 1.25cm - Tepmowvonaymja 5cm, Wynsba oneka 25cm,
- NO CHANGES rMNC KapTOHCKa nnoya 1.25 cm
gypsum board 1.25cm, hollow brick 25cm, -
gypsum board 1.25cm gypsum board 1.25cm, thermal insulation
5cm, hollow brick 25cm,
gypsum board 1.25cm
1.26 1.26 0.44




Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

PaBaH KpoB

Flat Roof

U (W/m?K)
MehycnpatHa

KOHCTPYKUWja ncnog
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

TeKCTUNHa obnora 0.2cm, dnopbut 3.8cm,
Tepmou3onauwja 4cm, HabujeHr 6eToH
6Cm, Xapov3sonauwja 1cm, nako apMypaxi
6eTOH 6¢m, WbyHak 10cm

textile covering 0.2cm, wood cement base
3.8cm, thermal insulation 4cm, rammed
concrete 6¢m, hydro insulation Tcm, light
reinforced concrete 6cm, gravel 10cm

0.29

Cnosba Outside

YHyTpa Inside

Tepauo 5 cm, xugpomsonaumja 1cm,
Tepmowmzonaumja 5cm, 6eToH 3a nag 5¢m,
TaBaHwuLa “AOM"-OMHIWA 25cm

terrazzo 5cm, hydro insulation 1cm, thermal
insulation 5cm, concrete laid to falls 5cm,
DOM-OMNIA hollow-core concrete slab
25cm

0.52

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorsba Outside

HEMA M3MEHA

NO CHANGE

0.29

Cnora Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGE

0.52

Cnosba Outside

YHyTpa Inside

Tepmowusonaumja 5em,
TaBaHuua "AOM"-OMHMA 25cm”

thermal insulation 5¢cm, DOM-OMNIA
hollow-core concrete slab 25cm

0.58

Cnosba Outside

YHyTpa Inside

Tepmonsonauuja 10 cm,
TaBaHuua “AOM"-OMHWA 25cm

thermal insulation 10cm, DOM-OMNIA
hollow-core concrete slab 25cm

0.30

E - nepunoa 1971 -1980. E - period 1971 - 1980

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGE

0.29

Cnospa Outside

OO
YHyTpa Inside

Tepauo 5 cm, xvgpomsonaupja 1cm,
Tepmomzonaumja 5cm, 6eToH 3a nag,

5cm), TaBaHuua “AOM™-OMHIA 25cm,
Tepmow3onaumja 12cm, rvnc KapToHCKa nioya
1.25cm

terrazzo 5cm, hydro insulation 1cm, thermal
insulation 5cm, concrete laid to falls 5¢cm,
DOM-OMNIA hollow-core concrete slab
25cm, thermal insulation 12cm, gypsum
board 1.25cm

0.19

Cnosba Outside

LN

YHyTpa Inside

Tepmownsonaymja 20 cm,
TaBaHuua “AOM"-OMHIMA 25cm

thermal insulation 20cm, DOM-OMNIA
hollow-core concrete slab 25cm

0.16
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

. =
il

[lpBeHW, ABOCTPYKM Ca CMOjeHUM KpUnma 1
JeNHOCTPYKMM CTaKIOM, NNacTVYHa ec/iuHeep
poneTtHa

Wooden, double frame, connected sash
with single glazing, plastic roller blind

YHanpeherbe 1 Improvement 1

e
- .

[lpBeHy ca ABOC/IOJHMM U30NaLMOHNM
HUCKOEMUCVOHYIM CTaK/0-NakeToM
NCNYHEHUM VHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHIM CTaKN0-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

3.30 1.50 1.00
[lpBeHa, Kpuno of nyHor ApeeTa HEMA M3MEHA [pseHa nnw MBL, kpuno ca
- - TePMOU30MaLMOHOM UCMyHOM
Wooden, solid wood leaf NO CHANGES -

Wooden or PVC, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBarba
npocTopwja

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

[armHcKo rpejarbe Ha GocvnHa ropvsa

District heating (fossil fuel)

0.85 |

[arbmHCKo Ha GocrnHa ropvsa.
TepmocTaTcky BeHTUW. ModepHy3aumja
NoACTaHMLe - perynaumja npema CrnosbHoj
TemnepaTtypu. Hannata npema noTpoLUHy.
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

| 092 |

[larbMHCKO Ha GoCunHa ropuea.
TepmocTaTcku BeHTUAW. MoAepHyi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbMBOT MPOTOKa
1 perynaumja npema CrosbHoj TemrnepaTtypu.
Hannata npema noTpowbn.

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.

| 095




E - nepunoa 1971 -1980. E - period 1971 - 1980

CucTemu rpejama u npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHUKOM Y NMOACTAHNLM V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NOACTaHWLM
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

130n0Batbe GacafiHuX 3K0Ba KOHTAKTHOM TepMOM3onauvoHom dacafjom. [lofaTHo M30510Batbe XOPU3OHTANIHE KOHCTPYKUMje npema
HerpejaHoM TaBaHy. Yrpafrba HOBKX APBEHUX MPO30Pa Ca [BOCIOJHMM M30MaLUMOHUM HUCKOEMUCUOHUM CTakno-naketom. @ Yrpaara
TEPMOCTATCKMX BEHTVNA. MoaepHY3aLmja NOACTaHULE YrpafiHoM CUCTEMa 3a perynaLnjy NpoToKa Npema CrosbHOj TeMnepaTypu 1 Mepersem
crnopyyeHe eHepruje. Hannata npema NoTpoLUbY MepPeHO; Y MOACTAHWUN. Yrparba LeHTPaNHOr CrcTeMa nprnpeme Tone Bofe NoBe3aHor
Ca CVCTeMOM rpejatrba.

Thermal insulation of facade walls with a contact facade system. Additional thermal insulation of the floor construction to the unheated attic.
Installation of new wooden windows with double-glazed low-emissivity glass unit. ® Installation of termostatic valves. Modernization of the
substation by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption
based billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system.

/130noBatbe acafiHUX 3K0Ba KOHTaKTHOM TEPMOWM30MaLMOHOM dacafom. V3onoBarbe 31aoBa Ka CycefiHUM ObjeKTVMa Ca yHyTpalutbe
cTpaHe. [IoAaTHO 130/10Batbe XOPU3OHTaHE KOHCTPYKLIMe NpemMa HerpejaHom TasaHy. [loaaTHoO 1301108Barbe KOHCTPYKLMjE PaBHOT KpoBa Ca
YHyTpalHbe CcTpaHe. Yrpaarba HoBKX Npo3opa of MNBL| npoduna ca TPOCI0jHVM M30MaUMOHUM HUCKOEMUCHOHKM CTaKIO-NakeToM. Yrpaarba
HOBWX TEPMOM30NOBaHVX BpaTa. ® Yrpadrba TEPMOCTATCKMX BeHTUNa. MofepHmusauvja NofcTaHuLe yrpaarom crucTema 3a perynauujy
NPOTOKa Npema CrosbHOj TeMnepaTypu U MeperemM UCNopydeHe eHeprije. Yrpadkba Mymre ca NPOMEHbUBKM MPOTOKOM ¥ OUMTaBatkbem
NoTPOLLHe eHepruje. Hannata npema NOTPOLWHY MEPEHO] Y MOACTaHMUN. Yrpadtba LeHTPalHOr cucTema nNpunpeme Tonne Bofe nose3aHor
Ca CVCTeMOM rpejatba, Ca JOMyHCKMM CUCTEMOM COMapHYIX KONEKTOPa 3a NOAPLLKY NPYNpeme TOoMse CaHWTapHe BOAe.

Thermal insulation of facade walls with a contact facade system. Internal insulation of the walls to the adjacent buildings. Additional thermal
insulation of the floor construction to the unheated attic. Additional internal thermal insulation of the flat roof construction. Installation of
new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors. ® Installation of termostatic
valves. Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered energy
measurement. Installation of the pump with variable flow and reading of the energy consumption. Consumption based billing measured in
the substation. Installation of the central system for the hot water preparation connected to the heating system, with additional solar thermal
system to support preparation.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 180 180 180
enemMeHaTa TepMUUKor
omoTava 3rpane 160 160 160
- 140 140 140
Heat loss through the
thermal envelope 120 120 120
[W/K] 100 100 100
80 80 80
60 60 60
40 40 40

20

N
o

-~ I

7 T2 3 7 12 3 4 5 6 7

1 - Cnomalutby 31, 2 —T1po3opw, 3 - BpaTta, 4 — 31z Ka cyceaHom objekTy, 5 — MehycnpaTHa KOHCTPYKLMja Ka HerpejaHom TaBaHy,
6 — PaBaH kpos, 7 - lNog Ha Ty

-~ I

5 6 5 6 6

1 - External wall, 2 —= Windows, 3 — Doors, 4 — Wall to adjacent building, 5 — Floor construction to unheated attic,
6 — Flat roof , 7 — Ground floor

‘ 61 (46%) 82 (62%)
®uHanHa eHepruja

Final energy [ vssost ] [ oe% ]

e (e [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcku paspeq

U
U

Energy class

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)



YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTcky bunaHc
Thermal envelope improvement with heating system - energy balance

NocTojehe cTare Present state

EHepruja noTpebHa 3a

rpejarbe

Hezting ener [ mw ] [ e ]
d%gy [ A A Y A [ Y A R O
eman 0 50 1000 0 50
[KWh]

EHepreHT

- [amnHcko, docunHa [amunHcko, docnnHa
Fuel ropumea ropunea

District heating / fossil fuel District heating / fossil fuel

YHanpebherbe 1 Improvement 1

E - nepropn 1971 - 1980. E - period 1971 - 1980

YHanpehetbe 2 Improvement 2

MNpumapHa eHeprija

Primary energy
[KWh]
[ T

29707
50%

Emncmja CO,

CO, emission

| [ O B B
kg 0 50 100%

[NoTpouwrsa eHepruje

33 rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

. 50%
Energy consumption

after refurbishment
measures

100% 0 50 100%
[arsuHcko, docvnHa
ropviea
District heating / fossil fuel
39252
66%
(. [ R I B
100% 50 100%

66%

253
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E3
E3

CrambeHa cnobopgHocTtojeha 3rpaga

CnnyHu 06jekTn

Similar buildings
ooo
q E g O J<s0%
1 A
1
2 A

Free-standing residential building

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multy-family housing
[oanHa n3rpagre 1971-1980 Year of construction 1971-1980

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

bpoj ctaHoBa 12 Number of apartments 12

MoepuwuHa (M?) HeTo rpejaHa 700 Area (m?) Net heated 700

3anpemuHa (m?) HeTo rpejaHa 1800 Volume (m?) Net heated 1800

CrambeHa 3rpaja KOMMaKTHe OCHOBe, Ca MuT-
KM KOCKM WM HEMPOXOAHNM PaBHUM KPOBOM. 31A0-
BM CYy MAaCWBHW, ManTeprcaHn Unn obnoxeHn dpacagHom
onekom. [po3opu Cy ApBeHW, ABOCTPYKM Ca CMOjeHnM
WK Pa3MaKHYTUM KpunumMa (ycka KyTwja), CTaHaapaHMX
AVMMEH3Mja VHWUMjaNHO Hajuelwhe onpemsbeHr camo
YHYTPalWHOM MnaTHeHOM poneTHom.  MehycnpaTHe
KOHCTPYKLUWje Cy NOTYMOHTaxHe, Ca MCMyHOM Of WY N/bKx
6110KOBa MK apMrpaHobeToHCKe. [MoaPYMCKM 1 TaBaH-
CKM MPOCTOpW Ce He KopucTe 3a bopasak. [pusemsbe
0bjeKTa je HamerbeHO CTAaHOBaHbY.

A residential building with a compact floor plan,
a shallow pitched or flat roof. The massive walls are
rendered or clad with facade brick. Standard-size
windows are wooden double-framed narrow or wide
sashes in narrow casing, originally only fitted with inter-
nal canvas roller shades. The floor constructions are semi-
prefabricated, of reinforced concrete or with hollow
block infill. The basement and loft areas are unoccupied.
The ground floor is intended for a residential purpose.



CrambeHa 3rpafla ca MacMBHUM dacaaHUM 3UO0BW-
Ma ofi oneke 6e3 Tepmom3sonauvje. Tepmorpam npukas-
yje NpYMeTHe rybuTKe TonnoTe Kpo3 dacaHu 31a Hapo-
UMTO Y 30HaMa XOPM3OHTANIHWX APMMPAHO GETOHCKMX
CepKaxa, HaTNPO30PHMX rpesa v Ha MeCTMMA KOH30/THO
npenywTeHnx Tepaca. OpurimHanHa dacagHa ctonapwja
je y noluem CTarby v KapakTepuLie ce 13pasnTim ryouum-
Ma Ha CrojeB1Ma OKBKMPa V'Y 30HM KyTWja 3a pofieTHe.

EHepreTcku paspep objekta — nocTtojehe cTame

Q
273

(%]

H,nd rel

E - nepunoa 1971 -1980. E - period 1971 - 1980

A residential building with massive fagade brick walls
without thermal insulation. The thermal image reveals
noticeable heat loss through facade walls, particularly
at horizontal reinforced concrete ring beams, lintels and
cantilevered terraces. The original facade fenestration
has deteriorated and reveals intense heat losses at frame
connections and roller shutter boxes.

Energy class of building — existing state

Q,,, kWh/(m?a)]
191

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

31A Ka HerpejaHom
CTEMEHULTY

Partition Wall
to Unheated Staircase

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 25cm,
TepaHoBa 3cm

plaster 2cm, brick wall 25cm, decorative
plaster terranova 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 25cm, TepaHosa 3cm,
Tepmomsonauuja 10cm, mantep 1cm
plaster 2cm, brick wall 25cm, decorative
plaster terranova 3cm, thermal insulation
10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, oneka 25cm, TepaHoBa 3cm,
Tepmomsonauuja 20cm, mantep 1cm
plaster 2cm, brick wall 25cm, decorative
plaster terranova 3cm, thermal insulation
20cm, plaster Tcm

1.68 0.31 0.17
[ (9] (] [} [ (9]
3 3 3 E= 2 % -
c = C = c =
= 3 = [EBE 3 = S
2 3 2 3 e 3
> > I >
= e = e = g
@] (e} @]
Mantep 2cm, oneka 25cm, Mantep 2cm HEMA M3MEHA ManTtep 2cm, oneka 25cm, Mantep 2cm,
- - TepmMounsonaurja 5cm, rmnc KapToHCKe
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES nnoye 1.25cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, gypsum board
1.25cm
1.46 1.46 045




E - nepunoa 1971 -1980. E - period 1971 - 1980

CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTpYyKLUWja 13Haa
HerpejaHor npocTopa
(nonpym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKLUWja NCNoA
HerpejaHor NpocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napkeT Ha achanty 3cm, dasep nnode 3cm,
TM3 20cm, manTtep 2cm

parquet on asphalt 3cm, wood fibre board

base 3cm, TM3 slab with hollow clay block
20cm, plaster 2cm

1.16

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA

NO CHANGES

1.16

Cnosba Outside

YHyTpa Inside

necak 3cm, 6nato ¢ nnesom 5cm, TM3 20cm,
mantep 2cm

sand 3cm, rammed earth with chaff 5cm,
TM3 slab with hollow clay block 20cm,
plaster 2cm

1.73

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLy buLa 4cm, Tepmonsonaumja
10cm, TM3 20cm, manTtep 2cm

cement screed 4cm, thermal insulation
10cm, TM3 slab with hollow clay block
20cm, plaster 2cm

0.33

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napkeT Ha achanTy 3cm, pasep nnode 3cm,
TM3 20cm, manTtep 2cm, Tepmonsonaumja
10cm, mantep 1cm

parquet on asphalt 3cm, wood fibre board
base 3cm, TM3 slab with hollow clay block
20cm, plaster 2cm, thermal insulation 10cm,
plaster Tcm

0.28

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLy bu1La 4cm, Tepmowv3onaumja
20cm, TM3 20cm, manTep 2cm

cement screed 4cm, thermal insulation
20cm, TM3 slab with hollow clay block
20cm, plaster 2cm

0.18
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MocTojehe cTarbe Present state

. =
il

[pBeHM, ABOCTPYKM Ca CMOjeHNM Kpunnma

1 jeIHOCTPYKMM CTakoM. [lpBeHa ec/iuHeep
poneTHa

Wooden, single frame, connected double
sash with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-MaKeToOM
NCNYHEHUM VMHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca ABOCNOjHMUM 130NaLNOHMM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

PVC, double glazed low-E glass unit, inert
gas filling

3.30 1.50 1.30
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cucrem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cUcTeMa rpejarba
Heating system
efficiency factor

[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

0.85

[larsnHCKo rpejatrbe Ha docunHa roprisa.
TepmocTaTcky BeHTUW. ModepHy3aLmja
NOACTaHuLe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

0.92 |

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwrsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.

| 0.95




E - nepunoa 1971 -1980. E - period 1971 - 1980

CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

130n0Bate dacaHnX 3MA0Ba KOHTAKTHOM TEPMOV30NaLMOHOM Gacafiom. V130n10Bare XOPU3OHTaNHe KOHCTPYKLMje Npema HerpejaHom
TaBaHy. Yrpazirba HOBVX APBEHMX NPO30pPa Ca ABOCIOJHUM M30M1aLMOHUM HUCKOEMUCMOHUM CTaKO-NakeToM. @  Yrpafrba TepMOCTaTCKIX
BEHTWNa NO CTaHoBMMa. MogepHu3aLinja NoACTaHNLE YrpafHOoM CCTeMa 3a perynalujy NpoToka npema CNosbHOj TeMNepaTypu U Mepetbem
crnopyyeHe eHepruje. Hannata npema NoTpoLUbY MepPeHO; Y MOACTAHWUN. Yrparba LeHTPaNHOr CrcTeMa nprnpeme Tone Bofe NoBe3aHor
Ca CVCTeMOM rpejatrba.

Thermal insulation of facade walls with a contact fagade system. Insulation of the floor construction to the unheated attic. Installation of new
wooden windows with double-glazed low-emissivity glass unit. @ Installation of termostatic valves in apartments. Modernization of the
substation by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption
based billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system.

/130n0Batse dacagHmnx 31MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM dacafom. V13010Bate YHyTPaLUtbYX 3140Ba NpemMa HerpejaHom npoctopy
(xonHMK/CTeneHuwwTe). V130M10BaHe XOPV3OHTANHWX KOHCTPYKLMja NpemMa HerpejaHoM NnoapymMy 1 TaBaHy. Yrpadrba HoBmMx npo3opa o MBL,
npodwina ca ABOCIOjHNM M30MALMOHKM HUCKOEMCUOHIM CTaKNO-NaKeToOM. YrpajHba HOBYX METanHUX TEPMOM30M0BaHX BpaTa.

® Yrpajrba TepPMOCTaTCKIX BEHTWAMa MO CTaHOBMMa. MoAepHY3aLmMja NOACTaHVLE YrpafHOoM CUCTEMa 3a perynaLvjy NPOTOKa Npema CrosbHO)
TemMnepaTtypu 1 Meperem UCnopydyeHe eHeprije. Yrpadrba Mymne ca NpOMEHSbMBUM MPOTOKOM W OYMTaBatbeM MOTPOLLHE eHepriuje.
Hannata npema NoTpowWK MepeHoj y NoACTaHNLUM. Yrpasitba LeHTPaNHOr cMCTeMa NpunpemMe Torse BOoAe NOBE3aHOr Ca CUCTEMOM rpejatba,
Ca [A0NYHCKMM CUCTEMOM CONApPHUX KONEKTOPa 3a NOAPLLKY Y NPUNpemm Tomne CaHUTapHe Boge.

Thermal insulation of fagade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation
of floor constructions to the unheated basement and attic. Installation of new PVC windows with double-glazed low-emissivity glass unit.
Installation of new, thermally insulated, metal doors. @ Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump
with variable flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *
MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHW rybuun 1200 1200 1200
efleMeHata TepMn4Kor

OoMOTaua 3rpage B
_ 1000 1000 1000
Heat loss through the
thermal envelope 800 800 800
[W/K] I
600I 600 600
4ooI 400 400
200 200 200
I I I iiCa
1.2 3 4 5 6 1 2 3 4 5 6 12 3 4 5 6

1 — Cnosalltby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom cTenerniuTy, 5 — MehycnpaTHa KOHCTpyKLUmja
M3Hag HerpejaHor noapyma, 6 — MehycnpatHa KOHCTPYKUMja Ka HerpejaHom TaBaHy

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Floor construction to unheated
basement, 6 — Floor construction to unheated attic
[kWh/m?/ year]

EHepreTcki paspes

- | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ene. [ e ] [ somes | (32548
& e (N

[ O [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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E - nepviog 1971 - 1980. E - period 1971 - 1980

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHeprunja notpebHa 3a

rpejarbe

Heating energy |_| e
demand 0 50 100%
[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropunea
District heating / fossil fuel

YHanpebhetbe 1 Improvement 1

[arsuHcko, docmnHa
ropuBa
District heating / fossil fuel

YHanpehere 2 Improvement 2

[amuHcko, ocunHa
ropvea
District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBMHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

179513
65%

65%

215559
78%
[ T A A
0 50 100%
78%
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CrambeHa 3rpada Tmna JiaMersa

al b

CnnyHm 06jekTn
Similar buildings

Residential building — lamela

Kateropuja BMLLENMOPOANYHO CTaHOBare — Category multy-family housing
[oanHa n3rpagre 1971-1980 Year of construction 1961-1970

bpoj eTaxa 8 (Mo+Mp+7) Number of floors 8 (B+Gf+7)

bpoj ctaHoBa 25 Number of apartments 25

MoepwwHa (M?) HeTo rpejaHa  900-1000 Area (m?) Net heated 900-1000
3anpemuHa (m?) HeTo rpejaHa  2000-2500 Volume (m?) Net heated 2000-2500

CrambeHw 1BOTPaKT, Ca MOBYYEHOM eTaXKOM W PaBHUM
KPOBOM. 31AoBKM Cy npedabpuKoBaHM apMuUpaHobe-
TOHCKM, "CeHfBUY" KOHCTPyKUMje Ca Tepmoun3onaymo-
HVIM CIIOJEM W Pa3NNUMTIM 3aBPLWHMM obpafaMa (HaTyp
6eToH, pacafHa oneka vnu 6NOKOBH, "Kynmje’, Mo3auk, 1
cn.). Mpo3opn cy apBeHK, ABOCTPYKM Ca CMOjeHUM MK
pa3MakHyTUM Kpuavma 1 GopmMmnpajy NPo30opCcKe Tpake
nnv Beha nosba GpacafgHyx oTBopa. 3acTopu Cy "ecsnH-
rep” poneTHe. MehycnpaTHe KOHCTPYKUWMje Cy MOHTaX-
He apMUPAHOBETOHCKe WAN MONYMOHTaXKHe, ca MCny-
HOM Of Wyn/bux 610KoBa. [NoapyMcke NpocTopuje ce He
KopucTe 3a bopaBak, a Npuzemsbe 0bjeKkTa je NpeTexHO
HamerbeHO CTaHOBaHbY.

262

A double-wing residential building with a recessed
floor and a flat roof. The walls are prefabricated rein-
forced concrete sandwich constructions with a ther-
mal insulation layer and various types of coating (natu-
ral concrete, facade brick or blocks, pebble dash, mosaic
tiles, etc). The windows are wooden double-framed
narrow or wide sashes organized in ribbons or large
facade openings. The shades are Esslinger roller shutters.
The floor constructions are prefabricated, of reinforced
concrete, or semi-prefabricated, with hollow block filling.
The basement areas are unoccupied while the ground
floor is predominantly residential.



B

_
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N

e e

N

A
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CrambeHa namena ca pasHoBPCHMM dacaaHnm obpa-
Aama. Tepmorpam npvikasyje npumeTHe ryouTke Tonnote
Kpo3 dacaaHu 3wy 30Hama crnojesa npehabprikoBaHmx
naHena 3abaTHKX 3K40Ba, NapaneTa Kao M XOpK3oHTas-
HUX apMMpaHO BETOHCKMX Cepknaka Aenoa ca pacan-
HOM OMeKOM OfJHOCHO Ha MeCTMMa KOH30JHO NpenyLiTe-
HUX Tepaca. OpurnHanHa gpacagHa ctonapwja je y nowem
CTarby Ca U3pasuTVM TOMIOTHAM ryOuLmMMa.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel
196

(%]

E - nepunopa 1971 -1980. E - period 1971 - 1980

A residential lamela building with a variety of facade
materialization. The thermal image shows noticeable
heat loss through facade walls at connections between
prefabricated gable wall panels, parapets, and horizontal
reinforced concrete ring beams with the facade brick, as
well as at cantilevered terraces. The original facade fenes-
tration has deteriorated and reveals intense heat losses.

Energy class of building — existing state

QH’n s [kWh/(m?a)]
137

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpebherse 2 Improvement 2
Crosbalutby 31g 1 N i < i 3 3
- £ - z z
© @) © O © @]
[oR o o
External Wall 1 £ b £ 3 = a
T 3 T e} T e}
> = > = > [
(@] (@) (@]
ManTep 2cm, Tepmomsonaumja 10cm, 6eToHCKM  ManTep 2cm, Tepmori3onaumja 10cm, ManTep 2cm, Tepmousonauuja 10cm,
naHen 7cm 6eTOHCKM NaHen 7cm, TepMounsonauyja 6eTOHCKM NaHen 7cm, TepMounsonaumja 20cm,
plaster 2cm, thermal insulation 10cm, 10cm, mantep Tcm mMantep 1cm
reinforced concrete panel 7cm plaster 2cm, thermal insulation 10cm, plaster 2cm, thermal insulation 10cm, reinforced
reinforced concrete panel 7cm, thermal concrete panel 7cm, thermal insulation 20cm,
insulation 10cm, plaster Tcm plaster 1cm
U (W/m?K) 0.77 0.24 0.14
Crosballitby 3ua 2 3 ke 5 g 5 5
- £ - g z
© @) © O © @]
[oR [oR [oR
External Wall 2 £ 3 S 3 S 3
I o I (e} I o
> = > c > [
(@] (@) (@]
6ETOHCKM NaHen 5¢cm, Tepmomsonaumja 10cm, HEMA U3MEHA HEMA U3MEHA
dacagHa oneka 12cm NO CHANGES NO CHANGES
concrete panel 5¢cm, thermal insulation
10cm, facing brick 12cm
U (W/m?K) 067 0.67 0.67
3uA Ka HerpejaHom e e he e e b
c = = = o =
creneHunuTy o 8 - 8 = 8
Q o Q © Q ©
— = = e
: s =z § =z S
i = > =
Partition Wall 5 5 5
to Unheated Staircase 6etoH 15cm HEMA M3MEHA 6etoH 15cm, TepMousonaLmja 5cm,runc
reinforced concrete wall 15cm NO CHANGES KapTOHCKe nnoye 1.25cm
reinforced concrete wall 15cm, thermal
insulation 5cm, gypsum board 1.25cm
U (W/mZK) 3.09 3.09 0.54
Avnatauvorn sug 3ug = | e b o b b
C = C = C =
n3meDy ABa CTaHa) - i 3 = 3 = 3
g [ pe S pe o pe
- = H 2 % 2 3 z
i ; = = =
Dilatation Wall 5 5 5
(between two MasTep 2cm, GETOHCKM Wyrsbi 610K 7¢m, HEMA M3MEHA HEMA M3MEHA
Appa rtments) Tepmowzonaumja 4cm, 6ETOHCKM Lyryby 610K NO CHANGES NO CHANGES
7cm, mantep 2cm
plaster 2cm, hollow concrete block 7cm,
thermal insulation 4cm, hollow concrete
block 7cm, plaster 2cm
U (W/mK) 1.03 1.03 1.03




E - nepunoa 1971 -1980. E - period 1971 - 1980

CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

MehycnpaTHa
KOHCTPYKUWja ncnog
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

PaBaH KpoB

Flat roof

U (W/m?K)

MNMocTojehe cTarbe Present state
YHyTpa Inside

T

Cnospa Outside

napkert 1.2cm, dasep nnoya 3cm, HaTPOH
nanvp, MMC TaBaHuLa 22cm

parquet 1.2cm, wood fibre board base 3cm,
natron paper, IMS prefabricated concrete
slab 22cm

1.20

YHanpeherbe 1 Improvement 1
YHyTpa Inside

]

Cnosba Outside

HEMA M3MEHA
NO CHANGES

1.20

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLwysbitia 3cm, VIMC TaBaHmLa 22cm
cement screed 3cm, IMS prefabricated
concrete, slab 22cm

215

Cnosba Outside

tl

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

2.15

Cnosba Outside

YHyTpa Inside

Tepauo 5¢cm, xmuapowrsonadmja 1cm, 6eToH 3a
nag M1H. 5¢m, Tep nanwvp, TepMorsonauyja
2.5¢cm, Bpyhu npemas brtymena 0.5cm, MC
TaBaHMUa 25cm

terrazzo 5¢m, hydro insulation 1cm, concrete
laid to fall 5cm min,, roofing paper, thermal
insulation 2.5cm, bituminous layer 0.5cm, IMS
prefabricated concrete slab 22cm

0.86

Cnorba Outside

1

YHyTpa Inside

6eToHCKe MnoYe 5¢cm, xvuapounsonauwja
(membpaHa), TepMom3onauwja 16¢m,
xuapounsonauuja Tcm, 6eToH 3a nag MUH.
5cm, Tep nanup, TepMovsonaumja 2.5cm,
Bpyhu npemas 6utymena 0.5cm, MIMC
TaBaHKMuUa 25cm

concrete tiles 5cm, hydro insulation
(membrane), thermal insulation 16cm, hydro

insulation 1cm, concrete laid to fall 5cm min.,

roofing paper, thermal insulation 2.5cm,
bituminous layer 0.5cm, IMS prefabricated
concrete slab 22cm

0.19

YHanpehetbe 2 Improvement 2
YHyTpa Inside

T

Cnospa Outside

napket 1.2cm, dasep nnoya 3cm,

HaTpoH nanup, MMC TaBaHwmua 22cm,
Tepmowm3onaumja 15cm, mantep 1cm
parquet 1.2cm, wood fibre board base 3cm,
natron paper, IMS prefabricated concrete slab
22cm, thermal insulation 15cm, plaster 1cm

0.21

Cnorba Outside
YHyTpa Inside

HEMA M3MEHA
NO CHANGES

215

Cnosba Outside

YHyTpa Inside

6eTOHCKe mnoye 5¢cm, xmuaporsonauyja
(MembpaHa), Tepmousonauuja 25cm,
xuapomsonaymja Tcm, 6ETOH 3a Nag MyH.
5cm), Tep nanunp, Tepmowvsonaumja 2.5cm,
Bpyhu npemas butymera 0.5cm, MIMC
TaBaHMUa 25cm

concrete tiles 5cm, hydro insulation
(membrane), thermal insulation 25cm, hydro
insulation 1cm, concrete laid to fall 5cm min,,
roofing paper, thermal insulation 2.5cm,
bituminous layer 0.5cm, IMS prefabricated
concrete slab 22cm

0.13
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MocTojehe cTarbe Present state

At

[pBeHM, ABOCTPYKM Ca PasMakHy UM
Kpuimma (ycka KyTwuja) v jeAHOCTPYKIM
CTaknom. [lpeeHa ecsiuHeep poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-MaKeToOM
NCNYHEHUM VMHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

|
L

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
YCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cucrem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuwhera
cUcTeMa rpejarba
Heating system
efficiency factor

[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

0.85

[larsnHCKo rpejatrbe Ha docunHa roprisa.
TepmocTaTcky BeHTUW. ModepHy3aLmja
NOACTaHuLe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

0.92 |

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwrsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.

| 0.95




E - nepunoa 1971 -1980. E - period 1971 - 1980

CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

130noBatee fena dacafHuX 310Ba KOHTaKTHOM TePMOM301aLMOHOM GacafoM. PEKOHCTPYKLMjA ClojeBa PaBHOr KPOBa Ca MOCTaB/batbem
Cfloja [JoflaTHe TepMUYKe 3alTnTe. Yrpafrba HOBMX APBEHMX MPO30pa Ca ABOCIOJHUM M30NALMOHUM HUCKOEMUCHOHM CTaKO0-MaKeTOM.
®  Yrpafta TEPMOCTATCKMX BEHTWMA MO CTaHoBMMa. MOAepHY3aLUmja NOACTaHULE YrpafroM CUCTeMa 3a perynalujy npoToka npema
CMOSBbHOJj TeMMepaTypu U MeperbeM UCopyyeHe eHeprije. Hannata npema NoTpoLLHbM MepeHoj y NOACTaHNLN. YTpaarba LLeHTPanHOr cuctema
npvnpeme Tonse BOAE NOBE3aHOr Ca CUCTEMOM rpejatba.

Thermal insulation with a contact facade system of a segment of facade walls. Reconstruction of flat roof layers with installation of additional
thermal protection. Installation of new wooden windows with double-glazed low-emissivity glass unit. ® Installation of termostatic valves
in apartments. Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered
energy measurement. Consumption based billing measured in the substation. Installation of the central system for the hot water preparation
connected to the heating system.

/3onoBarbe Aena pacapgHUX 3140Ba KOHTAKTHOM Tepmoun3onaumoHom dacafoMm. M3onosarbe yHyTpallkbKxX 31A0Ba Npema HerpejaHom
npocTopy. M3onoBarbe xopr3oTanHe KOHCTPYKLUWMjE M3HaZA OTBOPEHOT NPOCTOpa. PEKOHCTPYKLMja ClojeBa PaBHOT KPOBa Ca NOCTaB/batkbem
Cnoja aofaTtHe TepMmyKe 3altuTe. Yrpagra HoBux npo3opa of MBL npoduna ca TPOCNOjHMM M30MaLMOHUM HUCKOEMUCUOHVIM CTaKIIo-
nakeTom. Yrpaarba HOBMX METaNHMX TEPMOW30NOBaHWX BpaTa. @  Yrpadka TePMOCTAaTCKMX BEHTWNa Mo CTaHoBMMa. MopepHu3salmja
NOACTaHNLE yrpaArbOM CUCTEMa 3a perynaLmjy NpoToka npema CrosbHOj TeMnepaTtypu 1 MeperbeM UCNopyyeHe eHepruje. Yrpadra nymne
Ca NPOMEHSbUBIM MPOTOKOM 1 OUMTaBarbem NOTPOLLIHe eHeprije. Hannata npema NoTpoLUHbW MePeHO] y MOACTAHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Toryie BOAe NMoBe3aHor ca CYCTEMOM rpejakba, Ca AOMYHCKUM CUCTEMOM CONapHIX KONEKTopa 3a NOAPLIKY Y Npunpemm
TOMMe CaHUTapHe Boge.

Thermal insulation with a contact facade system of a segment of facade walls. Insulation of interior walls to unheated areas. Insulation of
the floor construction above the outside area. Reconstruction of flat roof layers with installation of additional thermal protection. Installation
of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. ® Installation
of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the outside
temperature and delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption.
Consumption based billing measured in the substation. Installation of the central system for the hot water preparation connected to the
heating system, with additional solar thermal system to support preparation.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 800 800 800
enemMeHata TepMUYKor
OoMOTaya 3rpane 700 700 700
Heat loss through the 600 600 600
thermal envelope
500 500 500
[W/K]
400 400 400

[

300 I 300 300

200 I 200 200
1

I 1OOH I 100
4 7 8 1 4

1 — Crnosbatlitby 3ug, 2 — Mpo3opu 1 6ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 31 Ka HerpejaHom CTeneHunwTy, 5 — 3u ka CycejHoj namenw/aunatauyja,
6 — MehycnpaTHa KOHCTPYKLVja 13Haz OTBOPEHOr MpocTopa, 7 — MehycnpaTHa KOHCTPYKLMja MCMOA HerpejaHor MpocTopa,

8 — MehycnpaTHa KOHCTPYKLWja 13Hag HerpejaHor nogpyma , 9 — PasaH KpoB

1 - External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 - Dilatation wall,

6 — Floor construction to outside area, 7 — Floor construction below unheated area, 8 — Floor construction to unheated basement, 9 - Flat roof

59 (43%)
77 (56%)

Final energy [z ] [ ssoss ]

e (e [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

< I

II- = Emm
2 3 5 6 5 6 7 8 9 1 23 45 6 7 8 9

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcku paspeq

U

Energy class

®uHanHa eHepruja

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)
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E - nepropn 1971 - 1980. E - period 1971 - 1980

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state

EHepruja notpebHa 3a

rpejaroe

Heating energy _

dee [ A A Y A
0 50 100%

[KWh]

EHepreHT

- [amuHcko, docunHa
Fuel ropuea
District heating / fossil fuel

YHanpebhetbe T Improvement 1

[arsuHcko, docunHa
ropuBa
District heating / fossil fuel

YHanpehere 2 Improvement 2

[aruHcko, ocunHa
ropvea
District heating / fossil fuel

lNpumapHa eHepruja

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

lNoTpollrba eHepruje

3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
1 TEPMOTEXHUUKIX
mMepa

Energy consumption
after refurbishment
measures

123619
47%

50 100%

45%

158547
60%

0 50 100%

60%
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CrambeHa 3rpafa y okBupy
rpagckor 6noka

Cnnunm o6jekTy
Similar buildings

>50%

0ooo

0ooo

0ooo
w

Residential building in a row

KaTeropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 1971-1980 Year of construction 1971-1980

Bpoj eTaxa 6 (Mo+Mp+5) Number of floors 6 (B+Gf+5)

bpoj cTaHoBa 15-20 Number of apartments 15-20

MospuinHa (M?) HeTo rpejaHa  800-1000 Area (m?) Net heated 800-1000
3anpemuHa (m?) HeTo rpejaHa 2000-2500 Volume (m?3) Net heated 2000-2500

CrambeHa 3rpaga fenuMmyHo pasyheHe ocHose
(Npema yHyTpaWwHOCTM 6n0Ka), Ca MOBYYEHOM KPOB-
Hom eTaxom. DacafiHy 31AOBKM Cy APMUPAHOOETOHCKM
WAV 31MAAHN NYHOM OMEeKOM WV WynbimM 610KOBMMa Ca
TEPMOM30MALMOHMM COjeM Y NOjeAVHMM CKOMOBMMA.
MacafHy oTBOPM Cy HelwTo Behux AMMEH3Mja, ABOCTPY-
KW, APBEHW Ca CMOJEHUM WAM Pa3MakHyTUM KpWw-
Ma (ycka KyTuja). Y dacaaHoj paBHM 3acTopu Cy "eCivH-
rep” pPofieTHe, a Ha MOBYYEHUM eNeMeHTMMA YHYTpallHbe
nnatHeHe poneTHe. Moapym ce He KopucTw 3a Gopa-
BakK, a Npur3emsbe je CTambeHo, MOHeKaA ca TepuUmjanHmnm
JlenaTHoCTVMa.

A residential building with a partially complex floor
plan (on the inside of the block) and a recessed roof
floor. The fagade walls are of reinforced concrete or built
of solid brick or hollow blocks with a thermal layer in
particular elements. Window-to-wall ratio is relatively
high, with wooden double-framed narrow or wide sash-
es in narrow casing. The shades on the facade plane are
Esslinger shutters while the recessed elements have inte-
rior canvas rollers. The basement is unoccupied while
the ground floor is residential, sometimes with tertiary
businesses.



E - nepunoa 1971 -1980. E - period 1971 - 1980

CrambeHa 3rpafja ca dacafom M3BEAEHOM Y BUAY
KOMOMHaLMje pasnnuuTVX MaTepujana ca YriaBHOM
HeofroBapajyhuMm TepMUUKMM KapakTepucTukama. Ha
Tepmorpamy Cy MpUMETHM rybuLm TonnoTe Y 30H1 apMm-
paHO BETOHCKMX CepKnaxa v CTonapuje, HapoUnTO Kog
KyTWja 3a poneTHe. [MapaneTn u3BeAeHw of dacagHe
oneke cy 6e3 m3onaynje ca n3pasmnTUM rybuymma e je
Moryhe younTu 1 Nooxaj rpejHnx Tena — paaujatopa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
226

A residential building with a facade realized in a
combination of various materials, mostly with inade-
quate thermal characteristics. The thermal image shows
noticeable heat loss at reinforced concrete ring beams
and window constructions, especially at roller shut-
ter boxes. There is intense heat loss through uninsulat-
ed facade brick parapets with visible positions of heat
sources — radiators.

Energy class of building — existing state

Q,,, kWh/(m?a)]
158

<100
<150
<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

U (W/m?K)

Cnorballhsu 31a 2

External Wall 2

U (W/m?K)

31 Ka HerpejaHom
CTeNeHULTY

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka cyceaHoM
00jeKkTy

Wall to the Adjacent
Building

U (W/m?K)

272

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, Tepmomnsonadpja 3cm,
6eToH 25cm

plaster 2cm, thermal insulation 3cm,
reinforced concrete wall 25cm

YHanpeherbe 1 Improvement 1

manTep 2cm, Tepmowm3sonaumja 3 cm, 6eToH
25cm, Tepmowzonaumja 10cm, mantep Tcm
plaster 2cm, thermal insulation 3cm,
reinforced concrete wall 25cm, thermal
insulation 10cm, plaster Tcm

YHyTpa Inside
Cnosba Outside

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, Tepmow3sonaumja 3cm, 6eToH
25cm, Tepmomsonaumja 20cm, mantep 1 cm
plaster 2cm, thermal insulation 3cm,
reinforced concrete wall 25cm, thermal
insulation 20cm, plaster Tcm

1.12 0.26 0.15
[} () () [} (] (9]
S o hel S hel °
£ g g g g g
g 3 g = g 5
= = =
> 2 > 2 > 2
5 e 3 e 3 0
(@] (@) (o]
ManTep 2cm, NyHa oneka 25cm ManTep 2cm, MyHa oneka 25cm, ManTep 2cm, myHa oneka 25cm,
plaster 2cm, solid brick wall 25cm Tepmom3onauuja 10cm, mantep Tcm, Tepmom3onauyuja 20cm, mantep 1.cm,
dacagHa obnora 1cm dacagHa obnora 1cm
plaster 2cm, solid brick wall 25cm, thermal plaster 2cm, solid brick wall 25cm, thermal
insulation 10cm, plaster 1cm, facade insulation 20cm, plaster 1cm, facade cladding
cladding Tcm Tcm
1.75 0.28 0.16
sl < < s} < ]
© O © I (@] © O
2 3 2 3 2 3
=3 e £ B= e = °
(@] (@) (o]
ManTep 2cm, oneka 25cm, mantep 2cm HEMA U3MEHA ManTep 2cm, oneka 25cm, mantep 2cm,
plaster 2cm, hollow brick wall 25cm, plaster 2cm NO CHANGES TepmMou3sonaumja 5cm, rmnc KapToHCKe miove
1.25cm
plaster 2cm, hollow brick wall 25cm, plaster
2cm, thermal insulation 5¢cm, gypsum board
1.25cm
1.46 1.46 045
[ [ [ [ [ (9]
S ° hel e, hel °
£ g 2 2 2 g
(@] (@] @]
g = g8 = g8 =
e 5 T 5 B 5
= e = e = 2
(@] (@) (@]
Mantep 2cm, Tepmousonaumja 3cm, Habujern HEMA M3MEHA rUNC KapTOHCKe nnoye 1.25cm,
6eToH 20cm NO CHANGES Tepmou3onaluja 5cm, Mantep 2cm,
plaster 2cm, thermal insulation 3cm, rammed Tepmow3onaumja 3cm, HabujeHn 6eToH 20cm
concrete wall 20cm gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, thermal insulation 3cm,
rammed concrete wall 20cm
1.09 1.09 0.41




E - nepropn 1971 - 1980. E - period 1971 - 1980

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(nonpym)

Floor Construction to
Unheated Area
(Basement)

U (W/m?K)

MebycnpaTHa
KOHCTPYyKUWja ncnog
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

PaBaH KpoB

Flat Roof

MocTojehe cTarbe Present state
YHyTpa Inside

Cnosba Outside

napkeT 2cm, 6AnHAMT 3cm, NepauT 6eToH
15cm, apMrpaHobeToHCKa nnoda 20cm
parquet 2cm, wood cement screed 3cm,
lightweight perlite concrete 15cm, reinforced
concrete slab 20cm

0.53

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.53

Cnosba Outside

YHyTpa Inside

nepnut mantep 5cm, Ab nnoua 20cm
lightweight perlite concrete 5¢cm, reinforced,
concrete slab 20cm

1.49

Cnorsba Outside

YHyTpa Inside

LiemMeHTHa KowwyrbiLa 4cm, TepmMovionaumja
10 cm, nepnut mantep 5¢cm, AB nnoya 20cm
cement screed 4cm, thermal insulation 10cm,
lightweight perlite concrete 5cm, reinforced,
concrete slab 20cm

0.30

Cnosba Outside

YHyTpa Inside

6eToHCKe nnoye 4cm, necak 3cm
xuapomnsonauuja 1cm, nepauT Mantep 5cm,
AB nnoya 22cm

concrete tiles 4cm, sand 3cm, hydro
insulation 1cm, lightweight perlite concrete
5cm, reinforced concrete slab 22cm

1.38

Cnorba Outside

R A

YHyTpa Inside

6eToHCKe Mnnove 4cm, x1apoun3onauwja,
Tepmousonauuja 20cm, xmapounsonauvija
1cm, nepnut mantep 5cm, Ab mnoua 22cm
concrete tiles 4cm, hydroinsulation, thermal
insulation 20cm, hydro insulation 1cm,

lightweight perlite concrete 5¢cm, reinforced
concrete slab 22cm

0.17

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

napket 2cm, 6MHANT 3cm, nepnnT 6eToH
15cm, apmripaHobeToHCKa nnova 20cm,
Tepmonsonaumja 10cm, runc KapToHcKe
nnove 1.25cm

parquet 2cm, wood cement screed 3cm,
lightweight perlite concrete 15cm, reinforced
concrete slab 20cm, thermal insulation 10cm,
gypsum board 1.25cm

0.22

Cnosba Outside

A

YHyTpa Inside

LleMeHTHa Kowysbuua 4cm, Tepmomn3sonaluja
20cm, nepnut mantep 5cm, Ab nnoua 20cm
cement screed 4cm, thermal insulation 20cm,
lightweight perlite concrete 5cm, reinforced,
concrete slab 20cm

0.17

Cnosba Outside

ey

YHyTpa Inside

6eTOHCKe nnoye 4cm, xmuapovsonauuja,
Tepmowusonaumja 25cm, xuaponsonaumja
1cm, nepnuT mantep 5¢m, Ab nnova 22cm
concrete tiles 4cm, hydroinsulation, thermal
insulation 25cm, hydro insulation 1cm,

lightweight perlite concrete 5cm, reinforced
concrete slab 22cm

0.14
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MocTojehe cTarbe Present state

e
- 5

[pBeHM, ABOCTPYKM Ca CMOjeHNM Kpunnma

1 jeHOCTPYKMM CTakIoM. [lpBeHa ec/iuHeep
poneTHa

Wooden, single frame, connected double
sash with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-MaKeToOM
NCNYHEHUM VMHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
YCNYHEHUM VHEPTHUM racom

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

3.30 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cUcTeMa rpejarba
Heating system
efficiency factor

[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

0.85

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
NOACTaHuLe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

0.92 |

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwrsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.

| 0.95




CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boae

Hot water system

EnekTpuunu 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cnuctem npunpeme
noBe3aH ca CMCTEMOM rpejatba.
/3merbrBay TonnoTe ca
CNPEMHNKOM Y MOACTaHULIN.

E - nepunoa 1971 -1980. E - period 1971 - 1980

YHanpeherbe 2 Improvement 2

i
U'eHTpaJ'IHI/\ cancTem npunpeme
NnoBe3aH ca CUCTEMOM rpejarba 1
CUCTEMOM COMapHKX KONEKTOPaA.

M3merbrBay Tonnote ca
CNPEMHNKOM Yy NoACTaHNLN.

Central supply with a domestic -

hot water connected to the Central supply with a domestic hot

heating system. Heat exchanger in water connected to the heating

substation. system and a solar thermal system.
Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

/130n0Bate PpacafHyIx 3140Ba KOHTAKTHOM TEPMOV30M1aLIMOHOM dacaziom (Ca MECTUMMUYHOM annmKkaumrjom GpacagHyx naoumua y MnTaumjn
oneke). PeKOHCTPYKLWja CnojeBa paBHOT KPOBa Ca MOCTaBsbakbeM Coja JoAaTHe TePMUUKe 3aLuTuTe. M3010Barbe XOpU30oHTanHe KOHCTPYKLmMje
npema HerpejaHoM TaBaHy. Yrpafitba HOBUX [PBEHMX MPO30pa Ca ABOCNOJHUM M30NALMOHUM HUCKOEMUCUOHUM CTaKfo-Naketom. @
Yrpaftrba TepMOCTATCKMX BEHTWMNA NO CTaHOBKMa. MogepHm3salmja NoACTaHMLe yrpadboM CUCTEMA 3a perynauunjy NpoToka npema CrnosbHoj
TemnepaTtypu 1 Meperem ucropydeHe eHepruje. Hannata npema noTpowrbi MepeHoj y MOACTaHWUUMW. Yrpadkea LEHTPanHor cucTema
npvinpeme Tonse BOAE NOBE3aHOr Ca CUCTEMOM rpejatba.

Thermal insulation of facade walls with a contact facade system (with imitation fagade brick cladding in parts). Reconstruction of flat roof
layers with installation of additional thermal protection. Insulation of the floor construction to the unheated attic. Installation of new wooden
windows with double-glazed low-emissivity glass unit. @ Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption based
billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system.

/130n0Bate PpacagHyIx 310Ba KOHTAKTHOM TEPMOV30MaLIMOHOM dacaiom (Ca MECTVMMYHOM annvkaumjom GpacagHyx naoumua y uMnTaumjn
oneke). 13onoBarbe yHyTpalHbUX 31M0Ba NPpema HerpejaHom NpocTopy (XOAHWK/CTeneruwTe). V3onosarbe 31uaoBa Ka CycefiHUM objeKTrima
Ca yHyTpawe cTpaHe. [lofaTHO M300Barbe PaBHOM KPOBa. VI30M10Barbe XOPU3OHTANHUX KOHCTPYKLMjA Npema HerpejaHom noapymy 1
TaBaHy. Yrpada Hosux npo3opa of MBLl npoduna ca TPOCNOjHNM M30NALMOHNM HUCKOEMUCUOHMIM CTaKNO-NakeToM. Yrpafrba MeTanHux
TEPMOM30/10BaHNX BpaTa. ®  Yrpadrba TEPMOCTATCKMX BEHTWIA MO CTaHOBMMA. MoAepHWM3aLmja NoACTaHWUE Yrpadrom cucTema 3a
perynauvjy npoToka npema CnosbHOj TemnepaTypu U Mepersem UCNopyyeHe eHepruje. Yrpadka Mymne ca NpOMEHbUBIM MPOTOKOM
OuMTaBaHeM MOTPOLUHE eHepryje. Hannata npema NoTpoLW M MEPEHO; Yy MOACTaHULM. Yrpaarba LIeHTPaHOT C1cTema Nprnpeme Torne Boge
NoBe3aHOr Ca CUCTEMOM rpejatba, Ca [OMYHCKVM CUCTEMOM CONapHYIX KONeKTopa 3a NOAPLUKY Y NpUnpemi Tomne CaHnTapHe Boge.

Thermal insulation of facade walls with a contact fagade system (with imitation fagcade brick cladding in parts). Insulation of interior walls to
unheated areas (hallway/stairway). Insulation of walls to the adjacent buildings from the inside. Additional insulation of the flat roof. Insulation
of floor constructions to the unheated basement and attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit.
Installation of new, thermally insulated, metal doors.  ® Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump
with variable flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 300 300 300
enemeHaTa TepMUYKOr
OmOTaua 3rpage 700 I 700 700
Heat loss through the 600 600 600
thermal envelope

500 500 500
[W/K] I

400 I 400 400

300 I 300 300

200 I i 200 i 200

100 . 100 | 100

1T 2 3 4 5 6 7 8 1T 2 3 4 5 6 7 8 12 3 4 5 6 7 8

1 — Cnosalutby 31, 2 — Mpo3opu v 6ankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom CTeneHnTy, 5 — 31a Ka CyceiHoM 06jexTy,
6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpaTHa KOHCTPYKLUMja Ka HerpejaHom TaBaHy, 8 — PaBaH Kpos

1 - External wall, 2 = Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Wall to the adjacent building,
6 - Floor construction to unheated basement, 7 - Floor construction to unheated attic, 8 - Flat roof
CneunduruHa rogniirba
notpebHa eHepruja 3a
rpejarce
Specific Heating Energy
demand per year

77 (49%) 112 (71%)

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcki paspes

Energy class

®uHanHa eHepruja

Final energy [ wee ] [Ceen | [erer7 ]

e (e [ e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)



E - nepviog 1971 - 1980. E - period 1971 - 1980

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHeprunja notpebHa 3a

rpejarbe

Heating energy |_| e
demand 0 50 100%
[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropunea
District heating / fossil fuel

YHanpebhetbe 1 Improvement 1

[arsuHcko, docmnHa
ropuBa
District heating / fossil fuel

YHanpehere 2 Improvement 2

[amuHcko, ocunHa
ropvea
District heating / fossil fuel

MpviMapHa eHeprija

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

[ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBMHCKIX
1 TEPMOTEXHUYKMX
mMepa

Energy consumption
after refurbishment
measures

140034
52%

50 100%

52%

197977
73%

73%
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E6
E6

CrambeHa 3rpafa Benvke
CNPaTHOCTU - CONUTEP

CnnyHm 06jekTn

Similar buildings
I
1 CLI T
1 A
1
2 A

High-rise residential building

Kateropuja BMLLENMOPOANYHO CTaHOBare — Category multifamily housing
[oanHa n3rpagre 1971-1980 Year of construction 1971-1980

bpoj eTaxa 16 (Mo+MMp+15) Number of floors 16 (B+Gf+15)

bpoj ctaHoBa 90 Number of apartments 90

MoepwwHa (M?) HeTo rpejaHa 4600 Area (m?) Net heated 4600

3anpemuHa (m?) HeTo rpejaHa 12000 Volume (m?) Net heated 12000

278

CrambeHn conutep jelHOCTaBHe, KOMMaKTHe OCHO-
BE Ca PaBHVM KDPOBOM U MOBYYEHOM KPOBHOM ETaXXOM.
MacafHu 31aoBK cy NpedabprKoBaHN aPMUPAHOOETOH-
CKN, "CeHABMY” KOHCTPYKLUMje ca TepMOM30MaLMOHIM
cnojem. ®acagHun oTBOPU Hajuelwhe GopmMmpajy NPo3opc-
Ke Tpake. [Npo30opw Cy ABOCTPYKM [PBEHN Ca CMOjeHNM
WM pasmMakHyTUM Kpuima (ycka KyTuja), onpemsbeHn
APBEHOM CMOJballbOM "eCIMHIER” Un  YHYTPaWHOM
MIaTHEHOM POMETHOM. TaBaHWLe Cy MOHTaXHEe apmu-
paHobeToHCke. ogpym ce He KOpUCTW 3a bopaBak, a
npu3emsbe je NPeTeXHO CTaMbeHO.

A residential high-rise tower with a simple compact
floor plan, a flat roof and a recessed roof floor. The walls
are prefabricated reinforced concrete sandwich construc-
tions with a thermal insulation layer. Facade openings are
mostly organized in ribbons. The windows are wooden
double-framed narrow or wide sashes in narrow casing,
fitted with either exterior wooden Esslinger shutters or
interior canvas roller shades. There are prefabricated
reinforced concrete floor constructions. The basement is
unoccupied while the ground floor has a primarily resi-
dential function.
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CrambeHn conutep ca dacagHum 3u4oBMMA OA
npedabprikoBaHyx OETOHCKMX MaHena. TepmMorpam
npvikasyje rybutke Tonnote Ha mectma MehycobHMxX
CrojeBa NaHena Kao W'y OKBUMPY HUXOBE CTPYKTYpE: Bee
Hoceher v 3aBPWHOr C/10ja, HAPOUNTO Ha MapaneTHUM
enemeHTVMa. CriojeBu nnoda Tepaca v dpacagHux 3mao-
Ba Ce KapaKTepuily W3pasnTiM NNHUCKUM TyOuLMmMa.
(MacagHa cTonapuvja nower KeanuteTa ca MpPUMETHUM
TOMAOTHUM ryBuLMMa.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]

191

E - nepunopa 1971 -1980. E - period 1971 - 1980

A residential high-rise tower with facade walls built
of prefabricated concrete panels. The thermal image
shows heat loss at connections between panels and
within their structure: connections between load bear-
ing and final layers, especially parapet elements. Intense
linear heat loss is characteristic at connections between
terrace slabs and facade walls. Facade fenestration is of
poor quality and shows noticeable heat loss.

Energy class of building — existing state

QH’n s [kWh/(m?a)]
134

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

U (W/m?K)
Cnorballhsu 31a 2

External Wall 2

U (W/m?K)
Cnosbalbn 3ug 3

External Wall 3

U (W/m?K)

3ua Ka HerpejaHom
CTEMEHULTY

Partition Wall
to Unheated Staircase

U (W/m?K)

280

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

6eToH 16¢m, TepMow3onaumja 4cm, 6eToH 6cm

concrete 16¢m, thermal insulation 4cm,
concrete 6cm

o

8

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

6eToH 16cm, Tepmom3sonaunja 4cm, 6eToH
6cm, Tepmomsonaupja 10cm, mantep 1cm
concrete 16cm, thermal insulation 4cm,
concrete 6¢m, thermal insulation 10cm,
plaster Tcm

0.24

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

6eToH 16cm, Tepmonzonauuja 4cm, beToH 6¢m,

Tepmomsonauuja 20cm, mantep 1cm
concrete 16cm, thermal insulation 4cm,
concrete 6¢m, thermal insulation 20cm,
plaster Tcm

0.14

1

6eToH 7.5cm, TepmousonaLja 4cm, 6eToH
3.5cm

concrete 7.5cm, thermal insulation 4cm,
concrete 3.5cm

YHyTpa Inside
Cnosba Outside

YHyTpa Inside
Cnoma Outside

6eToH 7.5¢cm, Tepmov3onaLivja 4cm, 6eToH
3.5cm, Tepmomsonaumja 10cm, mantep 1cm
concrete 7.5cm, thermal insulation 4cm,
concrete 3.5cm, thermal insulation 10cm,
plaster Tcm

YHyTpa Inside
— -
SN
Cnosba Outside

6eToH 7.5¢cm, Tepmom3onaLimja 4cm, 6eToH 3.5
cm, Tepmomsonauuja 20cm, Mantep 1cm
concrete 7.5cm, thermal insulation 4cm,
concrete 3.5cm, thermal insulation 20cm,
plaster Tcm

0.84 0.24 0.14

[} (] [ (5] [ (9]

ke, ° hel e, ° °

2 B 2 2 2 g

g8 S B S B o

5 £ 5 i 5 2

= e = g = e
(@] (@) (@]

nsepvita 16mm, anymmHmnjymcka donuija, HEMA N3MEHA HEMA 3MEHA

rpeaunue 5/10 Ha 60cm ca UcnyHom of NO CHANGES NO CHANGES

TepMonsonaumje, CanoHUT 8mm

particle board 16mm, aluminium foil,

batten 5/10 at 60cm distance with thermal

insulation infill, corrugated fiber cement

sheeting 8mm

0.40 040 040

[ [ [ [ [ (9]

S ° hel e, hel °

2 g 2 g 2 £

g s & S S

s iy £ e s 2

= e = e = e
(@] (@) (@]

AB 31p 25cm HEMA N3MEHA AB 31 25cm, Tepmonsonaumja 5ecm

reinforced concrete wall 25cm NO CHANGES MAMNC KAPTOHCKe nnove 1.25 cm

reinforced concrete wall 25cm, thermal
insulation 5cm, gypsum board 1.25cm
273 273 0.53




CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

MehycnpaTHa
KOHCTPYKUWja ncnog
HerpejaHor npocTopa

Floor Construction to
Unheated Area

U (W/m?K)

PaBaH Kpos

Flat Roof

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnospa Outside

napket 2.2cm, bnopbut 3cm, MoHTaxHa

6eToHCKa TaBaHMLa 18cm

parquet 2.2cm, wood cement base 3cm,
prefabricated hollow-core concrete slab 18cm

1.31

YHanpeherbe 1 Improvement 1

YHyTpa Inside

NI

Cnosba Outside

napkeT 2.2cm, GnopbuT 3cm, MOHTaxHa
6eToHCKa TaBaHwMUa 18cm, Tepmou3sonaumja

8cm, mantep Tcm

parquet 2.2cm, wood cement base 3cm,
prefabricated hollow-core concrete slab 18cm,
thermal insulation 8cm, plaster Tcm

0.34

Cnosba Outside

YHyTpa Inside

Kepamuyke nnounte Tcm, dnopowut 3cm,
MOHTaXKHa 6ETOHCKa TaBaHMLa 18cm
ceramic tiles 1cm, wood cement base 3cm,
prefabricated hollow-core concrete slab 18cm

1.89

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

1.89

E - nepunoa 1971 -1980. E - period 1971 - 1980

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

napket 2.2cm, dbnopbut 3cm

MOHTaXKHa 6eToHCKa TaBaHuMLa 18cm,
Tepmonsonauuja 15cm, mantep 1cm
parquet 2.2cm, wood cement base 3cm,
prefabricated hollow-core concrete slab 18cm,
thermal insulation 15cm, plaster Tcm

0.21

Cnospa Outside
_—

YHyTpa Inside

6eToHCKe nnoye 3cm, necak 2 cm,
xupgpounsonauuja 1cm, LeMEHTHa KolybrLa
2cm, Tep nanup, TepMovzonaumja 5em,

€110j 3@ Naj MUH 5CM, MOHTaKHa 6ETOHCKa

TaBaHuUa 18cm

concrete tiles 3cm, sand 2cm, hydro insulation
1cm, cement screed 2cm, roofing paper,
thermal insulation 5cm, concrete laid to fall
5cm, prefabricated hollow-core concrete floor

slab 18cm

1.41

Cnosba Outside

N Y Y Y Y Y Y Y

A'A!A!;!A!;!tli'p!

YHyTpa Inside

LieMEeHTHa KOLWysbrLa 4Cm, XMAPOM30aLwmja,

LieMeHTHa KowWysbuLa 4-6¢cm,

Tepmom3ornauymja 20cm, napHa 6paHa,
MOHTaxHa 6EeTOHCKa TaBaHMLa 18cm

cement screed 4cm, hydro insulation, cement
screed 4-6¢m, thermal insulation 20cm,
vapour barrier, prefabricated hollow-core

concrete slab 18cm

0.18

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

1.89

Cnospa Outside

YHyTpa Inside

LIeMeHTHa Kowysbiua 4cm, xvgpovizonaumja,
LieMeHTHa KoLWysbuua 4-6¢cm,
Tepmom3onauyumja 25cm, napHa 6paHa,
MOHTa>KHa 6eTOHCKa TaBaHMua 18cm
cement screed 4cm, hydro insulation,
cement screed 4-6¢cm, thermal insulation
25cm, vapour barrier, prefabricated hollow-
core concrete slab 18cm

0.15
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

CucTem 3arpeBatba
npocTopuja

MocTojehe cTarbe Present state

.
&,

[pBeHW, ABOCTPYKM Ca pa3MakHyT!M
Kpuimma (ycka KyTwuja) v jeAHOCTPYKIM
CTaKNoM. YHyTpalltba nnaTHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

YHanpeherbe 1 Improvement 1

e
- .

[lpBeH ca iBOCOjHIM M30NALMOHM
HUCKOEMUCHOHIM CTaK/0-MaKeToOM
NCNYHEHUM VMHEPTHUM racom

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
YCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kprno ca TepmMon301aUrioHOM
- - NCMYHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50
Cucrtemm rpejal-ba n npunpeme Tonsne soge Heating and hot water system

V 4--:_:

N N

Heating system

CreneH nckopuwhehsa
cucTema rpejarba
Heating system
efficiency factor

[armmHcKo rpejatbe Ha docrnHa roprsa

District heating system (fossil fuel)

0.85

[larbnHCKo rpejarbe Ha pocunHa roprsa.
TepmocTatckn BeHTUNN. MoaepHu3auwja
NOACTaHuLEe - perynaumja npema crnosbHoj
TemnepaTtypu. Hannata npema noTpoLutbi
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

0.92 |

[larbnHCKo rpejarbe Ha GocunHa ropyisa.
TepmocTatckn BeHTUnn. MogepHusaumja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypu.
Hannata npema notpouwsm

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.

| 0.95




E - nepunoa 1971 -1980. E - period 1971 - 1980

CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Batbe GacafiHUX 31A0Ba KOHTAKTHOM TEPMOM30MaLMOHOM (Gacafom. M30n0Barbe XOPU3OHTaNHE KOHCTPYKLUMjE W3Hah HerpejaHor
nogpyma. PeKOHCTpyKUWja crojeBa paBHOr KPOBa Ca MOCTaB/barbeM HOBOT C/10ja TepMUYKe 3aluTuTe. YrpaArba HOBUX OPBEHMX Mpo30opa
Ca [ABOC/IOjHVM U30MALMOHNM HUCKOEMUCUOHMM CTakno-naketoM. @  Yrpafrba TEPMOCTATCKMX BEHTWMA NO CTaHOBMMA. MoaepH#3aLvja
NOACTaHNLE YrpaiHOoM CUCTEeMa 3a Perynauyjy NpoToKa Nnpema CrosbHOj TEMNEPaTypy 1 Meperbem UCnopydeHe eHeprije. Hannata npema
NOTPOLLHM MEPEHO] Y MOACTaHNLM. Yrpafitba LIeHTPaNHOr C1cTema Npunpeme Torne Bofe NoBe3aHor Ca CUCTEMOM rpejarba.

Thermal insulation of facade walls with a contact facade system. Insulation of the floor construction above the unheated basement.
Reconstruction of flat roof layers with installation of thermal protection. Installation of new wooden windows with double-glazed low-
emissivity glass unit. ® Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system
in accordance to the outside temperature and delivered energy measurement. Consumption based billing measured in the substation.
Installation of the central system for the hot water preparation connected to the heating system.

/130n0Batbe dacaHmx 31A0Ba KOHTAKTHOM TepMOV30NnaLMoHOM Gacafom. V130n0Barbe yHyTpalbyiX 3140Ba NpemMa HerpejaHom npoctopy
(xopHuK/CTeneHuwwTe). Vi30n10Barbe XOPU3OHTaNHe KOHCTPYKUMje 13HaA HerpejaHor Noagpyma. PeKOHCTpyKUMja CnojeBa paBHOr KpoBa Ca
nocTas/barbemM HOBOT Croja TepMUUKe 3alTiTe. Yrpafrba HOBYX Npo3opa of MBLL npoduna ca TPOCNOjHIM U30NALMOHMM HUCKOEMCUOHIM
CTaKNO-NakeToMm. Yrpaftba HOBYX METaNHMX TEPMOV30N0BaHUX BpaTa. @ Yrpaftba TEPMOCTATCKMX BEHTUIA NO CTaHOBMMA. MoaepHY3aLwja
NOACTaHNLE yrpaArbOM CUCTEMa 3a PerynaLmjy NpoToka npema CrosbHOj TeMnepaTtypu 1 MeperbemM UCNopyyeHe eHepruje. Yrpadra nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbem NOTPOLLIHe eHeprije. Hannata npema NoTpoLUtbW MePeHO] y NOACTAHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Torie BOAe NMOBe3aHor ca CYCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM CONapHIX KONEKTopa 3a NOAPLIKY Y Npunpemm
TOM/e CaHUTapHe Boge.

Thermal insulation of fagade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation
of the floor construction above the unheated basement. Reconstruction of flat roof layers with installation of thermal protection. Installation
of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. ® Installation
of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the outside
temperature and delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption.
Consumption based billing measured in the substation. Installation of the central system for the hot water preparation connected to the
heating system, with additional solar thermal system to support preparation.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Tonnothu ry6num 4000 4000 4000
enemeHara TepMUYKor
OoMOTaua 3rpage 3500 3500 3500
Heat loss through the 3000 3000 3000
thermal envelope
2500 2500 2500
[W/K]
2000 2000 2000
1500 1500 1500

i 1000 i 1000
500 500 &

1 | 111! 1

3 4 5 6 7 4 7 4 5

12 3
1 - Cnosalutby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 3u/ Ka HerpejaHom cTeneruiuTy, 5 — MehycnpaTHa KOHCTpyKLUmja
M3Hag HerpejaHor noapyma, 6 — MehycnpatHa KOHCTPYKLUMja MCMOA HerpejaHor NpocTopa, 7 — PaBaH Kpos

1000

500

-
12 7

6

1 - External wall, 2 = Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Floor construction to unheated
basement, 6 — Floor construction below unheated area, 7 — Flat roof
[kWh/m?/ year]

EHepreTcku paspeq

- | ) c D

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final eneray [ ewse ] [ 2ee ] [ 14057
I P

[ O [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)
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E - nepropn 1971 - 1980. E - period 1971 - 1980

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpehere 2 Improvement 2
EHepruja notpebHa 3a
rpejaroe
destingenergy | 2428 T [[2szie2 ] [ Jranes
dee [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

lNpumapHa eHepruja

Primary energy
[KWh]
810442 1017474
63% 79%
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100% 0 50 100% 0 50 100%

MoTpolutba eHepruje

3a rpejakbe HakoH

npumMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

mMepa

Energy consumption 5
after refurbishment

measures

79%
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01
F1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm o6jekTy
Similar buildings

O

<50%

oo
! oo

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oanHa n3rpagre 1981-1990 Year of construction 1981-1990
bpoj eTaxa 2 (Mp+1) Number of floors 2 (Gf+1)

bpoj ctaHoBa 1 Number of apartments 1

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

CnpatHa Kyha KOMNakTHe MpaBOyraoHe OCHOBE,
Ca [BOBOJAHVM KPOBOM M BEIMKMM TaBaHCKMM MpOC-
TOPOM KOjW Ce He KopuCTh 3a 6bopasak. CNosbHN 3110~
BM CY MAaCVBHW, 3vaHV MyHOM OMEKOM W ManTepucaHn
v pabeHr Kao "ceHaBmy” KOHCTpyKUMja ca dpacagHom
OMEeKOM Kao 3aBpLIHOM obpafom. po3opu Cy ApBeHY,
CTaHAAPAM30BaHNX AVMEH3Ma, Hajuelwhe ca "ecnuHrep”
ponetHama. TaBaHuMLEe Cy MNOAYMOHTaxHe apMupaHobe-
TOHCKe KOHCTPYKLMje Ca MCMYHOM Off LYMNSbKxX OoneKap-
CKMX enemeHarTa.

A one-storey house with a compact rectangular floor
plan, a pitched roof and a spacious unoccupied attic.
The massive external walls were built of solid brick and
rendered, or are sandwich constructions with facade
brick cladding. The standard-size wooden windows are
usually equipped with Esslinger roller shutters. The rein-
forced concrete floor constructions are semi-precast
with hollow clay infill elements.



MopoaruHa kyha ca MacvBHUM 310BKMa Of Oreke
1 dacajoM HaKHaAHO M30M0BaHOM Y 30HM ManTepuc-
aHe dacagHe obpage. KoHCTpyKuMja npo3opa 1 ynas-
HWX BpaTa je Heoarosapajyha ca NpUMeTHVM TOMNOTHIM
ryéuumma. Kyha ce He rpeje y uenoctv a ycnep noburaka
Of} CyHUEeBOr 3paderba CToNapwja Ha AeCHOj NONoBUHY ce
04MTaBa Kao Tonnuja.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

452

® - nepuopg 1981 - 1990. F - period 1981 — 1990

A family house with massive brick walls and subse-
quent addition of thermal insulation in the rendered
fagade zone. The window and entrance door construc-
tions are inadequate, showing noticable heat losses. The
house is not entirely heated. The window constructions
on the right have higher temperature readings due to
solar heat gains.

Energy class of building — existing state

Q,,, kWh/(m?a)]
339

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

MperpaaHu 31a Ka
HerpejaHomM NpocTopy

Partition Wall
to Unheated Area

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 31A Of oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA Of oneke 25cm,
ManTep 2cm, Tepmousonauuja 10cm,
mMantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA Of oneke 25cm,
manTep 2cm, Tepmomsonauuja 20cm,
mMantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

1.70 0.28 0.15

[ (9] (] [} [

© ) ) o )

= Z Z Z z

= s = |P= 3 =

2 3 2 3 2

T 5 > | 5 z

> c > c >

(@} ]

Mantep 2cm, 3ug of oneke 25cm, HEMA N3MEHA ManTtep 2cm, 314 of oneke 25cm,

Mantep 2cm - ManTtep 2cm, Tepmonsonaumja 5ecm,

- NO CHANGES FMNC KapTOHCKe nnoye 1.25cm

plaster 2cm, brick wall 25cm, plaster 2cm -
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, gypsum board
1.25cm

148 1.48 045




® - nepunog 1981 - 1990. F - period 1981 - 1990

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MehycnpaTHa
KOHCTPYKLWja NCMOA
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MehycnpaTHa
KOHCTPYKLUMWja 13Haz
HerpejaHor NpocTopa

Floor Construction
to Unheated Area

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

NapKeT Ha Nenky 2.2cm, LeMeHTHa
KoLysbrLa 5cm, xuapoursonauuja 1cm,
HabujeHn 6eToH 10cm, wibyHak 10cm

parquet 2.2cm glued, cement screed 5cm,
hydro insulation Tcm, rammed concrete
10cm, gravel 10cm

0.65

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLwysbyLia 3cm, TM3 TaBaHuLa
20cm, manTep 2cm

cement screed 3cm, TM3 slab with hollow
clay block 20 cm, plaster 2cm

245

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.65

Cnora Outside

YHyTpa Inside

Tepmomsonaumja 10cm, uemeHTHa
KoLwybuua 3cm, TM3 taBaHmua 20cm,
mManTep 2cm

thermal insulation 10cm, cement screed
3cm, TM3 slab with hollow clay block 20 cm,
plaster 2cm

0.30

YHyTpa Inside

Cnosba Outside

NapKeT Ha Nnenky 2.2cm, LemMeHTHa
Kowysbuua 3cm, TM3 TaBaHmua 20cm,
Mantep 2cm

parquet 2.2cm glued, cement screed 3cm,

TM3 slab with hollow clay block 20 cm,
plaster 2cm

148

YHyTpa Inside

Cnosba Outside

MapKeT Ha Nenky 2.2cm, ueMeHTHa
Kowysrbuua 3cm, TM3 taBannya 20cm
ManTep 2cm, Tepmousonaupja 10cm,
mManTep 1cm

parquet 2.2cm glued, cement screed 3cm,
TM3 slab with hollow clay block 20 cm,
plaster 2cm, thermal insulation 10cm,
plaster Tcm

0.30

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, LieMeHTHa KoLWy/buua 3¢m,
Tepmousonaumja 2cm, xmapovsonauuja 1cm,
HabujeHn 6eToH 10cm, WwibyHak 10cm

parquet 2.2cm, cement screed 3cm, thermal
insulation 2cm, hydro insulation 1cm,
rammed concrete 10cm, gravel 10cm

0.44

Cnosba Outside

YHyTpa Inside

TepmMovizonaumja 25cm, LemMeHTHa KOoLLysbiLa
3cm, TM3 taBaHuua 20cm, Mantep 2cm
thermal insulation 25cm, cement screed
3cm, TM3 slab with hollow clay block 20 cm,
plaster 2cm

0.13

YHyTpa Inside

Cnosba Outside

NapKeT Ha Nenky 2.2cm, LeMeHTHa
Kowysbuua 3cm, TM3 TaBaHmua 20cm,
Mantep 2cm, Tepmonsonaumja 15cm,
Mantep 1cm

parquet 2.2cm glued, cement screed 3cm,
TM3 slab with hollow clay block 20 cm,
plaster 2cm, thermal insulation 15cm,
plaster Tcm

0.19
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

Cnctem 3arpeBarba
npocTopwja

MocTojehe cTarbe Present state

-+
RS

[lpBeHw ca ABOCIIOjHMM M301aLMOHIIM
CTaK/I0-MaKeTOM, NacTUUHa ec/iuHzep
poneTHa

Wooden, double glazed unit, plastic roller
blind

YHanpeherbe 1 Improvement 1

-
s

[lpBEHU Ca ABOCNOjHIM U3051aLMOHM

HICKOEMUCUOHUM CTaK/O-MakeTom
UCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.00 1.50 1.00
[lpBeHa, Kpuno of nyHor ApeeTa HEMA M3MEHA [pseHa nnw MBL, kpuno ca
- - TePMOU30MaLMOHOM UCMyHOM
Wooden, solid wood leaf NO CHANGES -
Wooden or PVC, insulated leaf
3.00 3.00 1.50
Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system
‘ |- ﬁ - ﬁ

Heating system

CreneH nckopuuiherba
cvcTema rpejarba

Heating system
efficiency factor

292

MojeanHauHe nehu Ha yrasm

Single coal stove

LleHTpanHm cuctem rpejarba,
HUCKOTEMMEePaTYPHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)

Central heating with a low temperature gas
boiler (option - biomass boiler for pellets
or logs)

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHM KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/MeneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



® - nepunog 1981 - 1990. F - period 1981 - 1990

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
1,
: 95
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- Tonne CaHMTapHe BOAE NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH
Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water — DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/13onoBarbe dpacapHvx 31[0Ba KOHTAKTHOM TepMOM30naUMoHOM dacafom. VI3onoBare XOPU3OHTanHe KOHCTPyKUMje M3Haf HerpejaHor
npocTopa. V3onoBarbe XOPU3OHTANIHE KOHCTPYKLMjE Mpema HerpejaHoM TasaHy. Yrpafhba HOBUX APBEHMX MpO30pa ca ABOCIOJHUM
130M1aLMOHNM HVCKOEMUCUOHVIM CTaKO-NakeTom. @ VIHCTanauwja LeHTpanHor cUcTema rpejarba v nprnpeme Torne caHuTapHe Bode ca
HUCKOTEMMePaTYPHUM KOTNIOM Ha 3eMHM rac. HUCKoTemnepaTypHU CUCTEM rpejakba Ca M3010BaHVM LEBHUM BOLOBMMA U BPEMEHCKMM/
TemMnepaTypHUM perynaTopuma.

Thermal insulation of facade walls with a contact fagade system. Insulation of the floor construction above the unheated area. Insulation
of the floor construction to the unheated attic. Installation of new wooden windows with double-glazed low-emissivity glass unit.
® Central heating and domestic hot water supply with a low temperature gas boiler. Low temperature heating system with insulated pipes
and time and temperature programmable control unit.

V3onosarse $acapgHUX 31AOBA KOHTAKTHOM TEPMOM30NaLMOHOM (acafom. V3onoBarbe YHYTpalkbUX 3MA0BA Ka HerpejaHoM mpocTopy.
/13010Batbe XOPM30HTATHE KOHCTPYKUM]E M3Ha HErpejaHor MpocTopa. /13010Bare XOpr30HTaIHE KOHCTPYKUM]E MPema HerpejaHom TagaHy.
PeKoHCTpyKUMja CrojeBa noja Ha Ty ca A0AaBakbem TePMOM30aLMOHOT C10ja. Yrpaarba HoBKX Npo3opa o4 MBLl npoduna ca TpociojHum
13071aLMOHUM HUCKOEMUCVOHIM CTaK/O-MAKeTOM. Yrpaba HOBYX TEPMOU30OBaHYX BpaTa. @ VIHCTanaumja LeHTpanHor cuctema rpejarba
VI NpUnNpeme Tomne CaHWTapHe BOfE Ca KOHAEH3ALMOHYVIM KOT/IOM Ha 3eMHW rac. MIHCTanauwja AONyHCKOr CYCTeMa CoNapHUX KONeKTopa 3a
NOAPLIKY Y NPUNPEMI TOM/IE CaHUTapHE BOAE.

Thermalinsulation of fagade walls with a contact fagade system. Insulation of interior walls to unheated area. Insulation of the floor construction
above the unheated area. Insulation of the floor construction to the unheated attic. Reconstruction of ground floor layers with addition of a
thermal insulation layer. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated,
doors. ® Central heating and domestic hot water supply with a condensing gas boiler. Additional solar thermal system for DHW heating.

293



HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *
MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTtHX ryéunum 300 300 300
enemeHaTa TepMUYKOr

oMoTaua 3rpage l
B 250 250 250
Heat loss through the
thermal envelope 200 200 200
[W/K] I
150I 150 150
1OOI 100 100
50 50 50
I | [] u [ I u ||
1.2 3 4 5 6 7 1T 2 3 4 5 6 7 1 2 3 4 5 6 7

1 - Cnosmalutby 3ug, 2 — Mpo3opwu, 3 — BpaTa, 4 — 3uy Ka HerpejaHom NpocTopy, 5 — MehycnpaTHa KOHCTPYKLUWMja Ka HerpejaHom TasaHy,
6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor npoctopa, 7 — o Ha Ty

1 — External wall, 2 = Windows, 3 — Doors, 4 - Partition wall to unheated area, 5 — Floor construction to unheated attic
6 — Floor construction above unheated area, 7 — Ground floor
[kWh/m?/ year]

EHepreTcku paspeq

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ w0 ][] 2
& e 1

[ T Y B [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)
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® - nepunog 1981 - 1990. F - period 1981 - 1990

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTcky bunaHc
Thermal envelope improvement with heating system - energy balance

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

EHepruja noTpebHa 3a
rpejarbe

Heating energy _ -13860 . GBS

dErEng [ (e (e
0 50 100% 0 50 100% 0 50 100%

[KWh]

EHepreHT

Fuel Yrarb lac lac
Coal Gas Gas

MNpumapHa eHeprija 15246 9176

- 13% 8%
Primary energy
[KWh]
98661 104731
87% 92%
[ T

Emncmja CO,

CO, emission 3049 I1835

[ Frr
0 50 100% 0 50 100% 0 50 100%
(ka]

[NoTpouwrsa eHepruje

33 rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

. 84% 90%
Energy consumption

after refurbishment
measures
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MopopaunyHa Kyha y Hu3y

Cnnunm o6jekTy
Similar buildings

O

<50%

oo
! oo

2 A

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 1981-1990 Year of construction 1981-1990
Bpoj eTaxa 2 (Mo+Mp+1) Number of floors 2 (B+Gf+1)
bpoj cTaHoBa 1 Number of apartments 1

MosplnHa (M?) HeTo rpejaHa  80-110 Area (m?) Net heated 80-110
3anpemuiHa (m?) HeTo rpejaHa 200-300 Volume (m?3) Net heated 200-300

CnpaTHa Kyha y H13y, KOMMaKTHe NpaBoyraoHe 0CHO-
Be, Ca ABOBOAHMM KPOBOM. TaBaHCKM MPOCTOP 1 NOAPYM/
CyTepeH ce He KopwcTe 3a 6opaBak. CrosbHY 3u10-
BV Cy MacWBHM, 3W[JaHW NYHOM OMEKOM W Mantepuca-
HW. Mpo30pK Cy APBEHW, CTaHAAPAN30BaHWX AUMEH3M)a,
Hajuewhe ca cnosbHUM KaruviMa. CBe TaBaHuue, na u
no3viumje npema TaBaHy 1 U3Hag noapyma, Cy MnosyMoH-
TaXKHE aPMMPAHOOETOHCKE KOHCTPYKLM]e Ca UCTYHOM Off
WYN/bUX ONeKapCKux enemeHara.

A one-storey house in a row, with a compact rectan-
gular floor plan and a pitched roof. The loft and base-
ment are unoccupied. The massive external walls were
built of solid brick and rendered. The standard-size
wooden windows are usually fitted with external blinds.
All reinforced concrete floor constructions, including the
positions to the loft and above the basement, are semi-
precast with hollow clay infill elements.



® - nepuopg 1981 - 1990. F - period 1981 — 1990

MopoanuHa Kyha y HW3y ca MacuBHWUM dacagHVM
31a0BKMa Of oneke 6e3 Tepmounsonauyje. Kyha ce rpeje
y LenoCTu v Ha TepMOrpamy Ce jacHO MOXe BUAET rpeja-
HW 1€0 Y OIHOCY Ha HerpejaHu TaBaHCKM npocTop. Hajus-
paXkeHWj1 rybum TonnoTe ce jaBsbajy Y 30HM apMUPaHo
BETOHCKINX CepKNaxa U HaTNPO30pHUX rpeaa. KoHCTpyk-
LMja Nnpo3opa 1 BpaTa je Heoarosapajyha ca n3pasvtvim
TOMAOTHUM ryBuLMMa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
291

A family house in a row with uninsulated massive
facade walls made of brick. The entire house is heat-
ed; the thermal image reveals a clear contrast with the
unheated attic area. The most noticable heat losses
occur in the zones of reinforced concrete ring beams
and lintels. The window and entrance door construc-
tions are inadequate, showing significant heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
218

<100
<150
<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)
3uf Ka cycepy

Wall to the Adjacent
Building

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 31A oA oneke 38cm,
Mantep 2cm

plaster 2cm, brick wall 38cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 314 of oneke 38cm,
ManTep 2cm, Tepmousonauuja 10cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 314 of oneke 38cm,
manTep 2cm, Tepmomsonauuja 20cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnosba Outside

1.27 0.27 0.15

[ (9] (] [} [

) ) ) o )

Z Z Z Z z

= 3 = |m=E 3 =

2 3 2 3 2

> > >

8 e £ == e 3

(@] (@}

Mantep 2cm, 31 of oneke 25cm HEMA N3MEHA FMNC KapTOHCKe nnoye 1.25cm,

- - TepmMounsonauurja 5cm, Mantep 2cm, 3ua oa

plaster 2cm, brick wall 25cm NO CHANGES oneke 25cm
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25cm

1.63 1.63 047
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Cknonosu Tepmmuykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTPYKLUMWja ncnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MehycnpatHa

KOHCTpYKUWja 13Hag
HerpejaHor nogpyma

Floor Construction
to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

Cnosba Outside

YHyTpa Inside

Tepmom3sonaumja 10cm, TM3 taBaHmua 20cm,
ManTtep 2cm

thermal insulation 10cm, TM3 slab with
hollow clay block 20 cm, plaster 2cm

0.30

YHanpeherbe 1 Improvement 1

Cnora Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.30

YHyTpa Inside

Cnosba Outside

napket 2.2 cm, nepaut 6etoH 5 cm, TM3
TaBaHuua 20 cm, mantep 2cm

parquet 2.2cm, lightweight concrete 5cm,

TM3 slab with hollow clay block 20 cm,
plaster 2cm

0.98

YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, nepnuT 6eToH 5 cm,

TM3 TaBaHmua 20 cm, mantep 2 cm,
Tepmonsonaumja 10cm, mantep 1cm
parquet 2.2cm, lightweight concrete 5cm,
TM3 slab with hollow clay block 20 cm,
plaster 2cm, thermal insulation 10cm,
plaster Tcm

0.27

YHanpehetbe 2 Improvement 2

Cnospa Outside

YHyTpa Inside

Tepmomzonaumja 20cm, TM3 TaBaHmua 20cm,
Mantep 2cm

thermal insulation 20cm, TM3 slab with
hollow clay block 20 cm, plaster 2cm

0.16

YHyTpa Inside

Cnosba Outside

napket 2.2 cm, nepamt 6eToH 5 cm,

TM3 TaBaHuua 20 cm, mantep 2 cm,
Tepmownsonaymja 15cm, mantep Tcm
parquet 2.2cm, lightweight concrete 5¢cm,
TM3 slab with hollow clay block 20 cm,
plaster 2cm, thermal insulation 15¢cm,
plaster Tcm

0.20

299




300

HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

Cnctem 3arpeBarba
npocTopuja

MocTojehe cTarbe Present state

-+
i

[lpBEHM Ca BOCIOjHM U30M1aLMOHM
CTaK/I0-MaKeTOM, APBEHN Kanum

Wooden, double glazed unit, wooden
shutters

3.00

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

1.00

)leBeHa Ca CTakneHom ncrnyHom

Wooden, leaf with glass

,ﬂpBeHa, KpwWio Ca TepMomn3onalmnoHomMm
NCrnyHOM

Wooden, insulated leaf

)J,pBeHa, KpWio Cca TepMomnsoauoHom
MCMyHOM

Wooden, insulated leaf

4.00 1.50 1.50
Cuctemn rpejarba 1 Npunpeme Tonne Boge Heating and hot water system

i i r E

Il @ ® f)

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

LleHTpanHm cnctem rpejarba Ha ApBa,
pagwvjaTopn

Central hot water heating system (wood
boiler)

LleHTpanHm crcTtem rpejarba Ha ApBa,
MUPOUTAYKI KOTAO Ca akymynaTopoM Boae
3a rpejarbe

Central heating with a biomass boiler for
pellets or logs, wood gasification boiler with
a buffer tank

LleHTpanHu cuctem rpejarba,
KOHIEH3aUMOHW KOTA0 Ha 3eMHM rac
(BapwjaHTa - KOTao Ha ApBO/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)
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Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
1,
7 5
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- Tonne CaHMTapHe BOAE NoBe3aH Ca Tonnae CaHnTapHe BoAe rnosesaH
Electric boiler CUCTEMOM rpejarba Ca CUCTeMOM rpejarba 1 CUCTEMOM

- CONapHYX KonekTopa

Central supply with a domestic -

hot water — DHW cylinder in Central supply with a domestic

combination with a heat generator hot water - DHW cylinder in
combination with a heat generator
and a solar thermal system

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/13onoBarbe dpacafHvx 31[0Ba KOHTAKTHOM TepMOM30naLMoHOM dacafom. V30noBare XOPU3OHTanHe KOHCTPYKLMje M3Haf HerpejaHor
noapyma. Yrpaftba HOBUX APBEHMX MPO30pa Ca [BOC/IOJHMM W30NaLUMOHUM HUCKOEMUCUOHMM CTaKNo-MakeToM. Yrpafrba HOBWX
TEPMOM30s10BaHNX BpaTa. ® VIHCTanaumja LeHTpanHor CUcTemMa rpejakba 1 npunpeme Tomnne caHuTapHe BoAe Ca NUPOUTUYKMM KOTIOM
BMCOKOT CTeneHa vckopuiwhersa. HuckotemnepaTypHm CUCTeM rpejatba Ca 130M10BaHVM LIEBHVM BOLOBMMA Vi BDEMEHCKYM/TEMNEPATYPHIM
perynatopvma.

Thermal insulation of facade walls with a contact facade system. Insulation of the floor construction above the unheated basement.
Installation of new wooden windows with double-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors.
® Central heating and domestic hot water supply with high efficient wood gasification boiler. Low temperature heating system with
insulated pipes and time and temperature programmable control unit.

1130n0Batbe GacafiHUX 3K0Ba KOHTAKTHOM TEPMOM30MaLMOHOM dacafom. V3onoBarbe 31Ma0Ba Ka CycefiHMM O0jeKTVMa Ca YHyTpalurbe
cTpaHe. V300Batbe XOpM3OHTaNHe KOHCTPYKUMjE M3HAZ HerpejaHor noapyma. [JoAaTHO M30M10Bare XOPU3OHTaHE KOHCTPYKUMje npema
HerpejaHoM TaBaHy. Yrpaatba HOBKX Npo3opa of MBLL npodurna ca TpOCNOjHUM K30N3aLMOHUM HUCKOEMUCUOHIM CTaKO-NakeTom. Yrpaarba
HOBVX TEPMOM30/10BaHNX BpaTa. ® MHCTanaumja UEHTPasHOr CUCTeMa rpejatba v mpunpeme Tomnse CaHUTapHe BOfe Ca KOHAEH3aUMOHIM
KOT/IOM Ha 3eMHV rac. VIHCTanauwmja JOMNyHCKOr C1cTeMa CONapHYX KONEKTopa 3a NOAPLIKY Y NPUMPEMY TOMe CaHWTapHe BOAE.

Thermal insulation of fagade walls with a contact fagade system. Internal insulation of the walls to the adjacent buildings. Insulation of the
floor construction above the unheated basement. Additional insulation of the floor construction to the unheated attic. Installation of new
PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, doors. @ Central heating and domestic
hot water supply with a condensing gas boiler. Additional solar thermal system for DHW heating.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 140 140 140
enemMeHata TepMUYKor I I
omoTaya 3rpage 120 I 120 120
Heat loss through the 100 100 100
thermal envelope I I
[W/K] 80 I 80 I 80

60 I 60 I 60

40 I 40 I 40

20 I 20 I 20 H

12 3 4 5 6 12 3 4 5 6 12 3 4 5 6

1 — Cnosmalutby 31, 2 — Mpo3opwu, 3 — BpaTta, 4 — 3u Ka cyceAHoM 00jekTy, 5 — MehycnpaTtHa KOHCTPYKLUMja Ka HerpejaHom TaaHy,
6 — MehycnpaTHa KOHCTPYKUWja M3HaA HerpejaHor nogpyma

1 - External wall, 2 —= Windows, 3 — Doors, 4 - External wall to adjacent building, 5 - Floor construction to unheated attic,
6 — Floor construction above unheated basement
[kWh/m?/ year]

75 (34%)
144 (66%)
EHepreTcki paspes

- | ) I

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ e ] [ we | [7228 ]
& e et

[ [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejarba — eHepreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lNocTtojehe cTare Present state

EHepruja noTpebHa 3a
rpejarbe

Heating energy _

demand

[KWh]

EHepreHT

Fuel [pBo
Wood

YHanpebherbe 1 Improvement 1

Hpeo
Wood

[NpumapHa eHeprija

Primary energy

[KWh]

4684
61%

Emncmja CO,
CO, emission 0
(kal

[oTpowrba eHepruje

3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
N TEPMOTEXHUUKIX
mepa

Energy consumption
after refurbishment
measures

6077
79%

46%

YHanpehetbe 2 Improvement 2

[ac
Gas

77%
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®3
F3

CrambeHa cnobopgHocTtojeha 3rpaga

CnnyHu 06jekTn

Similar buildings
ooog
q 0000 1s50%
A oooo
1
2 A

Free-standing residential building

KaTeropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multy-family housing
[oavHa n3rpagHe 1981-1990 Year of construction 1981-1990

Bpoj eTaxa 5 (Mo+Mp+3+T1k) Number of floors 5 (B+Gf+3+L)

bpoj cTaHoBa 15-30 Number of apartments 15-30

MosplnHa (M?) HeTo rpejaHa  1000-2000 Area (m?) Net heated 1000-2000
3anpemuHa (m?) HeTo rpejaHa 2500-5000 Volume (m?3) Net heated 2500-5000

CrambeHa yYeTBOpOCMpaTHMLA Ca KOCUM KPOBOM
MaHcapaHor Tvna. 31Maosu cy npedabprkoBaHy apmu-
PaHOBETOHCKM, "CeHABMY” KOHCTPYKUMje Ca TepMOu30-
NaUMOHUM CNojem 1 PasAnUUTM 3aBPLWHKUM 0bpaaama.
Mpo30opun Cy ApBeHW, ABOCTPYKM Ca CMOJeHUM Kpuiw-
Ma 1 opmmpajy GacagHe oTBOpe HelTo Behnx AUmeH-
3vja. 3actopu cy "ecnnHrep” poneTHe. MebhycnpaTHe
KOHCTPYKLMje Cy apMUPAHOOETOHCKE WA NONYMOHTaX-
He, Ca UCMYHOM off Wym/blx 6110KoBa. MOTKPOBHa eTaxa
je cTambeHa. MNogpymMcke NpPoCTopuje ce He KopucTe 3a
6opaBak, a Npusemsbe 0bjeKTa je HaMerbeHO CTaHOBakbY.

A residential four-storey building with a pitched
mansard roof. The walls are prefabricated reinforced
concrete sandwich constructions with a thermal insu-
lation layer and various types of coating. Window-to-
wall ratio is relatively high with wooden double-framed
narrow sashes fitted with Esslinger roller shutters. The
floor constructions are of reinforced concrete or semi-
prefabricated, with hollow block infill. The top floor is
used for residence. The basement is unoccupied while
the ground floor is intended for a residential purpose.



CrambeHa 3rpaga ca dacagHum 3MAOBMMA O
npedabprikoBaHyx OETOHCKMX MaHena. TepmMorpam
npviKasyje rybutke Tonnote Ha mectma MehycobHMx
CrojeBa naHena vy marbem obUMy Ha MecTy Mpuxsa-
Ta 3aBplWwHor cnoja. Cnojesw nnova Tepaca 1 GacaHnx
31[0Ba Ce KapaKTepuLly W3PasuTUM JUHUJCKAM ryou-
umma. QacagHa ctonapuja penaTueHO noLer KeanuteTa
Ca YOUbMBMM TOMAOTHUM ryOULUMMA HAPOUMTO Y 30HK
KyTWje 3a POneTHY.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
180

® - nepunog 1981 - 1990. F - period 1981 - 1990

Aresidential building with fagade walls built of prefab-
ricated concrete panels. The thermal image shows heat
loss at connections between panels and, less intense-
ly, at the point of attachment to the final layer. Intense
linear heat loss is characteristic at connections between
terrace slabs and facade walls. Facade fenestration is of
relatively poor quality and shows noticeable heat loss,
particularly at roller shutter boxes.

Energy class of building - existing state

Q,,, kWh/(m?a)]
126

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

U (W/m?K)

Cnorballhsu 31a 2

External Wall 2

U (W/m?K)

Cnosballksn 3ua 3

External Wall 3

U (W/m?K)

3ua Ka HerpejaHom
CTEMEHULTY

Partition Wall to
Unheated Staircase

U (W/m?K)

306

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

[} () [ [} (] = (9]
© © o ° o ©
2 B £ g k= g
8 S & S & o
= = =
2 5 2 5 ? 5
= 2 = 2 = = 2
(@] U @)
6eToH 8cm), Tepmonzonalinja 8cm, 6eToH 6¢m HEMA NU3MEHA 6eToH 8cm, Tepmom3sonaumja 8cm, 6eToH
reinforced concrete 8cm, thermal insulation NO CHANGES 6cm, Tepmomsonaupja 15cm, mantep 1cm
8cm, reinforced concrete 6cm reinforced concrete 8cm, thermal insulation
8cm, reinforced concrete 6¢cm, thermal
insulation 15cm, plaster 1cm
0.46 0.46 0.16
[} () () [} (] = (9]
S o hel \ S hel °
£ £ 2 g 2 g
2 S B | S B 5
= = =
> 2 > | 2 = 2
= g = ‘ 2 = > g
(@] (@] @]
6eToH 8cm, Tepmomsonaluja 8cm, petwetkact  HEMA M3MEHA 6eToH 8cm, Tepmou3onaLmja 8cm,
HoCauy /Ba3AyLUHM NPocTop WL, 50cm, ApseHe NO CHANGES Tepmomsonaumja 15cm, peleTkacTy Hocay /
rpeavue 2.5cm, NpoPUICaHn M Ba3yLLIHV NPOCTOP OKO 35CM, ApBeHe rpeauLie
reinforced concrete 8cm, thermal insulation 2.5cm, npodunmncaHy aviv
8cm, steel frame girder / air gap app. 50cm, reinforced concrete 8cm, thermal insulation
timber batten 2.5cm, corrugated metal sheet 8cm, thermal insulation 15cm, steel frame
girder / air gap app. 35cm, timber batten 2.5cm,
corrugated metal sheet
0.46 0.46 0.16
(9] (9} (5} (9] (5} [}
° © °© ° °© °
Z E e 2 2 g
© O © (@) © @]
== © o [} =] ©
e 5 ? 5 % 5
= e = e = 2
(@] (@] o
manTep 2cm, oneka 6,5cm, Tepmomzonaunja  HEMA M3MEHA ManTep 2cm, oneka 6,5cm, Tepmonsonaumja
4cm, dacagHa oneka 12cm NO CHANGES 4cm, dacagHa oneka 12cm, Tepmowvonaumja
plaster 2cm, brick wall 6.5cm, thermal 12cm, mantep 1cm
insulation 4cm, facing brick 12cm plaster 2cm, brick wall 6.5cm, thermal
insulation 4cm, facing brick 12cm, thermal
insulation 12cm, plaster Tcm
0.59 0.59 0.21
[ [ [ [ [ (9]
S ° hel e, hel °
2 B 2 B 2 g
© O © O © @]
o © a © a ©
e 5 T 5 B 5
= e = e = 2
@] U @]
6eToH 15cm, nepauT Mantep 2cm HEMA N3MEHA 6eToH 15cm, Tepmomsonalnja 6¢cm, mantep Tcm
reinforced concrete wall 15cm, insulating NO CHANGES reinforced concrete wall 15cm, thermal
plaster perlite 2cm insulation 6¢cm, plaster 1cm
233 233 047
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

3uay Ty

Basement Wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLUWja U3Haa
HerpejaHor npocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLWja Mcnoa
HerpejaHor npocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MNMocTojehe cTarbe Present state

6eToH 15cm, TepMon3onaumja 5cm,
xuapomsonauuja 1cm, oneka 6,5cm
reinforced concrete wall 15cm, thermal
insulation 5cm, hydro insulation Tcm, brick
6.5cm

0.39

YHyTpa Inside
Cnosba Outside

YHyTpa Inside

Cnosba Outside

namest napkeT 1¢m, Lem. KoLwyrbita 4cm,
3BYyYHa 13onaumja 2cm, Ab nnova 14cm,
TepMmov3onaumja 4cm, Mantep 2cm

parquet Tcm, cement screed 4cm, thermal
insulation 2cm, reinforced concrete slab
14cm, thermal insulation 4cm, plaster 2cm

048

Cnosba Outside

YHyTpa Inside

Tepmowsonaumja 6cm, Ab nnoya 14cm
thermal insulation 6¢m, reinforced concrete
slab 14cm

048

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnospa Outside

HEMA M3MEHA
NO CHANGES

0.39

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA
NO CHANGES

048

Cnorsba Outside
YHyTpa Inside

Tepmomsonauwja 15cm, Tepmonsonaumja 6¢cm,
AB nnouva 14cm

thermal insulation 15cm, thermal insulation
6¢cm, reinforced concrete slab 14cm

0.15

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.39

YHyTpa Inside
e —]

sgssssssui

Cnospa Outside

Namen napkeT 1¢m, Liem. KOLysbiua 4cm,
3ByYHa m3onauvja 2cm, Ab nnoyva 14cm,
Tepmowsonauvja 15cm, mantep Tcm

parquet Tcm, cement screed 4cm, thermal
insulation 2cm, reinforced concrete slab
14cm, thermal insulation 15cm, plaster Tcm

0.20

Cnosba Outside

YHyTpa Inside

TepmMovonaumja 25cm, Tepmonsonaumja 6¢cm,
AB nnoyva 14cm

thermal insulation 25cm, thermal insulation
6cm, reinforced concrete slab 14cm

0.1
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

Ly
2

[lpBeHW, 1BOCTPYKM Ca CMOjEHVM KpUvMa
1 jeIHOCTPYKMM CTakIOM. [1nactnyHa
ec/luHeep poneTHa

Wooden, single frame, connected double
sash with single glazing. Plastic roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCUOHUM CTaKNO-MakeTom
MyHEHUM UHEPTHIM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.30 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

p——

v
M
[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.
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Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
! 7
1
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- noBe3saH Ca CMCTeMOM rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHVKOM Yy noaCTaHNLN. 3merbrBay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n10Batbe XOPK30HTaNHE KOHCTPYKLMje Npema HerpejaHom TaBaHy. Yrpafrba HOBMX APBEHMX MPO30pa Ca [BOC/IOJHUM M30NaLMOHIM
HUCKOEMMCMOHUM CTako-NakeTom. ®  Yrpafjrba TEPMOCTATCKMX BEHTMMA MO CTaHOBKMa. MoaepHW3aLmja NOACTaHWLe YrpalOoM crcTema
3a perynauujy NpoToka npema CnosbHoj TeMnepaTypu 1 Mepersem UCNopyyeHe eHeprije. Hannata npema noTpoLHsi MePEHO) Y MOACTAHNLM.
Yrpagatba LieHTpanHor cvcteMa npunpeme Tonse BOAE NMOBE3aHOT Ca CUCTEMOM rpejatba.

Insulation of the floor construction to the unheated attic. Installation of new wooden windows with double-glazed low-emissivity glass unit.
® |nstallation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the
outside temperature and delivered energy measurement. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system.

/130n0Batbe dacaHmx 31A0Ba KOHTAKTHOM TepMOV30NaLMoHOM Gacafom. V130n0Barbe yHyTpaltbyix 3140Ba NpemMa HerpejaHom Npoctopy
(xopHuK/CTeneHuwwTe). V130n0Batbe XOPU3OHTANHMX KOHCTPYKLUMja Npema HerpejaHom MoApyMy W TaBaHy. Yrpajrba HOBMX Mpo30pa Of
MBLl npodwna ca TPOCNOJHUM M30NALMOHMM HUCKOEMUCUOHMM CTakNOo-NakeToM. Yrpaarba HOBMX MeTanH1X TepMOM3010BaHNX Bpata. @
Yrpaatba TEPMOCTATCKYIX BEHTINA NO CTaHOBKMa. MOAepHY3aLmja NOACTaHMLE YrpaHOoM CCTeMa 3a perynalujy NpoToka npema CrosbHoj
TemnepaTtypu 1 Meperem UCnopydyeHe eHeprije. Yrpafrba Mymne ca NPOMEHbMBUM MPOTOKOM W OYMTaBarbeM MNOTPOLHE eHepriuje.
Hannata npema NoTpOwWH K MePeHO] y NOACTAHMUM. Yrpazitba LIeHTPAIHOT CUCTeMA NpUnpenMe Torne BOAE NOBE3aHOr Ca CUCTEMOM rpejatba,
Ca [AOMNYHCKMM CUCTEMOM CONapHUX KONEKTOPa 3a NOAPLLKY Y NpUnpemm Torne CaHUTapHe Boge.

Thermal insulation of facade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Insulation of
floor constructions to unheated basement and attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation
of new, thermally insulated, metal doors.  ® Installation of termostatic valves in apartments. Modernization of the substation by installing
controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump with variable
flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central system for
the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.

309



HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

YHanpehetbe TepMUUKOT OMOTaua — eHepreTcky bunaHc * Thermal envelope improvement — energy balance *

MocTojehe cTarbe Present state YHanpehetbe 1 Improvement 1

TonnoTtHW ryéunum 1400 1400 1400
enemeHara TepMUYKor
OMQOTa4Ya 3rpage 1200 1200 1200
Heat loss through the 1000 1000 1000
thermal envelope

800 800 800
[W/K]

600 600 600

400 I 400 I I 400

CneunduuHa rogmiltba
notpebHa eHepruja 3a
rpejaroe

Specific Heating Energy
demand per year

[kKWh/m?/ roauiitbe]
[kWh/m?/ year]

EHepreTcku paspes

Energy class

®uHanHa eHepruja

Final energy

200

I [
45 1 2 34 5 6 7 8

200
6 7 8 12 4 5

1 — Cnospallimn 3ug, 2 — Mpo3opw 1 6ankoHCKa BpaTta, 3 — YnasHa Bpata, 4 — 3uj Ka HerpejaHom ctenenunwTy, 5 - Moapymck 3ug,
6 — MehycnpaTtHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpaTHa KOHCTPYKUMja Ka HerpejaHom TaBaHy, 8 — 1o Ha Ty

-_
3 6 7 8

1 - External wall, 2 - Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Basement wall,
6 — Floor construction to unheated basement, 7 - Floor construction to unheated attic, 8 - Ground floor

48 (38%)
84 (67%)

YHanpehere 2 Improvement 2

0

50 100% 0 50 100% 0 100%

[KWh]

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)
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YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpehere 2 Improvement 2
EHepruja notpebHa 3a
rpejaroe
Heating ener [ wee ] [ uee | [[77503 ]
demangd 2 [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

lNpumapHa eHepruja

Primary energy
[KWh]
[ T

316619
69%

Emncmja CO,

CO, emission

| [ O B B
[t] 0 50 100% 0 50 100% 0 50 100%

MoTpolutba eHepruje

3a rpejakbe HakoH

npumMeHe rpaheBrHCKINX

1 TEPMOTEXHUUKIX

mMepa

Energy consumption gk
after refurbishment

measures
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CrambeHo-NoCNoBHa 3rpada tmna
JlaMmena

Cnnunm o6jekTy
Similar buildings

Oooo

000 J<so%

oo
A D>

Mixed use building — lamela

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multy-family housing
[oanHa n3rpagre 1981-1990 Year of construction 1981-1990

bpoj eTaxa 7 (Mo+Mp+4+211k) Number of floors 7 (B+Gf+4+2L)

bpoj ctaHoBa 20-25 Number of apartments 20-25

MoepuwyHa (M?) HeTo rpejaHa  1200-1500 Area (m?) Net heated 1200-1500
3anpemuHa (m?) HeTo rpejaHa 3000-4000 Volume (m?) Net heated 3000-4000

CrambeHa namena - BulecnpaTHMLA Ca KOCUM W
MaHCapAHVM KPOBOBMMA. 3MOBM CY Pa3UUUTKX CKIO-
noBa W 3aBpLWHMX 0bpafda, anv mo MpaBuily ca Tepmo-
30M1aUMOHMM CJIOjJeM KOjU He 3a0BO/baBa CaBpemeHe
CTaHgapge. [Npo3opn Cy yrnaBHOM JPBEHN, Ca CMOjeHUM
KpWavma 3acTak/beHnM jeIHOCTPYKMM CTakoM. 3acTopu
Cy'Y BUAY MNACTUYHKIX "eciMHrep” poneTHu. MehycnpaTHe
KOHCTPYKLMje Cy apMrpaHOBeTOHCKe, ca (He3afoBosba-
Bajyh1M) TepPMOUM30MaLIMOHMM CII0JEM Npema HerpejaHnm
npoctopvma. Noapymcke NpocTopuje ce He KopucTe 3a
6opaBak, Npr3emsba Cy MPeTeXxHO CTaMOeHa, a MOTKPOB-
Jba rOTOBO Y MOTMYHOCTM NPOjekTOBaHa Kao CTambeHa.

A residential multi-storey lamela building with
pitched and mansard roofs. The wall constructions and
coating may vary but generally, there is a thermal insula-
tion layer which does not comply with the present codes.
The windows are mainly wooden narrow double sashes
with single glazing. The shades are plastic Esslinger roll-
er shutters. The floor constructions are of reinforced
concrete with an insufficient thermal layer to the unheat-
ed areas. The basement is unoccupied, the ground floor
is mainly residential, and the loft area is almost always
designed as a residential space.
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CrambeHa namena marepujanv3oBaHa y dacafHoj
oneuu. TepMorpam nprkasyje npumeTHe ryouTke Tonsno-
Te y 30HaMa XOPW3OHTANHWX, HarnalweHux, apmupa-
HO GETOHCKWMX CepKnaxa OfjHOCHO Ha MeCT1Ma nponac-
Ka Tepaca Kpo3 Tepmuyki omoTay. PacagHa cTonapwja
je y nouem CTarby Ca ¥3pasuTuUM TOMNOTHVM ryouLUMMa
HAPOUMTO Y 30HV KyTWja 3a poneTHy. [pumMeTHY Cy 13pa-
31TV [oBULM TOMNOTe Of CONApHOr 3paderba Ha NUGT
Kyhuuama.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

181

A residential lamela building materialized in fagcade
brick. The thermal image reveals noticeable heat loss
at the emphasized horizontal reinforced concrete ring
beams and at the points where terraces penetrate the
thermal envelope. Facade fenestration has deteriorat-
ed and shows intense heat loss especially at roller shut-
ter boxes. There is noticeably intense solar heat gain at
elevator shaft tops.

Energy class of building — existing state

Q,,, kWh/(m?a)]
127

<100
<150
<200
<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpeherbe 2 Improvement 2
Crnomalutby 31g 1 5 5 kS 5 5 5
_ 2 B k= g g= g
3 = 3 < 3 =
External Wall 1 £ b £ 3 = a
T o) I [e} I o
> = > = > [
O (@) (@]
6eToH 15cm, Tepmowm3onaumja 5cm, cunvkatHa  HEMA M3MEHA HEMA M3MEHA
oneka 12cm NO CHANGES NO CHANGES
reinforced concrete wall 15cm, thermal
insulation 5cm, silicate brick 12cm
U (W/m?K) 0.60 060 060
Chosballby 3ug 2 5 5 5 5 3 3
_ 2 E £ 2 = g
3 < 3 < 3 <
External Wall 2 £ 3 £ 3 £ 2
T o I (e} I o
> = > c > [
O (@) (@]
rvncaHe nnode 7cm, Tep nanvp, HEMA NU3MEHA HEMA N3MEHA
TepmMow3onaLmja 5cm, oneka 12cm, NO CHANGES NO CHANGES
NOTKOHCTPYKUMja O ApBeTa (y M3rney) Ha
60cm / Ba3ayx 40cm, nonpeyHe neTee, eTepHUT
gypsum board 7cm, roofing paper, thermal
insulation 5cm, brick 12cm, timber substructure
at 60 cm distance/ air gap 40cm, timber batten
5/3cm, fibre-cement board (eternit)
U (W/m?ZK) 055 0.55 055
3uA Ka HerpejaHom e e b e e b
CTeMEeHULLTY - 3 = 5 - 3
Q o Q © Q ©
— = = e
- : = s :
i = = =
Partition Wall 5 5 5
to Unheated Staircase 6eToH 15cm HEMA M3MEHA 6etoH 15cm, Tepmomsonatmja 6¢m, runc
reinforced concrete wall 15cm NO CHANGES KapTOHCKe mnove 1.25cm
reinforced concrete wall 15cm, thermal
insulation 6cm, gypsum board 1.25cm
U (W/mZK) 3.09 3.09 047
3un Ka cyceaHoj b= 3 3 e 3 = b=
namenu (gunataumja) - E - 3 - = 2
e © =3 © = s ©
- 3 : = s e :
Wall to the Adjacent > 5 s 5 s B 5
Entrance (Dilatation) ManTep 2cm, cunopekc 25cm, Basayx 10cm,  HEMA V3MEHA ManTep 2cm, curopexc 25cm, urbekTupajyha
cUnopeKc 25cm, mantep 2cm NO CHANGES Tepmomsonayuja 10cm, cunopekc 25cm,
plaster 2cm, siporex lightweight concrete block mMantep 2cm
wall 25cm, air gap 10cm, siporex lightweight plaster 2cm, siporex lightweight concrete
concrete block wall 25cm, plaster 2cm block wall 25cm, injectable thermal
insulation 10cm, siporex lightweight
concrete block wall 25cm, plaster 2cm
U (W/mZK) 1.05 1.05 022
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpaTHa

KOHCTPYKLUMja 13Hag
HerpejaHor NpocTopa

(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)
MehycnpaTHa

KOHCTPYKLWja NCMOA
HerpejaHor NpocTopa

(TaBaH)

Floor Construction
to Unheated Area
(Attic)

U (W/m?K)

Koc kpos

Pitched Roof

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

namen napket 1cm, LiemeHTHa KoLLysbiLa
4cm, nnyTadoH 1Tcm, OMHIA TaBaHmMua 19cm,
Tepmomzonauuja 4cm, pabuu ManTep 3cm
parquet Tcm, cement screed 4cm, cork

sound insulation 1cm, OMNIA semi-fabricated
reinforced concrete slab 19cm, thermal
insulation 4cm, plaster on metal net 3cm

053

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

053

Cnospa Outside

YHyTpa Inside

Tep nanup, Tepmomsonaumja 6cm, OMHNA
TaBaHuLa 19cm

roofing paper, thermal insulation 6cm, OMNIA
semi-fabricated reinforced concrete slab 19cm

049

Cnosba Outside

AN

YHyTpa Inside

Tep nanvp, Tepmomsonaumja 10cm,
Tepmowmsonauwja 6¢m, OMHMA TasaHmua 19cm
roofing paper, thermal insulation 10cm,
thermal insulation 6cm, OMNIA semi-
fabricated reinforced concrete slab 19cm

0.20

Cnospa Outside

YHyTpa Inside

€TEPHMT NNoYe, NonpeyHe feTse, Tep nanup,
[aluyaHa nogora 2,5cm, por 10/14cm Ha
100cm / Basgyx 4 cm+ Tepmowsonauuja 10cm,
IMBL donmja, rmnc kapToHcke nnode 1.25cm
eternit fibre-cement board, timber batten,
gralbit bituminous sheet, wood plank 2.5cm,
timber rafter10/14cm at 100cm distance / air
gap 4cm+ thermal insulation 10cm, PVC foil,
gypsum board 1.25cm

0.38

Cnosba Outside

YHyTpa Inside

€TepHWT NoYe, NonpeyHe 1eTse, Tep nanwvip,
[allyaHa nognora 2,5cm, por 10/14cm Ha
100cm / Basgyx 4cm-+ Tepmowsonaumja 10cm,
Tepmomzonauwja 14cm, MBL donwja, rvinc
KapTOHCKe nnoye 1.25cm

eternit fibre-cement board, timber batten,
gralbit bituminous sheet, wood plank 2.5cm,
timber rafter10/14cm at 100cm distance / air
gap 4cm+ thermal insulation 10cm, thermal
insulation 14cm, PVC foil, gypsum board 1.25cm

0.16

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

namen napkeT 1¢m, LieMeHTHa KowwysbuLa
4cm, nnyTadoH Tcm, OMHIA TaBaHMua 19cm,
Tepmom3zonaumja 4cm, pabuu MaTep 3cm,
Tepmovizonaumja 10cm, mantep 1cm

parquet 1cm, cement screed 4cm, cork

sound insulation 1cm, OMNIA semi-fabricated
reinforced concrete slab 19cm, thermal
insulation 4cm, plaster on metal net 3cm,
thermal insulation 10cm, plaster Tcm

0.22

Cnosba Outside

YHyTpa Inside

Tep nanvp, Tepmowzonaumja 20cm,
Tepmowmzonaumja 6¢cm, OMHWA tasaHmua 19cm
roofing paper, thermal insulation 20cm,
thermal insulation 6cm, OMNIA semi-
fabricated reinforced concrete slab 19cm

0.13

Cnospa Outside

YHyTpa Inside

eTePHWT NNoYe, NoNpeyHe NeTse, Tep nanmp,
fallyaHa nognora 2,5cm, por 10/14cm Ha
100cm / Basgyx 4cm+ Tepmowsonauuja 10cm,
Tepmonzonauuja 14cm, MBL donuja, rvnc
KapTOHCKe nnove 1.25cm

eternit fibre-cement board, timber batten,
gralbit bituminous sheet, wood plank 2.5cm,
timber rafter10/14cm at 100cm distance / air
gap 4cm+ thermal insulation 10cm, thermal
insulation 14cm, PVC foil, gypsum board 1.25cm

0.16
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

Ly
2

[lpBeHW, 1BOCTPYKM Ca CMOjEHVM KpUvMa
1 jeIHOCTPYKMM CTakIOM. [1nactnyHa
ec/luHeep poneTHa

Wooden, single frame, connected double
sash with single glazing. Plastic roller blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.30 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

p——

v
M
[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.
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Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
! 7
1
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- noBe3saH Ca CMCTeMOM rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHVKOM Yy noaCTaHNLN. 3merbrBay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpehetse 2

Improvement 2

/13010Batbe XOPU3OHTaNIHE KOHCTPYKLMje Npema HerpejaHomM TasaHy. [JofaTHO M30M10BaHe KOCOT KPOBa Ca YHyTpalutbe CTpaHe. Yrpaarba
HOBMX APBEHUX MPO30Pa Ca [BOC/IOJHMM M30MaLUNOHNM HUCKOEMUCUOHMM CTaKNo-NakeToM. ®  Yrpadka TEPMOCTATCKMX BEHTUNA Mo
cTaHoBMMa. MoaepHY3aLvja NoACTaRuLE yrparOoM CUCTeMa 3a perynaLiujy NpoToKa Npema CnosbHOj TeMnepaTypy v Meper-em MCnopyyeHe
eHepruje. Hannata npema NoTpOLUHbM MePEHO] Y MOACTaHULM. YTpaaHba LIEHTPANHOr CMcTema Npunpeme Torne BOAE NOBE3aHOT Ca CUCTEMOM
rpejarba.

Insulation of the floor construction to the unheated attic. Additional insulation of the pitched roof from the inside. Installation of new wooden
windows with double-glazed low-emissivity glass unit. ® Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption based
billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system.

/130n0Batse 310Ba Ka CycejHoj namenu ybpursrasarsem TepmovizonaLmje y mehynpoctop aunataumje. Vi3onosarbe yHyTpall b 1x 31408a npema
HerpejaHoM NPOCTOpPY (XOAHWK/CTeneHwLwTe). 13010Barbe XOPU3OHTaNHUX KOHCTPYKLMja 13HaZ OTBOPEHOr NPOCTOPa 1 Npema HerpejaHom
NOAPYMY 1 TaBaHy. [J0faTHO M30M10Bakbe KOCOT KPOBa Ca YHyTpalltbe CTpaHe. Yrpadka HoBux npo3opa of MBL, npodwna ca TpocnojHum
M30MaLMOHNUM HUCKOEMMCUOHUM CTaKNO-NakeToM. Yrpafrba HOBMX MeTalHWUX TePMOM3ONOBaHVX Bpata. @  Yrpafrba TepMOCTaTCKMX
BEHTWNa NO CTaHOBMMA. MOAEPHY3aLMja NOACTaHMLE YrpaiHOoM CUCTEMa 3a perynaLmjy NpoToKa npema CrosbHOj TEMNEPaTypU 1 Mepetbem
ncnopydeHe eHepryije. Yrpaara nymne ca NPOMEHSbUBMM MPOTOKOM W OuMTaBarbem MOTPOLWHe eHeprije. Hannata npema noTpoLwi
MepPEeHOj y NoACTaHMUM. Yrpafrba LEHTPaNHOr cMcTemMa NpunpemMe Tomnne BOAE NOBE3aHOr Ca CUCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM
CONapHYIX KONeKTopa 3a NOAPLUKY Y NpUnpem Tonne CaHnTapHe Boge.

Insulation of walls to the adjacent lamela by injecting thermal insulation into the dilatation cavity. Insulation of interior walls to unheated areas
(hallway/stairway). Insulation of floor constructions above the outside area and to the unheated basement and attic. Additional insulation of
the pitched roof from the inside. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally
insulated, metal doors. @ Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow
system in accordance to the outside temperature and delivered energy measurement. Installation of the pump with variable flow and
reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central system for the hot
water preparation connected to the heating system, with additional solar thermal system to support preparation.




318

HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 300 800 800
enemeHaTa TepMUYKOr
OomOTaua 3rpaae 700 700 700
Heat loss through the 600 600 600
thermal envelope
500 500 500
[W/K]
400 400 400
3ooi i 300 i 300
200I I 200 I 200
100 100 100
I I -l- I ] ™ I o o
1 23 456 7 89 123 456 7 89 123 456 7 89

1 — Cnosvallin 3ug, 2 — Mpo3opw 1 6ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 1A Ka HerpejaHom CTenenunwTy, 5 — 3uf Ka cycejHoj namenn/
avnatauuja, 6 — MehycnpaTHa KOHCTPYKUMja U3Hag HerpejaHor noapyma, 7 — MehycnpatHa KOHCTPYKLMja M3Hag OTBOPEHOT NPOCTopa,
8 — MehycnpaTHa KOHCTPYKLMja Ka HerpejaHom TasaHy, 9 — Koc kpos
1 - External wall, 2 - Windows and balcony doors, 3 - Entrance door, 4 — Wall to unheated staircase, 5 — Dilatation wall, 6 - Floor construction
to unheated basement, 7 — Floor construction to outside area, 8 — Floor construction to unheated attic, 9 - Pitched roof

[kWh/m?/ year]

41 (32%)
74 (58%)
EHepreTcki paspes

- | ) | ) c

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ e ] [ ] [ soss ]
& (I (R T e B [ T e R B

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe 1 Improvement 1 YHanpehere 2 Improvement 2
EHeprunja notpebHa 3a
rpejarce
Heating ener [ e ] [ e ] [ enso |
demangd 2 [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

MpviMapHa eHeprija

Primary energy 110683
36%
[KWh]
[ R

189105
62%

Emncmja CO,

CO, emission
[ I ) O A N R A
100% 0 50 100%

[
0 50

| [ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH

npumeHe rpaheBMHCKIX

1 TEPMOTEXHUYKIX

mMepa

Energy consumption £
after refurbishment

measures
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®5
F5

CrambeHO-MNOCNOBHa 3rpaga y
OKBUPY rpagckor 6noka

Cnnunm o6jekTy
Similar buildings

>50%

0ooo

0ooo

0ooo
w

Mixed use building in a row

KaTeropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 1981-1990 Year of construction 1981-1990

Bpoj eTaxa 5 (Mo+Mp+3+T1k) Number of floors 5 (B+Gf+3+L)

bpoj cTaHoBa 15 Number of apartments 15

MospunHa (M?) HeTo rpejaHa  1000-1500

Area (m?) Net heated 1000-1500

3anpemuHa (m?) HeTo rpejaHa 2500-3500

Volume (m?3) Net heated 2500-3500

CrambeHa 3rpafa y TpagvuUMOHANHOM TPaACKOM
610Ky Ca KOCMM 1 MaHCapAHVM KPOBOBMMA. 3MA0BU Cy
PA3NNUMTIX CKIOMOBA ¥ 3aBPWHUX 00paaa, ca Tepmo-
130MaLMOHMM C/I0jeM KOjU He 3afoBOsbaBa CaBpemMeHe
CTaHaapae. Mpo3opu cy yrnaBHOM ApBeHy, pehe anymu-
Hujymckm mnu TBL. 3acTtopu cy nnactnuHe "ecnvHrep”
poneTHe. TaBaHule Cy apMMpPaHOOETOHCKe, NMBEHE Ha
LY MecTa Wnu MonymoHTaxkHe. [pema HerpejaHum
npocToprMa NocToju (HesanoBosbagajyhiu) Tepmonsona-
umoHun cnoj. Moapymcke NpocTopuje ce YecTo KopucTe
3a 6bopaBak, y Npu13emsby Ce Hanase CTaHOBM U NToKanu, a
MOTKPOB/ba Cy FOTOBO Y MOTMNYHOCTV MPOjeKTOBaHa Kao
CTambeHa.

320

A residential building in a traditional city block,
with pitched and mansard roofs. The wall constructions
and coating vary; the thermal insulation layer does not
comply with the present codes. The windows are most-
ly wooden or occasionally aluminium or PVC. The shades
are plastic Esslinger roller shutters. The floor constructions
are of reinforced concrete, cast on site or semi-prefabri-
cated. Thereis an insufficient thermal layer to the unheat-
ed areas. The basement is often occupied; the ground
floor has residential and commercial purposes while the
loft is almost designed to be used for residence.
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CrambeHa 3rpaga ca dacajom M3BeLeHOM Y Buy
KOMOVHaUWje pPa3nnunTX Matepujana ca YrnaBHOM
HeoAroBapajynm TepMUYKMM KapakTepucTikama. Ha
TepMorpamy Cy NpUMETHW ryOuLM TOMNOTe Y 30HM CBUX
apMm1paHo OETOHCKMX CePKIaxa Kao 1 Ha MecTvmMa croje-
Ba nnoya Tepaca W dacagHor 3uaa. PacagHa ctonapwja
PEenaTvBHO NOLWET KBaNUTETa Ca NPUMETHUM TOMIOTHIM
ryonumma.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

167

A residential building with a facade realized in a
combination of various materials, mostly with inade-
quate thermal characteristics. The thermal image shows
noticeable heat loss at all reinforced concrete ring beams
and at connections between terrace slabs and facade
walls. Facade fenestration is of relatively poor quality
with noticeable heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
117

<100
<150
<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnorbawtbh 3mg 1

External Wall 1

U (W/m?K)

Cnosbalwmbn 3ug 2

External Wall 2

U (W/m?K)

31 Ka HerpejaHom
CTeNeHULTY

Partition Wall
to Unheated Staircase

U (W/m?K)
3nny Ty

Basement Wall

U (W/m?K)

322

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

e S 5 i o °
. : : == : ==
2 S g [EH S g [EE S
= £ s & = 2
I S I == S I == S
(@] U @)
ManTep 2cm, MyHa oneka 25¢cm, HEMA MU3MEHA HEMA M3MEHA
Tepmow3onaumja 3cm, cunmkatHa oneka 12.cm - NO CHANGES NO CHANGES
plaster 2cm, solid brick wall 25cm,thermal
insulation 3cm, silicate brick 12cm
061 0.61 061
e < < e < °
5 S 3 (== S 8 3
iy 2 = 2 5 2
&3 e £ E= e 3 2
@] U (@]
MaTep 2cm, LWynsba oneka 25cm, HEMA NU3MEHA ManTep 2cm, Wynsba oneka 25cm, Tepmo-
Tepmow3onaLmja 3cm, Wynsba oneka 12cm, NO CHANGES 130Malyja 3cm, Wynsba oneka 12cm, mantep
Mantep 2cm 2cm, Tepmowmzonauymja 10cm, mantep Tcm
cement-lime plaster 2cm, solid brick wall cement-lime plaster 2cm, solid brick wall
25cm,thermal insulation 3cm, hollow brick 25cm,thermal insulation 3cm, hollow brick
12cm, plaster 2cm 12cm, plaster 2cm, thermal insulation 10cm,
plaster Tcm
047 047 0.19
sl < < s} < ]
g S g [EHE S g S
= 2 = 2 B 2
I s I == R S
(@] (@] o
ManTep 2cm, oneka 25cm, mantep 2cm HEMA NU3MEHA ManTep 2cm, oneka 25cm, mantep 2cm,
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES Tepmou3sonaluja 6¢m, Mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 6cm, plaster 1cm
146 1.46 040
[ [ [ [ [ (9]
S ° hel e, hel °
2 g 2 g 2 £
3 : & 5 B :
> & > 2 > 2
= e = e = 2
@] U @]
apMvpaHn 6eToH 25cm, Tepmow3sonaumja 5 HEMA N3MEHA HEMA M3MEHA
cm, ManTep 2.5cm, xuapounsonauuja Tcm, NO CHANGES NO CHANGES
oneka 12cm
reinforced concrete wall 25cm, thermal
insulation 5cm, plaster 2.5cm, hydro
insulation 1cm, brick 12cm
0.30 0.30 0.30
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CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope
MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Me‘r')ycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTPYKLWja V3Hag, ! ; ﬁ

HerpejaHor npocTopa
(noapym)
Cnosba Outside Cnosba Outside Cnosba Outside

Kepammyke naoumye 1cm, uemeHTHa Kepammuke naouute 1cm, uemeHTHa Kepammyke nioumue 1cm, uemeHTHa

Floor Construction
Kowysbmua 4cm, AB nnova 14cm, mantep 2cm  Kowysburua 4cm, AB nnova 14cm, Mantep 2cm,  Kowysbuua 4cm, AB nnoua 14cm, mantep 2cm,

to Unheated Area

ceramic tiles 1cm, cement screed 4cm, Tepmowsonaumja 10cm, mantep 2cm Tepmomsonaupja 20cm, mantep 2cm
(Basement) reinforced concrete slab 14cm, plaster 2cm ceramic tiles 1Tcm, cement screed 4cm, ceramic tiles Tcm, cement screed 4cm,
reinforced concrete slab 14cm, plaster 2cm, reinforced concrete slab 14cm, plaster 2cm,
thermal insulation 10cm, plaster 2cm thermal insulation 20cm, plaster 2cm
U (W/m?K) 230 032 0.18
Me’bycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTPYKUWja 13Haf
OTBOPEHOr NPOCTOpa

Floor Construction to

Fa8 228 728 228

Cnospa Outside

Cnosba Outside

i

Cnospa Outside

Outside Area napkeT 1cm, LieMeHTHa KoLy/buLa 3cm, HEMA M3MEHA
nnytadoH Tcm, TM3 TaBaHu1ua 20cm, NO CHANGES
Tepmovsonaumja 10cm, mMantep 2cm
parquet 1cm, cement screed 3cm, cork sound
insulation, TM3 slab with hollow clay block
20cm, thermal insulation 10cm, plaster 2cm

NapKeT 1cm, LieMeHTHa KoLysbiLia 3cm, nny-
TaoH 1cm, TM3 TaBaHmMLa 20cm, Tepmoun3ora-
umja 10cm, mantep 2cm, Tepmomsonauja 10cm,
LiemeHTHe nnode 1.25cm

parquet 1cm, cement screed 3cm, cork sound
insulation, TM3 slab with hollow clay block
20cm, thermal insulation 10cm, plaster 2cm,
thermal insulation 10cm, cement board 1.25cm

U (W/m?K) 035 035 0.18
MehycnpaTtHa Cnosba Outside Cnosba Outside Cnosba Outside

. R —— e — Y
KOHCTPYKLWja NCNoA
HerpejaHor NpocTopa m m s
- YHyTpa Inside YHyTpa Inside YHyTpa Inside

Floor Construction

nakoapmvipaHa kowysbuua 3cm, MNE dponuja, NakoapMMpaHa KoLysbula 3cm,
to Unheated Area

Tepmovsonaumnja 5¢cm, TM3 TaBanumua 20cm, Tepmowsonaumja 10cm, nakoapmmpaHa

NakoapMypaHa Kolysbumua 3cm,
Tepmomsonauuja 20cm, nakoapmumpana

(Attic) manTep 2cm Kowysbumua 3cm, ME donuja, Tepmomnsonaumja  Kowwysbrua 3cm, MNE donuja, Tepmownzonalinja
reinforced cement screed 3cm, PE foil, thermal - 5cm, TM3 TaBaHmua 20cm, mantep 2cm 5cm, TM3 T1aBaHmua 20cm, mantep 2cm
insulation 5cm, TM3 slab with hollow clay reinforced cement screed 3cm, thermal reinforced cement screed 3cm, thermal
block 20cm, plaster 2cm insulation 10cm, reinforced cement screed insulation 20cm, reinforced cement screed

3cm, PE foil, thermal insulation 5¢cm, TM3 slab  3cm, PE foil, thermal insulation 5cm, TM3 slab
with hollow clay block 20cm, plaster 2cm with hollow clay block 20cm, plaster 2cm

U (W/mZK) 053 0.21 013
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

-+
i

[lpBeHn ca ABOCIOjHIM M30NALMOHNM
CTaK/I0-MaKeToM, NAacTuHa ecsiuHzep
ponetHa

Wooden, double glazed unit, plastic roller
blind

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca iBOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.00 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

i ﬁ::
q | LLE
[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.
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Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
! 7
1
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- noBe3saH Ca CMCTeMOM rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHVKOM Yy noaCTaHNLN. 3merbrBay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

/130M10Batbe XOPU3OHTANHMX KOHCTPYKLUMja Npema HerpejaHom NoApymy v TaBaHy. Yrpafirba HOBWX APBEHMX MPOo3opa ca ABOCIOJHUM
30M1aLMOHIM HVUCKOEMUCUOHKM CTaKfo-MakeTom. @  Yrpaftba TePMOCTATCKUX BEHTWNA MO CTaHoBMMa. MopepHusauuja noactaHuLe
YrpaaHOoM C1CTeMa 3a perynalujy NpoToka npema CrosbHoOj TemnepaTtypu 1 Meperem UCnopyyeHe eHeprije. Hannata npema noTpoLutbu
MepEeHOj y NOACTaHNLW. Yrparba LleHTpanHor c1ucTema npunpeme Torse Boge NoBe3aHor ca CHCTEMOM rpejarba.

Insulation of the floor construction to the unheated basement and attic. Installation of new wooden windows with double-glazed low-
emissivity glass unit. ® Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system
in accordance to the outside temperature and delivered energy measurement. Consumption based billing measured in the substation.
Installation of the central system for the hot water preparation connected to the heating system.

130noBatbe fena dacaHnX 31[0Ba KOHTaKTHOM TePMOM301aLMOHOM Gacafiom. 13010Batbe yHy TpaLlib VX 3MA0Ba NPema HerpejaHom NpocTopy
(xonHuK/CTeneHuwwTe). V30n0Batbe XOPU3OHTaNHe KOHCTPYKLMje 1M3Hah OTBOPEeHOr nponasa. V3onoBarbe XOPW3OHTaNHUX KOHCTPYKLUMWja
npema HerpejaHom noApyMy 1 TasaHy. Yrpafrba HoBMX npo3opa o NBL npoduna ca TpOCNOjHUM M301aLUMOHM HACKOEMUCYOHM CTaKo-
nakeTom. Yrpafrba HOBMX METanHMX TEPMOW30MI0BaHWX BpaTa. @  Yrpafrba TEPMOCTATCKWX BEHTWIA MO CTaHoBMMa. MozepHu3almja
NOACTaHNLE yrpaArbOM CUCTEMa 3a PerynaLmjy NpoToka npema CrosbHOj TeMnepaTtypu 1 Meperbem UCNopyyeHe eHepruje. Yrpadra nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbem NOTPOLLIHe eHepruje. Hannata npema NoTpoLUHbW MePeHO] y NOACTAHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Tore BOAe NMOBe3aHor ca CUCTEMOM rpejarba, Ca AOMYHCKUM CUCTEMOM CONapHIX KONeKTopa 3a NOAPLIKY Y Npunpemm
TOM/e CaHUTapHe Boge.

Thermal insulation with a contact facade system of a segment of fagade walls. Insulation of interior walls to unheated areas (hallway/
stairway). Insulation of the floor construction above the open corridor. Insulation of the floor construction to the unheated basement and
attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. ®
Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the
outside temperature and delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption.
Consumption based billing measured in the substation. Installation of the central system for the hot water preparation connected to the
heating system, with additional solar thermal system to support preparation.
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YHanpehetrbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TornnotHw ryouum 1000 1000 1000
enemeHaTa TepMnYyKor ||
omoTaya 3rpage 900 I 00 900
- 800 800 800
Heat loss through the
thermal envelope 700 I /00 700
600 600 600
[W/K] I
500 I 500 500
400 I 400 400
300 I 300 300
200 I 200 200
100 l = 100 l 100
I I -II I mlm | -
123 456 7 89 123 456 7 89 123 456 7 89

1 — Crnosbalwtsm 31a, 2 — Mpo3opn 1 6ankoHCka BpaTa, 3 — Yna3Ha BpaTa, 4 — 31f Ka HerpejaHom cTeneHunwTy, 5 — NoapyMcku 3ua,
6 — MehycnpaTHa KOHCTpyKUWMja M3HaA HerpejaHor npocTtopa, 7 — MehycnpaTHa KOHCTPYKLWja M3Haz OTBOPeHOr NpocTopa, 8 — MehycnpatHa
KOHCTPYKLMja Ka HerpejaHom TaBaHy, 9 — [Moa Ha Ty
1 - External wall, 2 - Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Basement wall, 6 — Floor construction
to unheated area, 7 — Floor construction to outside area, 8 — Floor construction to unheated attic, 9 — Ground floor

[kWh/m?/ year]

‘ 27‘23%) a
EHepreTcku paspeq

- | ) | ) c

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener. [ oemwes ] [ mess | [ sem ]
& e e [ e

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lNpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings ("Cn.rnacHnk PC', 6p.61/2011)
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YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpehere 2 Improvement 2
EHepruja notpebHa 3a
rpejaroe
Heating ener [ s ] [ o] [ o]
demangd 2 [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamunHcko, docnnHa [amunHcko, docnnHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

lNpumapHa eHepruja

Primary energy
[KWh]
[

147452
46%

Emncmja CO,

CO, emission
[ I ) O A N R A
100% 0 50 100%

[ N R
0 50

| [ N
t] 0 50 100%

MoTpolutba eHepruje

3a rpejakbe HakoH

npumMeHe rpaheBrHCKINX

1 TEPMOTEXHUUKIX

mMepa 46%
Energy consumption

after refurbishment

measures
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CTambeHo-NoCNoBHa 3rpaaa BenmKke
CNPaTHOCTU - CONUTEP

Cnnunm o6jekTy
Similar buildings

oooo
0000 [ss00%
~ > oooo

Mixed use high-rise building

KaTeropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 1981-1990 Year of construction 1981-1990

Bpoj eTaxa 14 (HMp-+Mp+13) Number of floors 14 (LGf+Gf+13)
bpoj cTaHoBa 60-70 Number of apartments 60-70

MosplwnHa (M?) HeTo rpejaHa  3500-4500 Area (m?) Net heated 3500-4500
3anpemuHa (m?) HeTo rpejaHa 9000-1200 Volume (m?3) Net heated 9000-1200

CrambeHwn conuTep foHekne pasyheHe ocHose ca
PaBHMM KDOBOM ¥ MOBYYEHOM KDOBHOM eTaxkom. Qacaa-
HV 31a0BM Cy npedabprKoBaHW apMMPaHOOETOHCKMY,
"CeHaBMY" KOHCTPYKLMje Ca TePMOM30MaLMOHNM Cojem
KOjW He 330BOSbaBa CaBpemeHe cTaHfapae. MacagHu
OTBOPW Cy MojeAnHaYHK, Behux AumeH3nja. MNposopu cy
APBEHN ABOCTPYKM Ca CMOjEHNM KPUAMMA, @ 3acTopu Cy
nnactnyHe "ecnnHrep” poneTHe. TaBaHuLe Cy MOHTaXHe
apMMpaHobeTOHCKe, ca (He3anoBosbaBajyhvm) Tepmo-
M30M1aLUMOHVM C/lojeM MpemMa HerpejaHnm npoctopu-
Ma 1Yy CK/OMY PaBHWX KPOBOBA. [oApym ce He KopUcTu
3a 6opaBak, a y Npu3emsby ce Hanase CTaHOBW 1 KOMep-
LmjanHu capgpKajn.

3

Z

)Q
8

Aresidential high-rise tower with a relatively complex
floor plan, a flat roof and a recessed roof floor. The facade
walls are prefabricated reinforced concrete sandwich
constructions with a thermal insulation layer which
does not comply with the present codes. There are large
single window openings, with wooden double-framed
narrow sashes fitted with plastic Esslinger roller shut-
ters. The prefabricated floor constructions are of rein-
forced concrete with an insufficient thermal layer to the
unheated areas and in the flat roof elements. The base-
ment is unoccupied while the ground floor has residen-
tial and commercial purposes.



CrambeHn conutep ca dacagHum 3u4oBMMA O
npedabprikoBaHyx OETOHCKMX MaHena. TepmMorpam
npuvKasyje rybutke TomnoTe Ha mehycoOHWM CrnojeBu-
Ma PasNnuMTUX NaHena v HapoumMTo Ha MecTMa Bese
Hoceher 1 3aBpWHOr CNoja Yy OKBMPY WCTOr MaHena.
CnojeBy nnoya Tepaca v GacafHux 3140Ba Ce KapakTe-
pULY TMPUMETHUM NMHUJCKMM rybuumma. OprriHanHa
dacafHa cTonapwja je nower KganuteTa ca NPUMETHUM
TOMNOTHUM rybuLmMa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

179

® - nepunog 1981 - 1990. F - period 1981 - 1990

e

A residential high-rise tower with facade walls built
of prefabricated concrete panels. The thermal image
shows heat loss at connections between various panels
and especially at connections between load bearing
and final layers within the same panel. Linear heat loss is
characteristic at connections between terrace slabs and
facade walls. Facade fenestration is of poor quality and
shows noticeable heat loss.

Energy class of building - existing state

Q,,, kWh/(m?a)]
125

<100

<150

<200

<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpeherbe 2 Improvement 2
Crnosballby 3ug 1 8 i 3 [ g 5 5
- £ - z z
© @) © (@] © O
[oR o o
External Wall 1 £ 2 S 2 S 3
T 3 T e} I e}
> = > = > [
(@] (@) (@]
6eToH 16¢m, TepMowm3sonaumja 6¢cm, 6eton 6cm — HEMA M3MEHA 6eToH 16cm, Tepmom3sonauynja 6¢cm, 6eToH
reinforced concrete 16¢cm, thermal insulation NO CHANGES 6cm, Tepmomsonaupja 12 cm, mantep 1 cm
6cm, reinforced concrete 6cm reinforced concrete 16cm, thermal insulation
6cm, reinforced concrete 6¢cm, thermal
insulation 12cm, plaster 1cm
U (W/m?K) 058 058 0.20
Crosbalutby 3ug 2 S i i < 35 b
- = z2 £ z oz g
© @) © @) © O
Q. o o
External Wall 2 £ 3 s i s 3
T o T s} I e}
> [= > [ > [
(@] (@) (o]
6eToH 8cm), Tepmonzonalinja 6cm, 6eToH 6¢cm HEMA N3MEHA 6eToH 8cm, Tepmou3onaLmja 6¢cm, 6eToH 6¢m,
reinforced concrete 8cm, thermal insulation NO CHANGES Tepmouzonaumja 12cm, Mantep 1cm
6¢cm, reinforced concrete 6cm reinforced concrete 8cm, thermal insulation
6¢cm, reinforced concrete 6cm, thermal
insulation 12cm, plaster Tcm
U (W/m?K) 0.59 0.59 0.20
Crosbalutsy 31 3 5 3 S B 5 3 b
_ £ £ Z , 2 E 2
© O © O © @]
[oR [oR o
External Wall 3 £ 2 & 3 S 2
= e = B e = e
C c cC
(@] (@) (@]
TEPMOH ManTep 2cm, 6eToH 19cm, TepMoH HEMA N3MEHA TEPMOH ManTep 2cm, 6eToH 19cm, TepMOH
mantep 4cm NO CHANGES ManTep 4cm, Tepmomsonatmja 12cm,
termon insulating plaster 2cm, reinforced mantep 1cm
concrete wall 19cm, termon insulating termon insulating plaster 2cm, reinforced
plaster 4cm concrete wall 19cm, termon insulating plaster
4cm, thermal insulation 12cm, plaster Tcm
U (W/m?K) 1.76 1.76 0.27
314 Ka HerpejaHom o e b o b b
C = C = C =
cTeneHunwTy 1 - 3 - E £ E
aQ P Q © Q -
— = = =
: s £ s 2 5
e = = =
Partition Wall 5 5 5
to Unheated Staircase 1 geron 22cm 6eToH 22cm, Tepmoun3onaLivja 5cm 6eToH 22cm,Tepmoun3onaLivja 5cm
reinforced concrete wall 22cm rUNC KapToHCKe nnoye 1.25 cm rUNC KapTOHCKe nnoye 1.25 cm
reinforced concrete wall 22cm, thermal reinforced concrete wall 22cm, thermal
insulation 5cm, gypsum board 1.25cm insulation 5cm, gypsum board 1.25cm
U (W/m?K) 283 053 053




® - nepunog 1981 - 1990. F - period 1981 - 1990

CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
MehycnpatHa YhyTpa Inside YhyTpa Inside YiyTpa Inside

KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Cnosba Outside Cnosba Outside Cnosba Outside
il C et XpacTos napket 1cm, dbnopbut 2cm, MBLL HEMA M3MEHA HEMA M3MEHA
oI omsuticuien donwja, 38yuHa nzonauwja 1.5cm, Ab nnoua NO CHANGES NO CHANGES
to Unheated Area 20cm, TepMor3onaLmja 4cm, Mantep 2cm
(Basement) oak parquet flooring 1cm, wood-cement

screed 2cm, PVC foil, sound impact insulation
1.5cm, reinforced concrete slab 20cm, thermal
insulation 4cm, plaster 2cm

U (W/m?K) 0.45 045 045
Mehycrl paTHa Cnosba Outside Cnosba Outside Cnosba Outside

KOHCTPYKLUWja NCNoa

-_——--------
HerpejaHor NpocTopa _

YHyTpa Inside YHyTpa Inside YHyTpa Inside
Floor Construction kepamuuke nnounte 0.8cm, mantep 2.2cm,  HEMA MU3MEHA HEMA VI3MEHA
to Unheated Area dnopbut 2cm, MBL hponmja, 38yura vsona-  NO CHANGES NO CHANGES

umja 1.5cm, AB nnova 16.5cm

ceramic tiles 0.8cm, mortar 2.2cm, wood-ce-
ment screed 2cm, PVC foil, sound impact insu-
lation 1.5cm, reinforced concrete slab 16.5cm

U (W/mZK) 1.14 1.14 1.14
PaBaH Kpos Cnosba Outside Cnosba Outside Cnosba Outside
- e ]
——
e 1
YHyTpa Inside YHyTpa Inside YHyTpa Inside
6eTOHCKe nioye 4cm, necak 3cm, xuapomsona-  HEMA M3MEHA 6eTOHCKe nioye 4cm, necak 3¢m, TepMom3ona-
umja Tcm, Tepmomsonalmja 6cm, napHa 6para,  NO CHANGES umja 20cm, xuapousonauuja 1cm, Tepmomr3ona-
€10j 3a Mag MMH. 3cm, AB nnova 16.5cm Umja 6cm, NapHa 6paHa, ¢1oj 3a nag MyH, 3cm,
concrete tiles 4cm, 3cm sand, hydro insulation apM1PaHObEeTOHCKa MioYa 16.5cm
1cm, thermal insulation 6¢m, vapour barrier, concrete tiles 4cm, 3cm sand, thermal
concrete laid to fall (min. 3cm), reinforced insulation 20cm, hydro insulation 1cm, thermal
concrete slab 16.5cm insulation 6¢cm, vapour barrier, concrete laid to
fall (min. 3cm), reinforced concrete slab 16.5cm
U (W/mZK) 048 048 0.14
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

-+
i

[lpBeHW, 1BOCTPYKM Ca CMOjEHVM KpUvMa
1 jeIHOCTPYKMM CTakIOM. [1nactnyHa
ec/IuHeep poneTHa

Wooden, single frame, connected double
sash with single glazing. Plastic roller blind

YHanpeherbe 1 Improvement 1

[MBL| ca ABOCNOjHMM 130MaLMOHNM
HUCKOEMUCHOHNM CTaKNO-NaKeToM
MCMYHEHUM MHEPTHUM racoM

PVC, double glazed low-E glass unit, inert
gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.30 1.30 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

i ﬁ::
q | LLE
[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



® - nepunog 1981 - 1990. F - period 1981 - 1990

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boge

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
! 7
1
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- noBe3saH Ca CMCTeMOM rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHVKOM Yy noaCTaHNLN. 3merbrBay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Bate yHyTpalHVX 31MA0Ba Npema HerpejaHoMm MpOCTOpy (XOAHWK/CTeneHuwTe). Yrpadka Hosux npo3opa of MBLl npodwuna ca
ABOC/IOJHUM M30M1aUMOHIM HUCKOEMUCHMOHM CTaKo-MakeToMm. @  Yrpafrba TEPMOCTATCKMX BEHTUA MO CTaHoBMMa. MogepHusauuja
NOACTaHNLIE YrpafHOM CUCTEeMa 3a Perynauyjy NpoToKa Npema CNosbHOj TEMNEepaTypu U Meperbem UCropyyere eHeprije. Hannata npema
NOTPOLLHY MEPEHO] Y MOACTaHNLM. Yrpadrba LeHTPanHor c1ctema npunpeme Tornse Boje NoBe3aHor Ca CUCTEMOM rpejarba.

Insulation of interior walls to unheated areas (hallway/stairway). Installation of new PVC windows with double-glazed low-emissivity glass
unit. @ Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance
to the outside temperature and delivered energy measurement. Consumption based billing measured in the substation. Installation of the
central system for the hot water preparation connected to the heating system.

/130n0Batbe dacaHmx 31A0Ba KOHTAKTHOM TepMOV30NaLMoHOM Gacafom. V130n0Barbe yHyTpaltbyix 3140Ba NpemMa HerpejaHom Npoctopy
(xonHuK/CTeneHuLTe). PeKOHCTPYKLMja CnojeBa paBHOr KPOBa Ca MOCTaB/barbeM C/oja AofaTHe TepMUUKe 3aluTuTe. Yrpaatba HOBMX Npo3opa
oA MBL npodwna ca TPOCNOJHNMM 130MaLMOHNM HACKOEMUCUOHVIM CTaKNO-NaKeToM. Yrpaaba HOBUX METaHVX TEPMOM30NO0BaHVIX BpaTa. @
Yrpaatba TEPMOCTATCKYIX BEHTINA NO CTaHOBKMa. MOAepHY3aLmja NOACTaHMLE YrpaHOoM CCTeMa 3a perynalujy NpoToka npema CrosbHoj
TemnepaTtypu 1 Meperem UCnopydyeHe eHeprije. Yrpafrba Mymne ca NPOMEHbMBUM MPOTOKOM W OYMTaBarbeM MNOTPOLHE eHepriuje.
Hannata npema NoTpOwWH K MePeHO] y NOACTAHMUM. Yrpazitba LIeHTPAIHOT CUCTeMA NpUnpenMe Torne BOAE NOBE3aHOr Ca CUCTEMOM rpejatba,
Ca [AOMNYHCKMM CUCTEMOM CONapHUX KONEKTOPa 3a NOAPLLKY Y NpUnpemm Torne CaHUTapHe Boge.

Thermalinsulation of fagade walls with a contact fagade system. Insulation of interior walls to unheated areas (hallway/stairway). Reconstruction
of flat roof layers with installation of additional thermal protection. Installation of new PVC windows with triple-glazed low-emissivity glass
unit. Installation of new, thermally insulated, metal doors.  ® Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump
with variable flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

TonnoTtHX ryéunum
enemeHaTa TepMUYKOTr
OMOTaua 3rpage

Heat loss through the
thermal envelope

[W/K]

CneyundunuHa roauiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTckun paspeq

Energy class

®uHanHa eHepruja

Final energy

[KWh]

* npema [NpaBuIHKKY 0 eHepreTckoj edrkacHocTH 3rpaga (“Cn.rnacHuk PC’, 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnachuk PC’, 6p.61/2011)

MNocTtojehe cTare Present state
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YHanpehetrbe 2 Improvement 2
2200
2000
1800
1600
1400
1200
1000
800
600
400
200
|| =
4 7 8

12 3 5 6

1 - Cnosalutby 31, 2 — Mpo3opu v bankoHcka BpaTa, 3 — YnasHa spata, 4 — M3nor, 5 — 31a Ka HerpejaHom ctenenuwTty, 6 — MebycnpatHa
KOHCTPYKLWja M3HaA HerpejaHor nogpyma, 7 — MehycnpaTtHa KOHCTpYKLMja Ucnog HerpejaHor npoctopa, 8 — PasaH Kpos

1 — External wall, 2 — Windows and balcony doors, 3 — Entrance door, 4 — Display window, 5 — Wall to unheated staircase, 6 — Floor

construction to unheated basement, 7 — Floor construction below unheated area, 8 — Flat roof
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® - nepuog 1981 - 1990. F - period 1981 - 1990

YHanpeherbe TepMryKor oMmoTaua ca CCTEMOM rpejatba — eHePreTCKy GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarse
demand [ e e B N [ e e e B [ T O A

0 50 100% 0 50 100% 0 50 100%

[KWh]
EHepreHT
- [arsunHcko, pocnnHa NarbuHcko, docunHa [NarsnHcko, pocnnHa
Fuel ropviea ropviea ropviea

District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy

[KWh]

575330 738459
56% 72%

Emncmja CO,
CO, emission

[t

[NoTpowrba eHepruje

3a rpejarbe HakoH
npyMeHe rpaheBMHCKINX
N TRPMOTEXHUYKINX
mepa

Energy consumption
after refurbishment
measures

56% 72%
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M
G1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm o6jekTy
Similar buildings

<50%

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oanHa n3rpagre 1991-2011 Year of construction 1991-2011
bpoj eTaxa 2 (Mp+1) Number of floors 2 (Gf+1)

bpoj ctaHoBa 1 Number of apartments 1

MoepuwuHa (M?) HeTo rpejaHa  120-200 Area (m?) Net heated 120-200
3anpemuHa (m?) HeTo rpejaHa 300-550 Volume (m?) Net heated 300-550

CnpatHa Kyha KOMNakTHe MpaBOyraoHe OCHOBE,
Ca [BOBOJAHVM KPOBOM M BEIMKMM TaBaHCKMM MpOC-
TOPOM KOjW Ce He KopuCTh 3a 6bopasak. CNosbHN 3110~
BM CY 3WAaHM WYM/bMM BNIOKOBMMA 1 ManTepucaHi Unn
0bnoxkeHn cucteMom "KoHTakTHe dacaae” lNposopu cy
CTaHAAPAM30BaHNX AVMEH3Ma, Hajuelwhe ca "ecnuHrep”
ponetHama. TaBaHuLe Cy NONYMOHTaxHe apMupaHobe-
TOHCKe KOHCTPYKLMje Ca MCMYHOM Off LYMNSbKxX oneKap-
CKMX enemeHara.

A one-storey house with a compact rectangular floor
plan, with a pitched roof and a spacious attic. The exter-
nal walls were built of hollow blocks and rendered using
a contact fagade system. The standard-size windows are
usually equipped with Esslinger roller shutters. The rein-
forced concrete floor constructions are semi-precast
with hollow clay infill elements.



MopoaruHa kyha ca MacvBHUM 310BKMa Of Oreke
1 bacafom 13BeAEHOM Y BUAY ,KOHTAKTHE" TepMOM30SI0-
BaHe dacage. Ha Tepmorpamy ce youasa Huxa Temnepa-
Typa 31Aa HerpejaHor TaBaHa kao 1 rybuum tonnote Ha
MecTMMa Npofopa KOH3OJHKX Tepaca Kpo3 TepMUYKK
OMOTauY, OIHOCHO Y 30HWM CTpexe. KoHCTpyKUMja Npo3o-
pa v ynasHux BpaTa je HeoproBapajyha ca npuMeTHUM
TOMAOTHUM ryBuLMMa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

320

- nepnop 1991 —2012. G - period 1991 - 2012

A family house with massive brick walls thermal-
ly insulated with a contact facade system. The thermal
image reveals lower temperatures of the unheated attic
wall, as well as heat losses at the points where cantilev-
ered terraces penetrate the thermal envelope and at the
eaves zone. The window and entrance door construc-
tions are inadequate, showing noticable heat loss.

Energy class of building — existing state

Q,,, kWh/(m?a)]
240

<100

<150

<200

<250

+

> 250

w

w
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31a

External Wall

U (W/m?K)

lMperpagHu 31 Ka
HerpejaHoM NPOCTopy

Partition Wall
to Unheated Area

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehere 2 Improvement 2

[} [} (5} (] [} [}
o © © °© ° ©
2 g = g £ g
g o g o g o
= & > i = &
= e = g = e
(@] (@] o
mantep 2cm, rutep 610K 25¢cm, HEMA M3MEHA HEMA N3MEHA
Tepmonsonauuja 10cm, mantep 1cm - -
- NO CHANGES NO CHANGES
plaster 2cm, clay block wall 25cm, thermal
insulation 10cm, plaster Tcm
032 0.32 032
i (9] (] [} [ (9]
° © ° © ° ©
2 - g 2 £
g 5 B S 8 S
= 2 > i = 2
= e = e = e
(@] (@] (@]
ManTtep 2cm, rutep 610k 19cm, mantep 2cm  HEMA VI3MEHA Mantep 2cm, rutep 6110k 19cm, mantep 2cm,
- - Tepmowusonauynja 5em,
plaster 2cm, clay block wall 19cm, NO CHANGES rMNCKapTOHCKe nnoye 1.25cm
plaster 2cm _
plaster 2cm, clay block wall 19cm,
plaster 2cm, thermal insulation 5cm,
gypsum board 1.25cm
1.51 1.51 0.46




- nepwop 1991 - 2012, G — period 1991 - 2012

CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MehycnpaTHa
KOHCTPYKLWja NCMOA
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MehycnpaTHa

KOHCTPYKUWja 13Haf
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

namen napkeT 1¢m, LUem. Kowwyrbuia 4cm,
MBL| donmja 0.1cm, Tepmowizonaumja 6¢m,
xuppomsonauuja 1cm, HabujeHn 6eToH 8cm,
WwbyHak 10cm

parquet 1cm, cement screed 4cm, PVC

foil 0.1cm, thermal insulation 6cm, hydro
insulation 1cm, rammed concrete 8cm,
gravel 10cm

0.32

Cnosba Outside

YHyTpa Inside

JIMT TaBaHu1ua 20cm, mantep 2 cm

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

247

YHanpeherbe 1 Improvement 1

YhyTpa Inside

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.32

Cnora Outside
YHyTpa Inside

Tepmousonauuja 10cm, JIMT TaBaHvua
20cm, mantep 2 cm

thermal insulation 10cm, LMT slab with
hollow clay block 20 cm, plaster 2cm

0.39

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, UeMeHTHa Kowyrburua 3¢m,
JIMT TaBanmua 20cm, mantep 2 cm

parquet 2.2cm, cement screed 3cm, LMT
slab with hollow clay block 20 cm, plaster
2cm

1.49

YHyTpa Inside

YA

OO

Cnosba Outside

MapKeT 2.2cm, LeMeHTHa KoLlysbu1La

3cm, JIMT TaBaHuvua 20cm, mantep 2cm,
Tepmomsonauuja 10cm, mantep 1cm
parquet 2.2cm, cement screed 3cm, LMT
slab with hollow clay block 20 cm, plaster
2cm, thermal insulation 10cm, plaster 1cm

0.30

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGE

0.32

Cnospa Outside

YHyTpa Inside

Tepmowzonaumja 20cm, JIMT TaBaHumua 20cm,
Mantep 2 cm

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

0.16

YHyTpa Inside

LA

Cnosba Outside

NnapkeT 2.2cm, UeMeHTHa Kolwyrburua
3cm, JIMT TaBaHmua 20cm, mantep 2cm,
Tepmonsonauymja 15cm, rmnc KapToHCKa
nnoya 1.25cm

parquet 2.2cm, cement screed 3cm, LMT
slab with hollow clay block 20 cm, plaster
2cm, thermal insulation 15cm, gypsum
board Tcm

0.22
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

ANYMUHW]YMCKV Ca ABOC/IOJHUM
30M1aLMOHVIM CTaK/O-MaKeToM

Aluminium, double glazed unit

YHanpeherbe 1 Improvement 1

ANYMUHW]YMCKV Ca ABOCTIOJHUM
130M1aLMOHNM HUCKOEMUCHOHUM CTaKmo-
NaKeTOM WCMyHEHUM UHEPTHIM racoM
Aluminium, double glazed low-E glass unit,
inert gas filling

YHanpehetbe 2 Improvement 2

ANYMUHW]YMCKW Ca TPOCNIOJHM
130M1aLVIOHVIM HACKOEMUCUOHUM CTaKo-
NaKeTOM WCMYHEHUM MHEPTHVIM racom
Aluminium, triple glazed low-E glass unit,
inert gas filling

3.10 1.50 1.10
ANYMUHWjyMCKa Ca CTakNeHOM UCMYHOM HEMA M3MEHA ANYMUHW]yMCKa, KpWo ca
- - TePMOU30MaLMOHOM UCTYHOM
Aluminium, leaf with glass NO CHANGES -

Aluminium, insulated leaf
3.30 3.30 1.60

Cuctemu rpejarba v npunpeme Torsie Boge Heating and hot water system

-

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

LleHTpanHu cucTem rpejarba Ha ApBa,
pagwvjaTopn

Central hot water heating system (wood
boiler)

LleHTpanHm crcTtem rpejarba Ha ApBa,
MUPOUTAYKI KOTAO Ca akymynaTopoM Boae
3a rpejarbe

Central heating with a biomass boiler for
pellets or logs, wood gasification boiler with
a buffer tank

-‘-I- -

LleHTpanHu cuctem rpejarba ca TOMAOTHOM
nyMnom Basfyx/Boaa

Central heating with an air/water heat pump



Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTarbe Present state

Cuctem npunpeme
Tonne Boge

Hot water system

EnekTpuunu 6ojnep

Electric boiler

YHanpeherbe 1 Improvement 1

LleHTpanHu cuctem npunpeme
TOMMEe CaHWUTapHe BOAE NOBE3aH Ca
CUCTEMOM rpejarba

Central supply with a domestic

hot water — DHW cylinder in
combination with a heat generator

- nepnop 1991 —2012. G - period 1991 - 2012

YHanpeherbe 2 Improvement 2

LleHTpanHu cuctem npunpeme
TOM/e CaHUTapHe Bofe NoBe3aH ca
CUCTEMOM rpejarba

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

Onuc yHanpeherwa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

/130n0Barbe XOPW3OHTaNHE KOHCTPYKLUMjE M3HaA HerpejaHor Npoctopa. V3onoBarbe XOpr3OHTaHe KOHCTPYKLUVMje Ka HerpejaHoM TaBaHy.
3ameHa noctojehrx NPo3opCKMx CTakana ABOCIOJHNM M30MALMOHVM HUCKOEMUCUOHUM CTako-Nnaketma. @  MHCTanauuja LeHTpanHor
cvcTeMa rpejarba U npunpeme ToMne CaHUTapHe BOAE Ca MMPOIMTUYKMM KOTJIOM BUCOKOT CTeMeHa MCKOpULITErba. HUCKoTeMnepaTypHu
CVCTeM rpejarba Ca M30/10BaHVM LIEBHVIM BOAOBVIMA U BPEMEHCKUM/TeMMNepaTypHUM perynatoprma.

Insulation of the floor construction above unheated area. Insulation of the floor construction to the unheated attic. Replacement of the
existing windowpanes with double-glazed low-emissivity glass unit. ® Central heating and domestic hot water supply with high efficient
wood gasification boiler. Low temperature heating system with insulated pipes and time and temperature programmable control unit.

13onoBarbe yHyTpalHbVX 3MA0BA Ka HerpejaHoM MpoCTopy. V3onoBarbe XOpU3OHTaNHe KOHCTPYKUMje W3HaZ HerpejaHor npocTopa.
/130n0Batbe XOPK30HTaNHe KOHCTPYKLMjE Ka HerpejaHom TaBaHy. 3ameHa noctojehrix Npo30pCKyx CTakana TPOCNOJHWM M30NaLMOHIM
HUCKOEMMUCHOHMM CTaKNO-NaKeTVMa. Yrpa/itba HOBIX METaNHUX TePMOV300BaHVx BpaTa. @ VIHCTanaumja LeHTpanHor cuctema rpejatba v
npunpeme Tomse caH1TapHe BOAe Ca TOMIOTHOM MyMMOM Ba3fyx/Bofa Kao reHepaTopom TonnoTe. HuckoTemnepaTypHW CUCTeM rpejatba ca
1130/10BaHMM LIEBHVIM BOAOBMMA V1 BDEMEHCKMM/TeMMNEPATYPHUM perynatopuma.

Insulation of interior walls to unheated area. Insulation of the floor construction above unheated area. Insulation of the floor construction
to the unheated attic. Replacement of the existing windowpanes with triple-glazed low-emissivity glass unit. Installation of new thermally
insulated metal doors. ® Central heating and domestic hot water supply with air/water heat pump as a heat generator. Low temperature
heating system with insulated pipes and time and temperature programmable control unit.
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YHanpeherbe TepMUUKOT OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *
MNocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTtHX ryéunum 300 300 300
enemeHaTa TepMUYKOTr

oMoTaua 3rpage B
B 250 250 250
Heat loss through the
thermal envelope 200 200 200
[W/K] I
150 I 150 150
100 I 100 100
50 I 50 . 50
3.4 5 7

| | - i
12 34 5 6 7 12 3 4 5 6 7

6 12

1 - Cnomalutby 31, 2 — Mpo3opwu, 3 — BpaTa, 4 — 3uy Ka HerpejaHom NpocTopy, 5 — MehycnpaTHa KOHCTPYKLWMja Ka HerpejaHom TaBaHy
6 — MehycnpaTHa KOHCTpYKUMja U3HaA HerpejaHor npoctopa, 7 — lNog Ha Ty

1 - External wall, 2 = Windows, 3 — Doors, 4 — Partition wall to unheated area, 5 — Floor construction to unheated attic,
6 — Floor construction above unheated area, 7 — Ground floor
[kWh/m?/ year]

EHepreTckun paspeq

; | ) I

Energy class

CneyundunuHa roauiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Finl ene. [ e ] 3] [z
& e 1

[ T Y B [ T e
[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema [NpaBuIHKKY 0 eHepreTckoj edrkacHocTH 3rpaga (“Cn.rnacHuk PC’, 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnachuk PC’, 6p.61/2011)

344



- nepwop 1991 - 2012, G - period 1991 - 2012

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejatba — eHepreTckn GunaHc
Thermal envelope improvement with heating system - energy balance

EHepruja noTpebHa 3a
rpejarbe

Heating energy
demand

[KWh]

EHepreHT

Fuel

lNpumapHa eHeprija

Primary energy

[KWh]

Emncmja CO,
CO, emission

(ka]

[NoTpouwrsa eHepruje

33 rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures

NocTojehe cTare Present state

YHanpebherbe 1 Improvement 1

0 50 100% 0 50 100%
Hpso Hpso
Wood Wood
7737
83%
0 0
A E A B A E E B
0 50 100% 0 50 100%
73%

YHanpehetbe 2 Improvement 2

EnekTpryHa eHepruja
Electricity

94%
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M2
G2

MopopaunyHa Kyha y Hu3y

Cnnunm o6jekTy
Similar buildings

)

0oool. ...
ooon

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 1991-2011 Year of construction 1991-2011
Bpoj eTaxa 3 (Mp+14MK) Number of floors 3 (Gf+1+L)
bpoj cTaHoBa 1 Number of apartments 1

MospuwnHa (M?) HeTo rpejaHa  120-150

Area (m?) Net heated 120-150

3anpemuHa (m?) HeTo rpejaHa 350-450

Volume (m?3) Net heated 350-450

Kyhe y H13y, penaTrBHO pa3yheHe ocHOBe, ca ABOBO-
AHVM KOCKIM KPOBOM ¥ MOTKPOBHVIM MPOCTOPOM KOji Ce
KOPWUCTW 3a CTaHoBarbe. MacafjHy 31MaoBK Cy "ceHasuy”
KOHCTPYKUMje, Ca MAacVBHMM 3MAOBMMA Of OfeKe Wi
ruTep 610Ka, TePMOM30NAUMOHMM CojeM 1 0631a0M
of, dacagHe oneke. [Mpo3opn Cy ApBEHW Ca M30NaUWo-
HM CTaK/IOM 1 "eciHrep” pofeTHaMa Kao 3alTUTOM Of
CyHUa. TaBaHuLe Cy MONYMOHTaXKHE apMUPaHODETOHCKe
Ca UCMYHOM Off WYMNSbUX ONEKAPCKUX enemeHaTa, 10K je
KpOB Y BMY KOCe mode. Y CBUM No3uUmjama TepMUYKOr
OMOTaua NoCToj TePMOM30AALMOHN CO).

Houses in a row with a relatively complex floor plan,
with a pitched roof and an occupied loft. The facade
walls are sandwich constructions consisting of massive
brick or cellular clay block wall, a layer of thermal insu-
lation, and fagade brick cladding. The wooden windows
have thermal glazing and Esslinger roller shutters. The
reinforced concrete floor constructions are semi-precast
with hollow clay infill elements. All elements of the ther-
mal envelope are insulated.



- nepnop 1991 —2012. G - period 1991 - 2012

MopoanuHa Kyha y HW3y ca MacuBHWUM dacagHVM
31aoBMMa of ruTep 6oKa, TepMonsonaumjom n ob3u-
nom ofy dacagHe oneke. Kyha ce rpeje y uenoctv a Ha
TepMOrpamy MoXe BWAETV YHUDOPMHO MoHaLarbe Y3
OACYCTBO M3Pas3nTUX JIMHWjCKMX TrybuTaka. Tepmuuke
nepdopmaHce 310Ba Kao ¥ KOHCTPYKUMWja Npo3opa v
BpaTa Cy y CKnafy ca, 3a To foba, Baxehvm nponucuma
13 00NaCTV TONNOTHE 3aLTUTe.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]

212

A family house in a row with massive hollow clay
block facade walls, brick cladding, and thermal insu-
lation. The entire house is heated; the thermal image
shows uniformity and no distinctive linear losses. Ther-
mal performance of the walls and window and door
constructions complied with the thermal regulations of
its time.

Energy class of building — existing state

Q,,, kWh/(m?a)]
159

<100

<150

<200

<250

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehere 2 Improvement 2
Cnorballtbn 31a, 3 3 5 3 S 3
- E g 2 gz E
© O © O © O
External Wall < 3 £ 3 e 2
&3 e £ e 4 °
(@] (@] o
mantep 2cm, rutep 6nok 19cm, ME donnja, HEMA M3MEHA HEMA M3MEHA
Tepmom3onaumja 8 cm, pacagHa oneka 12cm  NO CHANGES NO CHANGES
plaster 2cm, clay block wall 19cm, PE foil,
thermal insulation 8cm, facing brick 12cm
U (W/m?K) 032 032 032
MNperpaaHy 31 ka b T 3 T 3 b=
) 2 z 2 2 2 2
HerpejaHom npoctopy  — 3 - 3 = 3
Q © Q © Q o
- > S 3 s 3 5
iti > = >
Partition Wall S 5 S
to Unheated Area
ManTtep 2cm, oneka 12cm, HEMA N3MEHA HEMA NU3MEHA
TepmMou3onauuja 5cm, Mantep 2cm NO CHANGES NO CHANGES
plaster 2cm, brick 12cm,
thermal insulation 5cm, plaster 2cm
U (W/m?K) 0.69 0.69 0.69
3ua Ka cyceny b b 3 3 o b
_ Z 2 g g 2 2
© @) © O © O
Wall to the Adjacent £ 3 3 3 £ 3
Building > e . e > e
(@] o (@]
mantep 2cm, rutep 6nok 19cm, ME donnja, HEMA M3MEHA HEMA M3MEHA
Tepmom3onaumja 5cm, rutep 610K 19cm, NO CHANGES NO CHANGES
ManTep 2cm
plaster 2cm, clay block wall 19cm, PE foil,
thermal insulation 5cm, clay block wall
19cm, plaster 2cm
U (W/m?K) 042 042 042
lNoa Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside
Ground Floor BT
Cnosba Outside Cnorsba Outside Cnorsba Outside
Kepammnuke nnouumle 1cm/ napket 1cm, HEMA M3MEHA HEMA N3MEHA
uemeHTHa Kolwysbiua 3cm, MNE donvja, NO CHANGE NO CHANGE
Tepmousonaymja 5cm, xuapovsonauuja
1cm, Ab nnoya 10cm, wibyHak 15cm
ceramic tiles 1Tcm/parquet 1cm, cement
screed 3cm, PE foil, thermal insulation 5cm,
hydro insulation 1cm, reinforced concrete
10cm, gravel 15cm
U (W/m?K) 0.28 0.28 0.28
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CknonoBsu TepMmmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Me‘r')ycn paTHa Cnosba Outside Cnora Outside Cnospa Outside
KOHCTPYKUWja NCMOA
HerpejaHor TaBaHa

Floor Construction

to Unheated Attic YHyTpa Inside YHyTpa Inside YHyTpa Inside
Tepmomzonaumja 5 cm, TM3 taBaHumua 20 cm,  Tepmomsonauuja 10cm, Tepmonsonaumja Tepmownsonauymja 20cm, TepMorzonaumja
Mantep 2 cm 5cm, TM3 TaBaHmua 20cm, mantep 2 cm 5cm, TM3 TaBaHmua 20cm, mantep 2cm
thermal insulation 5cm, TM3 slab with thermal insulation 10cm, thermal insulation  thermal insulation 20cm, thermal insulation
hollow clay block 20 cm, plaster 2cm 5cm, TM3 slab with hollow clay block 20 cm,  5cm, TM3 slab with hollow clay block 20 cm,

plaster 2cm plaster 2cm
U (W/mZK) 052 0.20 013
Me‘r')ycrl paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside

KOHCTPYKLUMja 13Hag
HerpejaHor nNpocTopa

Floor Construction

to Unheated Area Cnosba Outside Cnosba Outside Cnosba Outside
napKeT 2cm, Liem.kow 5¢cm, nyTadoH Tcm, HEMA N3MEHA napKeT 2cm, LieMeHTHa KoLy buLa 5¢m,
TM3 TaBaHuLUa 20cm, Tepmousonaumja 5cm, NO CHANGES nnytapoH Tcm, TM3 taBaHwmua 20cm,
Mantep 2cm Tepmowusonaumja 5cm, mantep 2cm,
parquet 2cm, cement screed 5cm, sound Tepmonsonaumja 10cm, mantep 1cm
insulation Tcm, TM3 slab with hollow clay block parquet 2cm, cement screed 5cm, sound
20 cm, thermal insulation 5cm, plaster 2cm insulation 1cm, TM3 slab with hollow clay

block 20 cm, thermal insulation 5cm, plaster
2cm, thermal insulation 10cm, plaster 1cm

U (W/m?K) 043 043 0.20
Koc kpoB Cnosa Outside Cnora Outside Cnosba Outside

Pitched Roof

YHyTpa Inside YHyTpa Inside YHyTpa Inside

MeavTepaH upen, nonpeyHe NeTee, KPOBHa HEMA M3MEHA MeavTepaH Lpen, nonpeyHe NeTee, KPOBHa
nenexKka, Tepmomsonaumja 8cm /Tanne 5/8cm - NO CHANGES neneHka, Tepmovsonauuja 15cm/ tanne

Ha 60cm, ME dponwja, Ab nnoda 10cm 5/15cm Ha 60cm, Tepmov3onauuja 8cm / Tanne
Mediterranean clay roof tile, battens, roofing 5/8cm Ha 60cm, TE ponuja, Ab nnoda 10cm
paper, thermal insulation 8cm/plank 5/8cm Mediterranean clay roof tile, battens, roofing
at 60cm distance, PE foil, reinforced concrete paper, thermal insulation 15cm /plank

slab 10cm 5/15cm at 60cm distance, thermal insulation

8cm /plank 5/8cm at 60cm distance, PE foil,
reinforced concrete slab 10cm

U (W/m?K) 047 0.47 0.18
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

-+
i

JlpBeHu, ca ABOCNOjHIM MU301aLMOHNM
CTaK/O-NaKeToOM, MeTasH Kanum

Wooden, double glazed unit, metal shutters

3.00

YHanpeherbe 1 Improvement 1

-+
r

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCUOHUM CTaK/O-MakeTom
UCMYHEHUM MHEPTHUM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

1.50

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

[pBeHa, Kpuno o nyHor apeeTta

Wooden, solid wood leaf

3.00

[psera vnu MBL, kpuno ca
TEPMOM30M1aLMOHOM MCMYHOM

Wooden or PVC, insulated leaf

1.50

[pseHa nnw MBL, kpuno ca
TePMOU30MaLMOHOM UCMyHOM

Wooden or PVC, insulated leaf

1.50

Cuctemu rpejatba v Npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopwja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

p——

v —

[armmHcKo Ha docuiHa ropusa

District heating (fossil fuel)

[larbHCKo Ha GocuiHa ropusa.
TepmocTatcku BeHTUNW. MoaepHm3auwja
nofcTaHunLe - perynauuja npema crnosbHoj
TemnepaTypu. Hannata npema noTpoLutbi
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing

[larbnHCKO Ha docunHa ropuea.
TepmocTatckn BeHTUnn. MogepHusauumja
NOACTaHMLE - NyMNa NPOMEHbUBOT NMPOTOKa
1 perynaumja npema CrnosbHoj Temnepatypu.
Hannata npema notpouwsK

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing



- nepnop 1991 —2012. G - period 1991 - 2012

Cuctemm rpejara 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MNocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

1 S
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme
- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONApHWMX KONeKTopa.

CMPEMHUKOM Y MOACTaHULM V13merbrBay TonmoTe ca
- CNPEMHUKOM Y NOACTaHWLM
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation system and a solar thermal system.

Heat exchanger in substation

Onuc yHanpehewa Improvement measures description

YHanpehetbe 1

Improvement 1

YHanpeherse 2

Improvement 2

[loaaTHO M30710Barbe XOPU3OHTAIHE KOHCTPYKLIVjE MpemMa HerpejaHoM TaBaHy. Yrpa/rba HOBIX APBEHVX MPO30pa Ca ABOCIIOjHIM U301aLUMOHMM
HUCKOEMMCMOHUM CTakMo-NakeToM. Yrpafitba HOBMX TEPMOV30MOBaHWX BpaTa. @  Yrpafrba TEPMOCTATCKVX BeHTWNa. MopepHu3saumja
NOACTaHNLE YrpaaHOoM CUCTeMa 3a Perynauwjy NpoToKa Nnpema CrosbHOj TEMNEPaTypy 1 Meperbem UCropyyeHe eHeprije. Hannata npema
NOTPOLLHM MEPEHOJ Y MOACTaHNLM. Yrpatba LIeHTPaNHOr c1cTema Npunpeme Tornne Boje NoBe3aHor ca CUCTEMOM rpejarba.

Additional insulation of the floor construction to the unheated attic. Installation of new wooden windows with double-glazed low-emissivity
glass unit. Installation of new, thermally insulated, doors. @ Installation of termostatic valves. Modernization of the substation by installing
controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption based billing measured
in the substation. Installation of the central system for the hot water preparation connected to the heating system.

[lofaTHo v30mnoBarbe XOPW3OHTaNHe KOHCTPYKLMje npeMa HerpejaHoM TaBaHy. [loAaTHO M3010Batbe XOPU3OHTaNHe KOHCTPYKLUMje M3Haj
HerpejaHor npocTopa. [JofaTHO 13010Bakbe KOce KPOBHE KOHCTPYKLMje (PeKOHCTPYKLWja Cnojesa). Yrpaarba HosuMx Nposopa o MNBLL npoduna
Ca TPOCNOJHVIM M30MaLMOHNM HUCKOEMVCVOHMM CTaKNO-MakeToM. Yrpadka HOBKX TEPMOM3ONOBaHYX BpaTa. @  Yrpaarba TepMOCTaTCKIMX
BeHTWNa. MozepHmualmja NnoacTaHnLe yrpafhoM CUcTeMa 3a perynaumjy NpoToka Npema CrosbHOj TeMMepaTtypy v MeperbemM  UCropyyeHe
eHepryvije. Yrpaftba nymne ca NPOMEHSBbYBYM MPOTOKOM M OuMTaBarbeM MOTPOWHe eHeprvje. Hannata npema NoTpowWwby MepeHoj y
noACTaHULW. Yrpaarba LeHTpanHor cuctema npunpeme Torse BoAe NoBe3aHor ca CUCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM CONapHIMX
KoneKTopa 3a NOAPLUKY Npunpeme Tornmne CaHUTapHe Bofe.

Additional insulation of the floor construction to the unheated attic. Additional insulation of the floor construction above the unheated area.
Additional insulation of the pitched roof construction (reconstruction of layers). Installation of new PVC windows with triple-glazed low-
emissivity glass unit. Installation of new, thermally insulated, doors. ®  Installation of termostatic valves. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump
with variable flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.



352

HauwoHanHa Tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

T2 3 5 6 2 3 5 6

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTtHX ryéunum 30 30 80
enemMeHata TepMUYKor
OMOTaua 3rpage 70 70 70
Heat loss through the 60 60 60
thermal envelope

50 50 50
[W/K]

40 40 i 40

30 i 30 i 30

20 I 20 H I 20

10 I 10 I I 10

9 1 9

| - || [ |
I II I II I -I
4 7 8 4 7 8 4 7 8

1 - Cnosalutby 31, 2 — Mpo3opwu, 3 — BpaTta, 4 — 31y Ka HerpejaHom NpocTopy, 5 — 31A Ka cyceaHoM objekTy, 6 — MehycnpaTtHa KOHCTPYKLWja
Ka HerpejaHom TaBaHy, 7 — MehycnpaTtHa KOHCTPYKUMja U3HaZ HerpejaHor npoctopa, 8 — Mog Ha Ty, 9 — Koc Kpos

< I

T2 3 5 6

1 - External wall, 2 —= Windows, 3 — Doors, 4 — Partition wall to unheated area, 5 — External wall to adjacent building, 6 — Floor construction to
unheated attic, 7 - Floor construction above unheated area, 8 - Ground floor, 9 - Pitched roof
[kWh/m?/ year]

‘ 36‘(23%) g
EHepreTcki paspes

- Py | ) | )

Energy class

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener [ wee ] [ mm [ s ]
& e et [ e e

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepPreTcky buaHc
Thermal envelope improvement with heating system - energy balance

lMNocTtojehe cTare Present state

EHepruja notpebHa 3a
rpejarbe

Heating energy
demand

[KWh]

EHepreHT
- [arnHcKo, docunHa
Fuel ropuea
District heating / fossil fuel

YHanpebherbe 1 Improvement 1

[NamuHcko, docnnHa
ropvea
District heating / fossil fuel

YHanpehetbe 2 Improvement 2

HarsuHcko, docvnHa
ropvsa
District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
Tkg] 0 50 100%

[oTpowrba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKINX
mepa

Energy consumption
after refurbishment
measures

12673 .

27%

[ e
50

a

0 100%

17199
37%

[
100%

[
0 50
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3
G3

CrambeHa cnobopgHocTtojeha 3rpaga

CnnyHm 06jekTn

Similar buildings
ooo
- 000 |<so%
A oo
q
2 A

Free-standing residential building

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multy-family housing
[oanHa n3rpagre 1991-2012 Year of construction 1991-2012

bpoj eTaxa 5 (Mo+Mp+3+T1k) Number of floors 5 (B+Gf+3+L)

bpoj ctaHoBa 15-25 Number of apartments 15-25

MoepuwyHa (M?) HeTo rpejaHa  1000-1500 Area (m?) Net heated 1000-1500
3anpemuHa (m?) HeTo rpejaHa 2500-4000 Volume (m?) Net heated 2500-4000

CrambeHa 3rpafia penaTuBHO KOMMakTHe OCHOBE, Ca
KOCMM KDOBOM 1 CTAHOBMMA Y NOTKPOBHO] eTaxu. 31a0-
BM CYy MACWMBHM, 31AaHW rutep OGJI0KOM WAK OMNEKOM,
Crorba OBNOXKEHW PA3NUYUTIM KOHTAKTHUM TEPMOU30-
naunoHnM GacagHum cuctemmma. Nposopw cy o MNBL-a,
ca TEPMOM30NALIMOHNM CTaKMOM W MAACTUYHMM CMOSb-
HUM "ecnMHrep” ponetHama. MehycnpaTHe KOHCTPYKLUWje
Cy Hajuewhe MONYMOHTaXHe, Ca UCMYHOM Off LYNSbux
6nokoBa. lNoApymMcke NpocTopuje Ce He KopwcTe 3a
6opagak, a nNpusembe objekTa MoKe OUTU HamerseHO
CTaHOBakby WM TepUMjanHUM fenaTHocTmMa. Cee mosu-
Lpje TepMUYKOT OMOTaua Cy 130510BaHe.

354

A residential building with a relatively compact floor
plan, a pitched roof and an occupied loft. The massive
walls built of cellular clay block or brick are coated with
a variety of contact thermal insulation facade systems.
PVC windows have thermal glazing and external plastic
Esslinger roller shutters. The floor constructions are usual-
ly semi-precast, with hollow block infill. The basement is
unoccupied while the ground floor may be intended for
a residential purpose or tertiary businesses. All elements
of the thermal envelope are insulated.



- nepnop 1991 —2012. G - period 1991 - 2012

CrambeHa 3rpajja ca MaCMBHUM 3MAOBMMA Off T1Tep
6oka v hpacafom 13BeaeHOM Y By ,KOHTaKTHe" TepmMo-
n3onosaHe dacage. Ha Tepmorpamy ce youaBa OACYCTBO
13Pa3nTIX 30Ha TOMNOTHUX rybuTaka oM Ha dpacanHoj
CTONapuju 1 AeNMMIUYHO Ha nnovama epkepa. Moryhe je
NPYMETVTY TauKacTe ToMne 30He HacTase Kao nocneaw-
Lia rnojase 3a30pa NPUIMKOM NOCTaB/bakba TePMOM30na-
LIMOHMX M10Ya.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
111

A residential building with massive hollow clay block
walls and a contact facade insulation system. The ther-
mal image reveals no noticeable heat loss zones except
at facade window constructions and partially at jetty
panels. There are spotted heat zones resulting from gaps
occurring at installment of thermal insulation panels.

Energy class of building - existing state

Q,,, kWh/(m?a)]
78

<100

<150

<200

<250

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 3uf

External Wall

U (W/m?K)

31 Ka HerpejaHom
cTeneHnwTy 1

Partition Wall

to Unheated Staircase 1

U (W/m?K)

31 Ka HerpejaHom
CTENeHNWTY 2

Partition Wall

to Unheated Staircase 2

U (W/m?2K)
MebycnpaTHa

KOHCTPYKUWja 13HaA
OTBOPEHOT MPOCTOpa

Floor Construction
to Outside Area

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehere 2 Improvement 2

Cnosba Outside

[} () (] (9] [}

° ° ° ° °

% 3 ) 3 5

< E < E <

© @] © O ©

= 3 = 3 =

a S 2 s 2

= 2 = 2 =

(@] (@]

Mantep 2cm, rutep 610k 25¢cm, HEMA N3MEHA Mantep 2cm, rutep 610k 25cm,

Tepmowusonaumja 5cm, mantep Tcm NO CHANGES Tepmowusonaumja 5cm, mantep Tcm,

plaster 2cm, clay block wall 25cm, thermal Tepmomsonauwja 12cm, mantep 1cm

insulation 5¢cm, plaster Tcm plaster 2cm, clay block wall 25cm, thermal
insulation 5cm, plaster 1cm, thermal
insulation 12cm, plaster Tcm

0.53 0.53 0.20

[} (] [ (9] [

ke, ° hel ° S

& 2 5 2 &

< 5 £ 5 <

© (@) © @] ©

2 3 2 3 2

e 5 T 5 e

> 8 > 8 >

(@] (@]

Mantep 2cm, rutep 6510k 19cm, mantep 2cm
plaster 2cm, clay block wall 19cm, plaster 2cm

mMantep 2cm, rutep 610K 19cm, mantep 2cm,
TepmMousonaumja 5cm, IMnCKapToOHCKe Mmioye
1.25cm

plaster 2cm, clay block wall 19cm, plaster 2cm,

thermal insulation 5cm, gypsum board 1.25¢cm

Cnorba Outside

Mantep 2cm, rutep 610k 19cm, mantep 2cm,
Tepmonsonaumja 5cm, ’MNCKapToOHCKe
niove 1.25cm

plaster 2cm, clay block wall 19cm, plaster 2cm,
thermal insulation 5cm, gypsum board 1.25cm

Cnorba Outside

1.51 0.46 0.46
w o v 3} w
he) he] hel © he)
& 3 vl ) &
< 5 < 5 <
© (@] © O ©
== © o < 2
> g 5 g £
= e = e =
() ()

mantep 2cm, Ab 31g 20cm, Mmantep 2cm
plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm

2.55

mantep 2cm, Ab 3ua 20cm, mantep 2cm,
Tepmom3onatmja 5cm, TMncKapToHCKe niove
1.25cm

plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 5cm, gypsum
board 1.25cm

0.52

mantep 2cm, Ab 31g 20cm, Mantep 2cm,
TepMou3onauwja 5cm, rMncKapToHCKe nnoye
1.25cm

plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 5cm, gypsum
board 1.25cm

0.52

YHyTpa Inside
=]

Cnosba Outside

napkeT 2.2cm, LeMeHTHa KoLy buLa 3¢m,
3ByYHa m3onaunja 2cm, JIMT TaBaHmua 20cm,
Tepmowmsonaumja 5cm, mantep Tcm

parquet 2.2cm, cement screed 3cm, sound
insulation 2cm, LMT slab with hollow clay block
20cm,thermal insulation 5cm, plaster Tcm

043

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGE

043

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGE

043




- nepwop 1991 - 2012, G — period 1991 - 2012

CknomnoBsu TepMmmuykor omoTada Elements of the thermal envelope

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
MehycnpaTHa YHyTpa Inside YiyTpa Inside Yuyrpa Inside
)

KOHCTPYKUMja 13Hag
HerpejaHor NpocTopa
(noapym) =

AR N N WAV

_ Cnorpa Outside Cnosa Outside Cnorpa Outside
Floor Construction Kepamuuke naounte 1cm, LeMeHTHa Kepamuuke naounle 1cm, LieMeHTHa Kepamuuke naounle 1cm, LemMeHTHa
Unh dA Kolwysburlia 3cm, 38y4Ha n3onaumja 2cm, JIMT - kowwysbuua 3cm, 3By4YHa 13onaumja KoLysbuLa 3¢m, 3By4Ha 13onauuja
to Unheate rea TaBaHuua 20cm, mantep 2cm 2cm, JIMT TaBaHumua 20cm, mantep 2cm, 2cm, JIMT TaBanmua 20cm, mantep 2cm,
(Basement) ceramic tiles 1cm, cement screed 3cm, Tepmownsonaymja 10cm, mantep Tcm Tepmowmsonauuja 10cm, mantep 1cm
thermal insulation 2cm, LMT slab with hollow  ceramic tiles 1cm, cement screed 3cm, thermal — ceramic tiles Tcm, cement screed 3cm, thermal
clay block 20cm, plaster 2cm insulation 2cm, LMT slab with hollow clay block  insulation 2cm, LMT slab with hollow clay block
20cm, plaster 2cm, thermal insulation 10cm, 20cm, plaster 2cm, thermal insulation 10cm,
plaster Tcm plaster Tcm
U (W/m2K) 0.88 0.26 026
MehycnpaTHa Cnoma Outside Cnoma Outside Cnoma Outside

KOHCTPYKUWja ncnog

HerpejaHor npocTopa m ‘ ‘ m

Floor Construction YnyTpa Inside YHyTpa Inside YryTpa Inside

to Unheated Area MBL ponuja, Tepmomsonauwja 10cm, JIMT HEMA M3MEHA MBL ¢ponuja, repmowmsonauwja 10+10cm, JIMT
TaBaHumua 20cm, Mmantep 2cm NO CHANGE TaBaHuMua 20cm, Mantep 2cm
PVC foil, thermal insulation 10cm, LMT slab PVC foil, thermal insulation 10+10cm, LMT slab
with hollow clay block 20cm, plaster 2cm with hollow clay block 20cm, plaster 2cm

U (W/m?K) 0.30 0.30 0.16

Koc kpoB Cnorpa Outside Cnosa Outside Cnorpa Outside

B B — B —

Pitched Roof

WA

YHyTpa Inside YHyTpa Inside YHyTpa Inside
Tpane3acTvi um, netee, NBL donwija, por HEMA N3MEHA HEMA M3MEHA
10/14cm Ha 70cm / Tepmowmsonaumja 10cm + NO CHANGES NO CHANGES
Basayx 4cm, JIMT TaBaHuLa 20cm, Mantep 2cm
TEXT

U (W/mZK) 042 042 042
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[BL| ca ABOCNOjHMUM 130aLMOHKM CTaKO-
MaKeTom

PVC, double glazed unit

YHanpeherbe 1 Improvement 1

[MBL| ca ABOCNOjHMM 130MaLMOHNM
HUCKOEMUCHOHNM CTaKNO-NaKeToM
MyHEHUM UHEPTHIM racoM

PVC, double glazed low-E glass unit, inert
gas filling

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
Ny+HEHUM VHEPTHIM racom

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

2.80 1.30 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

JlarbMHCKO rpejarbe Ha pocuHa roprea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



- nepnop 1991 —2012. G - period 1991 - 2012

CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

/130n0Bate YHyTpalHbMX 310Ba NPemMa HerpejaHom NpocTopy (XOAHWK/CTeneHuTe). 30n0Barbe XOPU3OHTaNIHE KOHCTPYKLMje npema
HerpejaHom noapymy. Yrpadrsa Hosux npo3opa o [MBL npodwvna ca ABOCIOJHUM M30MALUMOHUM HUCKOEMWCUMOHVIM CTaKI0-NaKeToM.
®  Yrpafta TEPMOCTATCKMX BEHTWMA MO CTaHoBMMa. MOAepHY3aLUmja NOACTaHULE YrpafroM CUCTeMa 3a perynalujy npoToka npema
CMOSBbHOJj TeMMepaTypu U MeperbeM UCopyyeHe eHeprije. Hannata npema NoTpoLLHbM MepeHoj y NOACTaHNLN. YTpaarba LLeHTPanHOr cuctema
npvnpeme Tonse BOAE NOBE3aHOr Ca CUCTEMOM rpejatba.

Insulation of interior walls to unheated areas (hallway/stairway). Insulation of the floor construction to the unheated basement. Installation of
new PVC windows with double-glazed low-emissivity glass unit. @ Installation of termostatic valves in apartments. Modernization of the
substation by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Consumption
based billing measured in the substation. Installation of the central system for the hot water preparation connected to the heating system.

[lonatHo r3onoBarbe dacafHyx 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM Gacafiom. V3onoBarbe YHyTPaLLHbMX 31MA0Ba NMPemMa HerpejaHoM
NpOCTOpPY (XOAHWK/CTeNeHunLTe). V130n08arbe XOpU30oHTaNHE KOHCTPYKLMjE NpemMa HerpejaHom nogapymy. [loaaTHo 130n0Bakbe XOPK30oHTaNHe
KOHCTPYKUMje Mpema HerpejaHoM TaBaHy. Yrpafrba HOBMX Mpo3opa of MBLl npodwna ca TPOCNOjHUM M30MaLUMOHMM HUCKOEMUCHOHKM
CTaKno-nakeTom. Yrpafrba HOBYX MeTanH1X TePMOV30M10BaHNX BpaTa. ®  Yrpafrba TePMOCTATCKMX BEHTUA NO CTaHOBMMA. MoaepHW3aLvja
NOACTaHNLE YrpaArOM CMCTEMA 3a perynaLmjy NpoToKa npema CrosbHOj TeMnepaTypu 1 MEPerbeM UCMopyYeHe eHepruje. Yrpadka nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbem NOTPOLWHe eHepruje. Hannata npema NoTpoLwbK MepeHoj y NOACTaHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Tornne BOAE NOBE3aHOr Ca CUCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM CONAaPHMX KONEKTOPa 3a MOAPLUKY Y NprUnpemm
TOMn/e CaHUTapHe Boge.

Additional thermal insulation of facade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/
stairway). Insulation of the floor construction to the unheated basement. Additional insulation of the floor construction to the unheated
attic. Installation of new PVC windows with triple-glazed low-emissivity glass unit. Installation of new, thermally insulated, metal doors. @
Installation of termostatic valves in apartments. Modernization of the substation by installing controlling flow system in accordance to the
outside temperature and delivered energy measurement. Installation of the pump with variable flow and reading of the energy consumption.
Consumption based billing measured in the substation. Installation of the central system for the hot water preparation connected to the
heating system, with additional solar thermal system to support preparation.
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YHanpeherbe TepMuyKor omotaya — eHepretckn 6unanc * Thermal envelope improvement — energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHW ryéunum 600 600 600
enemMeHata TepMUYKor
omoTaya 3rpage
B 500 500 500
Heat loss through the I I
thermal envelope 400 400 400
[W/K] I I I
300 I I 300 I 300
200 I I 200 I 200
100 100 100 I
I I I I | I I I | . I . -
1 2 3 4 5 6 7 1 2 3 4 5 6 7 12 3 4 5 6 7

1 — Cnosbaluts 3ug, 2 — Mpo3opu 1 6ankoHcka Bpata, 3 — YnasHa 8pata, 4 — 31/ Ka HerpejaHom cTeneHumwTy, 5 — MehycnpaTHa KOHCTPYKUja 13Haga,
HerpejaHor nogpyma, 6 — MehycnpaTHa KOHCTPYKLMja 1CNOZ HerpejaHor NpocTopa, 7 — MehycnpaTHa KOHCTPYKUMja 13Haz OTBOPEHOT NPOCTOpa

1 — External wall, 2 — Windows and balcony doors, 3 - Entrance door, 4 — Wall to unheated staircase, 5 — Floor construction to unheated basement,
6 — Floor construction below unheated area, 7 — Floor construction to outside area

28 (36%)
44 (56%)

o
0

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[kKWh/m?/ roguiitrse]
[kWh/m?/ year]

EHepreTcki paspes

U

Energy class

®uHanHa eHepruja

Final energy [es3sa |

e (e
[KWh] 0 50 100% 0 50 100%

I N B B
50 100%

* npema NpaBunHUKY 0 eHepreTckoj edrkacHocTH 3rpaaa (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnacHvik PC’, 6p.61/2011)

360



- nepwog 1991 - 2012. G - period 1991 - 2012

YHanpeherbe TepMUUKor oMoTaua ca CCTEMOM rpejatkba — eHePreTCKy GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpeherse 1 Improvement 1 YHanpehetrbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
demand [ e e B N [ e e e B [ T O A

0 50 100% 0 50 100% 0 50 100%

[KWh]
EHepreHT
- [arsnHcko, pocnnHa NarsnHcko, docunHa [arsnHcko, pocnnHa
Fuel ropviea ropviea ropviea

District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy

[KWh]

133868
61%

Emncmja CO,
CO, emission

[t 0 50 100%

[NoTpowma eHepruje

3a rpejarbe HakoH
npyMeHe rpaheBMHCKINX
N TePMOTEXHUYKINX
mepa

Energy consumption
after refurbishment
measures

61%
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CrambeHa 3rpada Tmna JiaMersa

Cnnunm o6jekTy
Similar buildings

Oooo
000 J<so%
~ > 0o

Residential building — lamela

KaTeropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multyfamily housing
[oavHa n3rpagHe 1991-2012 Year of construction 1991-2012

Bpoj eTaxa 5 (Mo+Mp+3+T1k) Number of floors 5 (B+Gf+3+L)

bpoj cTaHoBa 20 Number of apartments 20

MospunHa (M?) HeTo rpejaHa 1500 Area (m?) Net heated 1500

3anpemuHa (m?) HeTo rpejaHa 4000 Volume (m?3) Net heated 4000

CrambeHa namena - BuWecCnpaTHULA Ca KOCUM
KPOBOM MaHCapAHOT TMNa. 3UA0BK Cy MAaCUBHU, 31AaHM
ruTep 610KOM WA OMEKOM, CMoSba OONOXKEHN Pa3NUYK-
TUM KOHTaKTHVM TePMOM30MaLUMOHNM GacaiHUM CUCTe-
MrmMa, pehe dacagHom onekom. Mpo3opu cy o MBL-a,
Ca TepMoV30MaUMOHNUM CTAaKAOM M MNACTUYHUM CNOSb-
HUM "ecnvHrep” poneTHama. MehycnpaTHe KOHCTpyKLUVje
Cy Hajuewhe MONYMOHTaXHe, Ca UCMYHOM Off LYNSbux
6nokoBa. lNoApymMcke NpocTopuje Ce He KopwcTe 3a
6opagak, a nNpusembe objekTa MoKe OUTU HamerseHO
CTaHOBakby WM TepUMjanHUM fenaTHocTmMa. Cee mosu-
Lpje TepMUYKOT OMOTaua Cy 130510BaHe.

A multi-storey lamela residential building with a
mansard roof. The massive walls built of cellular clay block
or brick are coated with a variety of contact thermal insu-
lation fagade systems or occasionally with facade brick.
PVC windows have thermal glazing and external plastic
Esslinger roller shutters. The floor constructions are usual-
ly semi-precast, with hollow block infill. The basement is
unoccupied while the ground floor may be intended for
a residential purpose or tertiary businesses. All elements
of the thermal envelope are insulated.



CrambeHa namena ca MacVBHUM 3MAOBMMa TWNa
CEHIBMY KOHCTPYKLUMjE M 3aBPLWHUM CojemM Mantepa.
Ha Tepmorpamy ce youaBa OACYCTBO M3Pa3uTUX 30Ha
TONNOTHUX Ty6WTaka OCKMM Ha CrnojeBMMa nioda Tepaca
1 dacaaHMX 3MA0Ba, CTONAPUIA 1 [EIMMUYHO Ha NioYa-
Ma epkepa. Moryhe je npumeTnuTy cnor dacagHor 3uaa
Kao v xnagHuje, MHWjCcKe, 30He HacTane ycnes JoAaTHOr
30/10Batba XOPU3OHTAHKX CEPKNaxa 1 HaTNOP30PHIX
rpena.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
121

- nepnop 1991 —2012. G - period 1991 - 2012

A residential lamela building with massive sandwich
walls and mortar rendering. The thermal image shows
no noticeable heat loss zones except at connections
between terrace slabs and facade walls, windows and
partially at jetty panels. There is visible facade wall layer
pattern as well as colder linear zones resulting from addi-
tional insulation of horizontal ring beams and lintels.

Energy class of building - existing state

Q,,, kWh/(m?a)]
85

<100
<150
<200
<250

> 250
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpeherbe 2 Improvement 2
Cnosballtby 3ug 1 s 3 3 £ s 3 e ]
_ 2 g 2 g k= g
© O © (@] © O
External Wall 1 S 3 < 3 £ 3
&S °o 3 e 3 2
(@] (@) (@]
ManTep 2cm, rutep 610k 19cm, HEMA N3MEHA ManTep 2cm, rutep 610k 19cm, Tepmowzonaunja
TepmMow3onaLmja 6¢m, Wynsba onexa 12cm, NO CHANGES 6cm, Wynrba oneka 12cm, mantep Tcm,
Mantep 1cm Tepmowsonaumja 15cm, mantep 1cm
plaster 2cm, clay block wall 19cm thermal plaster 2cm, clay block wall 19cm,thermal
insulation 6¢m, hollow brick 12cm, plaster Tcm insulation 6¢cm, hollow brick 12cm, plaster 1cm,
thermal insulation 15cm, plaster Tcm
U (W/m?K) 042 042 0.16
Cnosballby 3ug 2 s 3 3 ‘ s 3 ]
_ 2 gz | gz g
© O © (@] © O
External Wall 2 £ 3 £ ( 3 e 3
= g = 2 = e
(@] (@) (@]
ManTep 2cm, ruTtep 610K 19cm, Tepmonsona- HEMA N3MEHA ManTep 2cm, rutep 6110k 19cm, Tepmowzonaunja
Umja 6cm, ApBeHa NOTKOHCTPYKUMja Ha 60cm/  NO CHANGES 6CmM, fpBeHa NMOTKOHCTPYKLMja Ha 60cm/
Ba3zlyLUHM CI10j 45Cm, NeTBe, bebrbeHn Lpen Tepmowmsonauwja 20cm-+sasayLwHn cnoj 25cm,
plaster 2cm, clay block wall 19cm, thermal neTe, */bebrbeHu Lpen
insulation 6¢cm, timber substructure at 60cm plaster 2cm, clay block wall 19cm, thermal
distance/air gap 45cm, timber batten, insulation 6cm, timber substructure at 60cm
clay roof tile distance/thermal insulation 20cm-air gap
25cm, timber batten, clay roof tile
U (W/m?K) 047 047 0.14
31a Ka HerpejaHom 3 3 3 £ 3 3 ]
c = Z £ Z =
creneHnuTy - 8 - 8 - 8
aQ P Q P Q -
- = = =
3 5 z 5 $ 5
iti = > =
Partition Wall S 5 S
to Unheated Staircase anrep 2cm, rurep 6ok 19cm, HEMA M3MEHA HEMA VI3MEHA
Tepmou3onauwja 5cm, mantep 2cm NO CHANGES NO CHANGES
plaster 2cm, clay block wall 19cm, thermal
insulation 5cm, plaster 2cm
U (W/mK) 057 057 0.57
31a Ka cyceaHoj namenv 5 5 S 3 S 3
. 2 2 2 Z 2 2
(qunatauuja) £ 3 - 3 = 3
Q o Q © Q o
- = & = i > £
Wall to the Adjacent > g > 5 > g
Entrance (dllatatlon) manTep 2cm, rutep 6nok 19cm, sasayx 10cm, HEMA M3MEHA ManTep 2cm, rutep 610K 19cm,
rutep 610k 19cm, mantep 2cm NO CHANGES nrekTvpajyha Tepmounsonaunja 10cm, rutep
plaster 2cm, clay block wall 19¢m, air gap 610K 19cm, ManTep 2cm
10cm, clay block wall 19cm, plaster 2cm plaster 2cm, clay block wall 19cm, injectable
thermal insulation 10cm, clay block wall
19cm, plaster 2cm
U (W/m?K) 0.89 0.89 0.28

364
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Me‘r')ycn paTHa YHyTpa Inside YHyTpa Inside YHyTpa Inside
KOHCTpYyKUWja U3Haa B = =
HerpejaHor npocTopa

(noapym) AAANANNAROANAA

- ) Cnoma Outside Cnoma Outside Cnoma Outside

Floor Construction napKeT 2cm, apMnpani Lem. ectpux 4cm, ME HEMA M3MEHA napKeT 2cm, apMrpani Lem. ectpux 4cm, ME

to Unheated Area donuja, 38yuHa v3onaumja 1cm, TM3 TagaHmua - NO CHANGES dbonvija, 38yuHa v3onaumja 1cm, TM3 TaBaHuLa

(Basement) 20cm, Tepmouzonaumja 5cm, Mantep 2cm 20cm, tepMowsonaLmja 5cm, Mantep 2cm,
parquet 2cm, reinforced cement screed 4cm, Tepmovzonaupja 10cm, mantep 1cm
PE foil, sound impact insulation Tcm, TM3 parquet 2cm, reinforced cement screed
slab with hollow clay block 20cm, thermal 4cm, PE foil, sound impact insulation 1cm,
insulation 5¢cm, plaster 2cm TM3 slab with hollow clay block 20cm,

thermal insulation 5¢cm, plaster 2cm, thermal
insulation 10cm, plaster 1cm

U (W/m?K) 0.50 0.50 0.20

Me*r')ycrl paTHa Cnosba Outside Cnorba Outside Cnosba Outside

S AU N A A

KOHCTpYyKLWja Mcnog
HerpejaHor npoctopa
(TaBaH)

Floor Construction YHyTpa Inside YHyTpa Inside YHyTpa Inside

to Unheated Area LeMEeHTHa Kollysbuua 4cm, Tepmonsonauvja  HEMA M3MEHA Tepmowm3sonaumja 30cm, UEMEHTHa KOLLY bULa

(Attic) 10cm, MNE donuja, TM3 TaBaHwmua 20cm, NO CHANGES 4cm, Tepmonsonaumja 10cm, ME donmja, TM3
Mantep 2cm TaBaHuvua 20cm, mantep 2cm
cement screed 4cm, thermal insulation thermal insulation 30cm, cement screed 4cm,
10cm, PE foil, TM3 slab with hollow clay block thermal insulation 10cm, PE foil, TM3 slab with
20cm, plaster 2cm hollow clay block 20cm, plaster 2cm

U (W/m?K) 030 030 0.08

Koc KpoB Cnosba Outside Cnosba Outside Cnosba Outside

Pitched Roof

AARANAAAANAARY

YHyTpa Inside YHyTpa Inside YHyTpa Inside
danuosaHu Lpen, netse (Nonpeuro/nogyxHo),  HEMA M3MEHA HEMA M3MEHA
Tep nanup, Aacke 2.4cm, TepMovisonativja NO CHANGES NO CHANGES
10cm, ME dponnja, TM3 TaBaHm1La 20cm,

Mantep 2cm

clay roof tile, timber batten and counter
batten, gralbit bituminous sheet, timber
plank 2.4cm, thermal insulation 10cm, PE
foil, TM3 slab with hollow clay block 20cm,
plaster 2cm

U (W/m?K) 040 0.40 040
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa BpaTta

Entrance door

U (W/m?K)

MNocTtojehe cTare Present state

-+
i

JlpBeHu ca BOCIIOJHMM M30MaLMOHIM

CTakno-naxkeTom

Wooden, double glazed unit

YHanpehere 1 Improvement 1

-+
r

[lpBeH ca BOCIOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHIM racoM

Wooden, double glazed low-E glass unit,
inert gas filling

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.00 1.50 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLYOHOM
- - NCMYyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuictemu rpejatba 1 npunpeme Tomse Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuiiherba
cucTema rpejarba
Heating system
efficiency factor

JlarbUHCKO rpejatbe Ha pocuHa roprea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcKy BeHTUW. ModepHu3aLmja
NoACTaHMLe - perynauuja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbi
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbmHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMNa NPOMEHbMBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema noTpoLw K

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



- neprop 1991 —2012. G - period 1991 - 2012

CucTemm rpejama 1 Nnpunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
TOonne Boae

Hot water system

MNocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpununu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHwm cuctem npunpeme

- MOBE3aH Ca CUCTEMOM rpejatba. NOBE3aH Ca CUCTEMOM rpejatba v

Electric boiler V13merb1Bay TOMNOTe Ca CUCTEMOM COMAPHUX KONeKTopa.
CMPEMHUKOM Y NOACTAHWLM. V13merb1Bay TOMMoTe Ca

- CNPEMHUKOM Y MOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

Yrpaatba HOBYX APBEHYX NPO30Pa Ca BOCOJHAM M30aLMOHNM HUCKOEMUCHOHM CTaKO-NakeToM. @ Yrpa/irba TePMOCTATCKMX BEHTUA MO
cTaHoBMMa. MoaepHY3aLja NoACTaHULE YrparbOoM CUCTeMa 3a perynalujy NpoToKa Npema CnosbHOj TeMnepaTypy v Meper-em MCnopyyeHe
eHepruje. Hannata npema NoTpoLWHbM MePEHO] Y NOACTaHULM. YTpaaHba LIEHTPANHOr CMCTeMa NpuUnpeme Torne BOAE NOBE3aHOr Ca CUCTEMOM
rpejarba.

Installation of new wooden windows with double-glazed low-emissivity glass unit. @ Installation of termostatic valves in apartments.
Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered energy
measurement. Consumption based billing measured in the substation. Installation of the central system for the hot water preparation
connected to the heating system.

[lonatHo M30n0Barbe (GacafHWX 3K0Ba KOHTAaKTHOM TepMowM3onauvoHom dacafom. [loaatHo m3onoake Mehynpoctopa MmaHcapaHe
KOHCTPYKUMje. [IoAaTHO 130/10Bake XOPM30HTaNIHUX KOHCTPYKUMja U3HaZ, HerpejaHor nopymMa 1 Ka HerpejaHom TasaHy. /13onoBarbe 31408a
Ka cycefiHoj nameny ybpusrasarsem Tepmomsonaluje y mehynpoctop aunatauvje. Yrpaarba HoBux Nposopa oA MNBL npodwna ca TpocnojHm
M30MaLMOHUM HUCKOEMMCUOHUM CTaKNO-NakeToM. Yrpaftba HOBUX METalHWUX TePMOM3ONOBaHVX BpaTa. @  Yrpafrba TePMOCTAaTCKMX
BeHTWNa MO CTaHoBMMA. MOAEPHY3aLmMja NOACTaHMLE YrpaZOoM CUCTeMa 3a perynaLumjy NpoToKa npema CrosbHOj TEMNEPaTypu 1 Mepetbem
ncnopydeHe eHepryije. Yrpaara nymne ca NPOMEHSbUBMM MPOTOKOM W OuMTaBarbem MOTPOLWHe eHeprije. Hannata npema noTpoLwi
MepeHOj y NoACTaHMUM. Yrpafrba LeHTPanHor cMcTemMa npunpemMe Tomnne BOAEe NOBE3aHOr Ca CUCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM
CONapHYIX KONeKTopa 3a NOAPLUKY Y NpUnpem Tonne CaHnTapHe Boge.

Additional thermalinsulation of fagade walls with a contact fagade system. Additional insulation of interspaces in the mansard roof construction.
Additional insulation of floor constructions above the unheated basement and to the unheated attic. Insulation of walls to the adjacent
lamela by injecting thermal insulation into the dilatation cavity. Installation of new PVC windows with triple-glazed low-emissivity glass unit.
Installation of new, thermally insulated, metal doors. ® Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump
with variable flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHW rybmum 700 700 700
efnemMeHara TepMUYKOr
oMoTava 3rpage 600 600 600
Heat loss through the 500 500 500
thermal envelope
400 400 400
[W/K] I
300I 300 300
200I 200 200
100 - 100 | 100 |
111 in NIT R
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1T 2 3 4 5 6 7 8

1 — Cnosbalutbu 3ug, 2 — Mpo3opy v 6ankoHCKa BpaTa, 3 — YnasHa Bpata, 4 — 31f Ka HerpejaHom CTeneHnwTy, 5 — 31 Ka CycenHoj namenw/
aunataumja, 6 — MebycnpaTtHa KOHCTPYKUWMja M3HaA HerpejaHor noapyma, 7 — MehycnpaTtHa KOHCTPYKLMja Ka HerpejaHom TaBaHy, 8 — Koc kpos

1 — External wall, 2 —= Windows and balcony doors, 3 — Entrance door, 4 — Wall to unheated staircase, 5 — Dilatation wall, 6 — Floor construction
to unheated basement, 7 — Floor construction to unheated attic, 8 — Pitched roof

17 (20%)
41 (48%)

I

CneundunuHa rogmiltba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTcki paspes

- | )

Energy class

I

®uHanHa eHepruja

Final energy

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema lMpaBunHUKy O eHepreTckoj edukacHoOCT 3rpaga (“Cn.rnacHuk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMUUKor oMoTaua ca CCTEMOM rpejatkba — eHePreTCKy GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpeherse 1 Improvement 1 YHanpehetrbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce

Heating energy

demand [ s ] [ toss ] [ eesso ]
[ [ O A O A [

[KWh] 0 50 100% 0 50 100% 0 50 100%
EnepreHT
- [arsnHcko, pocnnHa NarsnHcko, docunHa [arsnHcko, pocnnHa
Fuel ropviea ropviea ropviea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
62392
[KWh] 25%
130615
52%

Emncmja CO,
[ A A Y A [ e O [ e O
[t 0 50 100% 0 50 100% 0 50 100%

[NoTpowma eHepruje

3a rpejarbe HakoH
npyMeHe rpaheBMHCKINX
N TePMOTEXHUYKINX
mepa

Energy consumption
after refurbishment
measures

25%
52%
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5
G5

CrambeHO-NOC/IOBHa 3rpaaa 'y
OKBMPpY rpagckor 65oka

CnnyHm 06jekTn
Similar buildings

)

oooo
0000 1>50%
oood

Mixed use building in a row

Kateropuja BMLLENMOPOAMYHO CTaHOBarbe  Category multifamily housing
[oanHa n3rpagre 1991-2012 Year of construction 1991-2012

bpoj eTaxa 6 (Mp+4+1K) Number of floors 6 (Gf+4+L)

bpoj ctaHoBa 15-20 Number of apartments 15-20

MoepuwyHa (M?) HeTo rpejaHa  1000-1500 Area (m?) Net heated 1000-1500
3anpemuHa (m?) HeTo rpejaHa 2500-4000 Volume (m?) Net heated 2500-4000

CrambeHa 3rpaga pasyheHe 0CHOBe, Ca KOCUM KPOBOM
1 CTAHOBKMA Y MOTKPOBHMM eTaxKama. 31A0BK Cy MacuB-
HVY, 31AaHU 1AM apmupaHobeToHckn. PacagHy obnory
YMHE KOHTAKTHM TepMOW30flaLlMoHK dacaHu cucTemn
UM BEHTUAVICaHe dacafjHe obore of pasnnMyUTHX MaTe-
pujana. MNposopn cy oa NBLU-a nan anymmnHmjymcky, ca
TEPMOV30MALMOHMM CTaKIOM W MAACTUYHUM WAV anyMu-
HUJYMCKMM CMOSbHUM "eciiMHrep” poneTHama. Mebycn-
paTHe KOHCTPYKUWje Cy Hajuellhe MONyMOHTaxHe, ca
MCMyHOM Of WymbKx Bnokosa. Moapymcke npocTopuije
ce He kopucTe 3a bopasak, a Npu3embe objeKkTa Moxe
BUTW HamerbeHO CTaHOBarby MV TepLMjanHM fenaTHOC-
TMMa. CBe No3mMLmje TEPMUYKOT OMOTaya Cy 1M30510BaHe.

A residential building with a complex floor plan, a
pitched roof and residential units in the loft floors. The
massive walls were built of brick or reinforced concrete.
Facades may be coated with contact thermal insulation
systems or ventilated fagade systems containing a vari-
ety of materials. PVC or aluminium windows have ther-
mal glazing and external plastic or aluminium Esslinger
roller shutters. The floor constructions are usually semi-
precast, with hollow block infill. The basement is unoc-
cupied while the ground floor may be intended for a
residential purpose or tertiary businesses. All elements of
the thermal envelope are insulated.



&

CrambeHa 3rpaja ca KoMnnekcHOM pasyheHom daca-
JIOM MaTepujan3oBaHOM ynoTpebomM pasnnunTux mare-
puvjana. Ha Tepmorpamy cy npumeTHy rybuum tonnote y
30HM XOPU3OHTANHNX 1 BEPTVKANHWUX apM1paHo 6eToH-
CKMX CepKnaXkaHa MecTumMa CrojeBa mnoya Tepaca U
dacafHor 3uaa Kao 1 Ha NpenycTMa nnoda epkepa. Ha
NojeaHUM MecTMa Ce MOTY YOUWTWM M3pasuTo Torne
30He Kao nocseanL) a OTBOPEHHX Npo3opa.

EHepreTcku paspep objekta — nocTtojehe cTame

QH,nd rel [%]
136

Wil -

- nepnop 1991 —2012. G - period 1991 - 2012

A residential building with a complex facade real-
ized in a variety of materials. The thermal image shows
noticeable heat loss at horizontal and vertical reinforced
concrete ring beams, connections between terrace
slabs and facade walls, and jetty panel overhangs. In
places, there are intense hot zones resulting from open
windows.

Energy class of building - existing state

Q,,, kWh/(m?a)]
95

<100

<150

<200

<250

F S —
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Cnospalltbm 3ug 1

External Wall 1

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

External Wall 2

U (W/m?K)
Cnosballitbu 31a 3

External Wall 3

U (W/m?K)

31 Ka HerpejaHoMm
cTeneHnwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

[} () [ [} [ (9]
° ° © ° © °
2 g 2 g g= g
g E g E g 5
= = =
= &2 = 2 > 2
= 2 = 2 = 2
(@] (@) (@]
ManTtep 2cm, oneka 12cm, Tepmovsonalmja HEMA N3MEHA ManTep 2cm, oneka 12cm, TepMousonauyja
10cm, oneka 12cm, BelUTaukm kameH 5cm NO CHANGES 10cm, oneka 12cm, BeLTauky KameH 5cm,
plaster 2cm, brick wall 12cm, thermal insulation Tepmom3onaumja 10cm, mantep 1Tcm
10cm, brick wall 12cm, marble aggregate plaster 2cm, brick wall 12cm, thermal insulation
plaster 5cm 10cm, brick wall 12cm, marble aggregate plaster
5cm, thermal insulation 10cm, plaster 1cm
0.28 0.28 0.18
[} (9] [ [} [ (9]
° ° ° ° ° °
2 £ e g £
2 S & < 8 S
= = =
> & > 2 > 2
= e = e = e
(@] (@) (@]
manTep 2cm, Ab 31 16cm, Tepmouzonaunja HEMA N3MEHA mMantep 2cm, Ab 31 16cm, Tepmonsonauuja
10cm, mantep Tcm NO CHANGES 10cm, ManTep 1cm, Tepmom3sonatmja 10cm,
plaster 2cm, reinforced concrete wall 16cm, ManTep 1cm
thermal insulation 10cm, plaster 1cm plaster 2cm, reinforced concrete wall 16cm,
thermal insulation 10cm, plaster 1cm, thermal
insulation 10cm, plaster Tcm
037 0.37 0.19
[} (] [ (5] [ (9]
ke, ° hel e, ° he)
2 gz g 2 £
o (@) @]
g = g = g =
e 5 k2 5 B 5
= 2 = 2 = > e
(@] (@) (@]
mantep 2cm, rutep 6nok 25cm, HEMA M3MEHA Mantep 2cm, rutep 6510k 25cm, Tepmov3onaLmja
Tepmousonauwja 8cm, mantep 1cm NO CHANGES 8cm, Mantep 1cm, Tepmowzonaumja 10cm,
plaster 2cm, clay block wall 25cm, thermal mantep 1cm
insulation 8cm, plaster Tcm plaster 2cm, clay block wall 25cm, thermal
insulation 8cm, plaster Tcm, thermal
insulation 10cm, plaster 1cm
041 0.41 0.20
(9] [} (5} (9] (5} [}
° ° ° °© °© °
2 g £ g g= g
@) % @) : O
g8 = g1 pe g I =
T 5 2 | 5 o 5
= 2 = 2 = 2
(@] (@) (o]
Tepmo Mantep 2cm, Ab 3ug 16cm, Tepmomsona-  HEMA M3MEHA HEMA N3MEHA
Unja 5¢cm, pabrvipaHi Mantep 2cm NO CHANGES NO CHANGES
insulating plaster 2cm, reinforced concrete
wall 16cm, thermal insulation 5cm, reinforced
cement plaster 2cm
052 052 052




Cknonosu TepMmnykor omoTada Elements of the thermal envelope

31f Ka HerpejaHom
CTeNeHULTY 2

Partition Wall

to Unheated Staircase 2

U (W/m?K)

31 Ka CyceiHOM
objeKkTy

Wall to the Adjacent
Building

U (W/m?K)

MehycnpaTHa
KOHCTpYKUMja 13Hag
OTBOPEHOr MPOCTOPa

Floor Construction to
Outside Area

U (W/m?K)
Koc kpos

Pitched roof

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTep 2cm, rutep 610k 19cm, Tepmo
mantep 2cm

plaster 2cm, clay block wall 19cm, insulating
plaster 2cm

1.34

YHyTpa Inside
Cnosba Outside

Mantep 2cm, rutep 610k 19cm,
Tepmowmsonauymja 10cm

plaster 2cm, clay block wall 19cm,thermal
insulation 10cm

0.34

YHyTpa Inside

Cnosba Outside

NapKeT 2,2cm, Liem. kowwyrbuua 4cm, ME donvija,
3ByYHa mM3onaumja 2cm, Ab nnoya 18cm,
Tepmomsonatja 10cm, Mantep Ha paduuy 3cm
parquet 2.2cm, cement screed 4cm, PE foil,
sound impact insulation 2cm, reinforced
concrete slab 18cm, thermal insulation 10cm,
plaster on metal net 3cm

0.25

Cnospa Outside

YHyTpa Inside

NMM, Tep Nanup, Aatllyasa onnara 2.4cm, por
10/14cm Ha 80cm/Basayx 2cm + TepMOon30-
naumja 12cm, MBL donuja, rmnc kaptoHcke
nnove 1.25cm

aluminium roofing sheet, roofing paper, timber
plank 2.4cm, timber rafter 10/14cm at 80cm
distance/, air gap 2cm + thermal insulation
12cm, PVC foil, gypsum board 1.25cm

0.36

- nepwop 1991 - 2012, G — period 1991 - 2012

YHanpeherbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

—_

34

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

0.34

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.25

Cnosa Outside
YHyTpa Inside

HEMA M3MEHA
NO CHANGES

0.36

Cnosba Outside

Cnosba Outside

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnorba Outside

rMantep 2cm, rutep 610k 19cm,
Tepmousonauuja 5cm, mantep 1cm
plaster 2cm, clay block wall 19cm, thermal
insulation 5cm, plaster Tcm

047

YHyTpa Inside
Cnorsba Outside

HEMA M3MEHA
NO CHANGES

0.34

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.25

Cnorpa Outside

YHyTpa Inside

71M, Tep Nanup, Aallyara onnara 2.4cm, por
10/ 14cm Ha 80cm/Basayx 2cm + TepmMomn3ona-
umja 12cm,tepmomsonaumja 12cm, MBL donnja,
MUNC KapTOHCKe niove 1.25cm

aluminium roofing sheet, roofing paper,
timber plank 2.4cm, timber rafter 10/14cm
at 80cm distance/, air gap 2cm + thermal

insulation 12cm, thermal insulation 12cm,
PVC foil, gypsum board 1.25cm

0.17
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo30opw 1 GankoHcKa
BpaTta

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MocTojehe cTarbe Present state

[MBL| ca ABOCNOjHMM 130MaLNOHMM
HUCKOEMUCHOHMM CTaKM0-MNaKeTOM.
Cnosbalutbe anyM1HUjyMCKe xany3nHe

PVC, double glazed low-E glass unit.
External aluminium blind

YHanpeherbe 1 Improvement 1

[MBL| ca TpoCcnojHMM 130nauMoHm
HUCKOEMUCHOHWM CTaKMO-NaKeToM
MyHEHNM MHEPTHVIM racom

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

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
Ny+HEHUM VHEPTHIM racom

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

1.70 1.00 1.00
[pBeHa, fynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Tomne Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

JlarbMHCKO rpejarbe Ha pocuHa roprea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcky BeHTUW. ModepHy3aLmja
nofcTaHnue - perynauyja npema CrosbHoj
TemnepaTtypu. Hannata npema noTpoLutbu
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[armHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHY3aLmja
NOACTaHMLE - NyMna NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema notpouwtbn

District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - variable flow pump and flow
system control in accordance to the outside
temperature. Consumption based billing.



- nepnop 1991 —2012. G - period 1991 - 2012

CucTemm rpejama 1 npunpeme tonne Boge Heating and hot water system

Cuctem npunpeme
Tonne Boae

Hot water system

MocTtojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- MoBe3aH ca CUCTEMOM rpejatba. NoBE3aH Ca CUCTEMOM rpejatba v

Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPEMHNKOM Y MOACTAHULIM. V3metb1Bay TonnoTe ca

- CNPEMHUKOM Y NMOACTaHNLIN.
Central supply with a domestic -

hot water connected to the Central supply with a domestic hot
heating system. Heat exchanger in water connected to the heating
substation. system and a solar thermal system.

Heat exchanger in substation.

Onuc yHanpehera Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

Yrpagrea HoBux npo3opa oA NBLl npoduna ca TPOCNOjHM 130MaLMOHUM HACKOEMUCKOHUM CTakNo-nakeTom. ®  Yrpaarba TEPMOCTATCKMX
BEHTWNa NO CTaHoBMMa. MogepHm3alinja NoACTaHNLE YrpaOoM CCTeMa 3a perynalmjy NpoToka npema CrosbHOj TeMNepaTypu U Meperbem
“cnopydeHe eHepruje. Hannata npema NoTpoLLbK MePeHoj Y MOACTaHWLM. YrpafHea LieHTPanHor ccTema nprnpeme Tonse Boae NoBe3aHor
Ca CVCTeMOM rpejarba.

Installation of new PVC windows with triple-glazed low-emissivity glass unit. ~ ®  Installation of termostatic valves in apartments.
Modernization of the substation by installing controlling flow system in accordance to the outside temperature and delivered energy
measurement. Consumption based billing measured in the substation. Installation of the central system for the hot water preparation
connected to the heating system.

[lonatHo M3onoBare dacafHyx 3MA0Ba KOHTAKTHOM TEPMOWM30MaLMOHOM (Gacafom. V130noBare yHyTpallHyX 31A0Ba Ka HerpejaHom
npocTopy (xoaHwK/cTenexuwTe). [IoAaTHO M30M0Batkbe KPOBHE KOHCTPYKLMje Ca yHyTpallke CTpaHe. Yrpafrba HoBKX nposopa og MBL
npoduvna ca TPOCIOJHVM M30MLMOHUM HUCKOEMUCUOHUM CTAaKNO-MaKeToM. Yrpafrba HOBMX METalHUX TepMOW30JIoBaHMX Bpata. @
Yrpafta TePMOCTATCKVIX BEHTINA NO CTaHOBMMa. MOAepHY3aLMja NOACTaHMLE YrpafHboM CcTeMa 3a perynauujy NpoToka npema CrosbHoj
TemMnepaTtypu 1 Meperem MCnopydyeHe eHepruje. Yrpadrba Mymne ca NpOMEHSbUBUM MPOTOKOM U OYMTaBakbeM MOTPOLUHE eHepriuje.
Hannata npema NoTpowWK MepeHoj y NOACTaHNUM. Yrpasiba LIeHTPAIHOT CUCTeMa NpuUnpeme Tornse BOAe NOBE3aHOr Ca CUCTEMOM Mpejatba,
Ca [A0NYHCKMM CUCTEMOM COMApPHUX KONEKTOPa 3a MOAPLLKY Y NPUNpemm Tomne CaHUTapHe Boge.

Additional thermal insulation of fagade walls with a contact facade system. Insulation of interior walls to unheated areas (hallway/stairway).
Additional insulation of the roof construction from the inside. Installation of new PVC windows with triple-glazed low-emissivity glass unit.
Installation of new, thermally insulated, metal doors. @ Installation of termostatic valves in apartments. Modernization of the substation
by installing controlling flow system in accordance to the outside temperature and delivered energy measurement. Installation of the pump
with variable flow and reading of the energy consumption. Consumption based billing measured in the substation. Installation of the central
system for the hot water preparation connected to the heating system, with additional solar thermal system to support preparation.
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YHanpehetbe TepMuUuKor oMoTaua — eHepreTckm 6unanc * Thermal envelope improvement — energy balance *

MNocTtojehe cTare Present state YHanpehere 1 Improvement 1 YHanpehetrbe 2 Improvement 2
TonnotHW ryéunum 700 700 700
enemMeHaTa TepMUYKOr
OMOTaua 3rpage 600 i 600 600
Heat loss through the
500 500 500
thermal envelope I
[W/K] 400 I 400 400
300 I 300 300
200 I 200 i 200 i
mOH I i mOH I i 1ooi I
1 1| 1 1 =N
123 456 7 89 123 456 7 89 123 456 7 809

1 - Cnosvalwmbu 3ug, 2 —Npo3opw 1 6ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — V13nor, 5 — 31z Ka HerpejaHom CTeneHunLTY,
6 — 3nf Ka cyceiHOM 06jeKTy, 7 — MehycnpaTHa KOHCTPYKLWMja U3HaZ OTBOPEHOT NpocTopa, 8 — Koc Kpos, 9 — Moa Ha Ty

1 - External wall, 2 = Windows and balcony doors, 3 — Entrance door, 4 — Display window, 5 — Wall to unheated staircase,
6 — Wall to adjacent building, 7 — Floor construction to outside area, 8 — Pitched roof, 9 — Ground floor
[kWh/m?/ year]

‘ 20‘21 %) a
EHepreTckun paspeq

- | ) I I

Energy class

CneyundunuHa roauiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kKWh/m?/ roauiitrse]

®uHanHa eHepruja

Final ener [ we ] [ mose ] [ osm ]
& e e e

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema MpaBunHUKY 0 eHepreTckoj edrkacHocTH 3rpaaa (“Cn.rnacHuk PC’, 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnacHvik PC’, 6p.61/2011)



- nepwop 1991 - 2012, G - period 1991 - 2012

YHanpeherbe TepMMUKOr oMoTaya ca CUCTEMOM Fpejakba — eHepreTcky bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarce
demangd 2 [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amuHcko, docnnHa
Fuel ropvisa ropvisa ropvsa
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

MNpumapHa eHepruja

Primary energy
[KWh]
[

112281
38%

Emncmja CO,

CO, emission
[

| [ N |
[t] 0 50 100% 0 50 100% 0 100%

[oTpowrba eHepruje

[ B |
50
3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
1 TEPMOTEXHUUKIX
mMepa 38%
Energy consumption
after refurbishment
measures
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