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M3Bop 13 peueHsuja

Mocne Amsiaca nopoduuHoe cmanosarea (2012) u Amsaca
sullienopoduyHux 3epada (2013) rpyna BpenHWx ayTopa-Ha-
CTaBHWKa Ca APXMTEKTOHCKOT dakynteTa y beorpagy, noHyauna
Ham je 1 Tunosnozujy cmamberux zepada Cpbuje kao Tpehiu geo -
CyMy €raucTeHuUmjanHo y30yybMBOr CBELOYAHCTBA O eHepreT-
CKM (He)epuKacHM rpaheBrMHama y KojumMa AK1BIMO.

3aBpuwaeajyhn TEKCT peleH3mnje NPETXOAHOr n3garsa, yCy-
IO Cam Ce [a NPOLEeHWMM: 3a O4eKUBamu je U 3a noxenemu, 0a
ce 08aj 30 cada 080BOYMEHCKU NPOJeKam HACmasu U jedHo?
0aHa esonyupa y KOMNAEMAH BULLEMOMHU U MyJImMUuducyunsiu-
HapHo obpaber Atnac rpahesunHckor doHaa Cpbuje. Cana, no-
CNe yBKAA Y OHC WTO AOHOCK Tunoioeuja, CUrypaH cam fla Mo
CBeJOLM NOYETKA OCTBAPMBAHLE YPABO TAKBOI jeaHOr Npoje-
KTa. W onet Ry 6utk cnobopaH fa TBPAKM Kako e Ha Ferosom
OCTBapeHsy, NOHYKaHe KMBOTHOM noTpebom, BUTK aHraxoBaHe
Haj3a4ajHuje MHCTUTYLM]e Y KOJMMa Cy OKYMIBEHW OHU KOjU MI-
cne pobpo OBOj 3emrbK, Of Akaaemuja u Komopa, npeko obpa-
30BHMWX YCTAHOBa Ha CBUM HWBOMMA, A0 Npowv3eohava mare-
pujana 1 n3sohada rpahHeBMHCKMX pPagoBa.

Mpod. Oparan MKuekoemh, apxmtexra

Tunonoeuja cmamberux 32pada Cpbuje npeactasiba Tpehy
KHoMIY Y OKBUPY MCTPaKMBAtba KOje je MMano 3a Wb aHanmsy
0COBEHOCTY, KnacupuKaumjy, Nonuc, U Ha Taj HaYuH CTBaparbe
nHbopmaTBHe Base, jeAMHCTBEHE KoL Hac, Ca NpenopyKkama 3a
Bynyhe nHTepeeHumje. MeTogonoruja je y oBoj CTyawj1 ycarna-
weHa ca mehyHapoaHum npojektom  TABYIIA - Tunonozuja
2pahesuHckoz (hoHOA 3a NPOUEHY eHEPEMCKE eQUKACHOCMU Ha
KOMe pagn JeTpHaecT 3emaba M Cpbuja Kao neTHaecTw,
NPUAPYXKEHA YYeCHUK. YcknaheHocT ca apyrum unaHvuama
npojekTa Aaje OBOM MCTpamMearby MOryRHOCT KOMNapaTeHe
aHanM3e pe3yntata W NakwWy MpuMeHy WCTUX WA CIIMUYHKX
MCKYCTaBa y nobosbluarky eHepreTcke epukacHOCTW Hacnehe-
Hor rpaheBrHCKOr ¢oHAa. Kao pesyntaTuTi WUCTPaKMBaksa
HapouuTo Cy BKUTHW Npeano3u moryhmnx yHanpehera, koju cy
[laTi 3a CBe TWMOMOLWKE CNydajeBe, Kao MyTokasm 3a byayhe
WHTepBeLuje.

OBa KrbMra je 3HavajHa jep 3a0Kpyyje NpeameT UCTpam-
Batba, @ TO Cy CTambeHe 3rpaje, koje unHe BehunHy rpaheBuH-
ckor doHaa Cpbuje 1 camum TUM Aajy Hajeehe MoryRHOCTK 3a
yHanpeherbe eHepreTcke eduKacHOCTM W 3HauajHe ywTege
eHeprujey Cpouju.

Np Wrop 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, | 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 bock 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 Tunonorwvja cramberrix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

YBoa

HauuoHanHa Tunonorvja ctambernx 3rpaga Cpbuje
je pe3ynTaT TPOroAMLLrber NCTPaxKMBarba rpyne HacTas-
HWKa W capagHMka ca ApXWUTeKTOHCKOr dakynTteTa
nocseheror dopmmparsy, MO NPBY NyT Y HalOj UCTO-
pujK, cBeObYXBaTHE KnacudurKaLmje 3rpafia NopognMyYHor
M BMLLENOPOANYHOr CTaHOBarba. TMMONOrKja je 3acHo-
BaHa Ha nmonasuwTtma fedUHUCaHUM Y TOKY MPeTxXof-
HUX MCTPaXKMBatkba MCTe rpyne ayTopa' Kao 1 Ha MeTo-
JOM0TNjW YCBOjeHOj y OKBUPY npojekta TABYJIA? Koju
je, ca vaejom CTBaparba jefjHO3HayHe CTPYKTyMpaHe
TMnonoruje crambeHux 3rpaja, OKynuo BenvKW 6poj
3emasba EBponcke yHuje. YCBOjeHM MpuUCTyn je npeno-
pyYeH, Kao jefHa oA [Be 3BaHWYHE MeTOAONOorvje 3a

" Munuua Josaroswh Monosuh v ap., EHepeemcka onmumu3a-
yuja 32pada y KoHmexkcmy 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 onmumu3a-
yuja 32pada y KoHmexcmy oopxuse apxumekmype -0eo 1: AHa-
J1u3a cmpykmype epahesuHckoe goHda, yp. Munuua JosaHosuh
Monoswh (beorpan: APXUTEKTOHCKM daKkynTeT YHVBEp3nTETa Y
beorpagy, 2003).

2 www.building-typology.eu



OLeHY eHepreTCKMX KapaKTepUCT1Ka 3rpaja, 3BaHUUHMM
CaonwterseM EBporncke komucnje.? Pan Ha dopmrparsy
TUNonoruje ctambeHunx 3rpafla Kofj HaC CMPOBEAEH je Y3
noapwky MM3-a (Deutsche Gesellschaft fur Internationale
Zusammenarbeit (GIZ) GmbH) 6e3 Koje He 61 6uno
moryhe CnpoBecTU 13y3eTHO OOMMHO UCTPXKKMBarbe Ha
TepeHy.

Kako ce 3BaHWYHa CTAaTUCTMKA, TOKOM PeAoBHMX
nonuca, He 6aBM KapakTepucTVKaMa 3rpafa Ha OCHO-
BY KOjVIX C& MOXe OLUEHUTU HIXOB KBANUTET MO MUTakby
eHepreTcKMx KapakTepucTuka, CnposefeHa cy obuMHa
NCTpaxMBarba Ha TepeHy. Tokom 2011. roanHe nonuca-
HO je oko 6000 3rpaga NOPOAVYHOT CTaHOBAaHA, @ TOKOM
2012. oko 13000 3rpaga KONEeKTUBHOI CTaHOBarba, WTO
UMHK HajBehe UCTpaXMBatbe eHepPreTCKUX KapakTepwmc-
TWKa 3rpafia, CNpoBeaeHO MKkala KOA Hac. HaumnH Ha Koju
je nedvHucaHa meTofonorvja v M3BPWEHO TepeHCKo
NCTParKMBarba KPo3 06a OBa MOMMCa, AeTasbHO je NpuKa-
3aHO Yy MoHorpadujama objasrberHum 20124 n 20132
roaviHe.

3a notpebe dopmuparba GrHanHe TMNoNoruje 3rpa-
[la ¥3BpLIEHO je objeanbaBarbe paHuje foOmjeHVX Nofa-
Taka 1 HbMXOBa flafba 0bpada - No NPUHUMMMMA Koju CYy
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
MNonoswh 1 Oywan Virteatosrh (beorpan: ApXUTEKTOHCKM da-
KynTeT YHusep3uteTa y beorpaay; GIZ — Deutsche Gesellschaft
fr Internationale Zusammenarbeit, 2012).

> Munuua Josanosuh lNonosuh v ap., Amnaac suwenopoouyHuUx
kyha Cpbuje / Atlas of Multifamily Housing in Serbia, yp. Munu-
ua JosaHosuh Monoswh v fywaH WrrbatoBuh (beorpan: Apxu-
TEKTOHCKM dakynTeT YHusep3uteta 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., Amaac nopoduyHux kyha
Cpbuje/ Atlas of Family Housing in Serbia, yp. Muniua JoBaHosuh
Monosuh 1 [ywax Vrisatosrh (beorpaa: ApxMTeKTOHCKM da-
KynTeT YHusep3uteTa y beorpaay; GIZ — Deutsche Gesellschaft
fur Internationale Zusammenarbeit, 2012).

> Munuua JoaHoswh Monosuh 1 ap., Amiac suwenopoouyHux
kyha Cpbuje / Atlas of Multifamily Housing in Serbia, yp. Munu-
ua JosaHosuh Monosuh v fywaH WrrbatoBuh (beorpan: Apxu-
TEKTOHCKM dakynTeT YHusep3wuteTa y beorpapy; GIZ — Deutsche
Gesellschaft fur Internationale Zusammenarbeit, 2013).
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TABYNA

TABYNTA npojekaT 3a UWb UMa AeduHUCare 3ajes-
HUYKMX NPUHLMNE 33 GopMUparbe HaLMOHANHMX TUMO-
norvja cTambeHux 3rpafia M TO Kao npumapHor Goky-
Ca nCTpaxmearba. [pojekar, Npu TOMe, HUje HK Ha Koju
HaYMH YCIOBMO M HaYMH UCTPaXmBarba 1 NPUKY/batba
nofaTaka Ha OCHOBY Kojux 61 ce dopmmpane HalmoHan-
He Tunosnoruje.

Cnuka 1. — OcHoHM npuHumMnuv TABYJIA npojekTa

CBaka HaloHanHa Tinonoruja obyxsata ceT 3rpa-
Ja Koje cy ofjabpaHe Ha OCHOBY CBOjVIX KapaKTepuCTu-
Ka. OHe cy HajnpubnvKHWje NPOCeYHUM BPegHOCTVMA
AoOMjeHUM KpO3 pasfnnuuta MCTpaxuBarba Ha Halyio-
HanHOM HKBOY. Y CTBapw, Moxe ce pehn fa cy ogabpaqe
3rpajge,CTBapHM pPenpeseHT MoAencKkmnx objexkara”

Kao OCHOBHW 3ajefjHVuYKM APUHLMNKM TMROAoruje
YCBOJeHM Cy:
1. nepvoam3auvja 3rpajga, ca AO3BO/bEHUM OLCTYMNatbN-
Ma npema HauWMOoHaNHMM CrneumeuuHoOCTMA U
2. Knacvdukaumja rpaga y YeTmpu OCHOBHa Tmna:

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

MpeacTaBHMK TUNa:
npumeHa y 0611acTn eHepreTcKor
KOHCanTuHra

Example Buildings:
Applications in the field
of energy advice

CeT penpe3eHTaTVBHMX 3rpajaa (eHepreTcke
KapaKTepuCTMKe 1 3aCTyN/beHOCT):

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

- CUMynaumje pasnuunTux ctpatervja
yHanpeherba

Set of Representative Buildings (energy
performance and frequencies):

- model for imaging whole building stock /
impact measures

- simulation of different modernisation
strategies

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:



NOPOAMYHO CTaHOoBake - cnoboaHocTojehe Kyhe,
NOPOAMYHO CTaHOBak€ - Kyhe y Hu3Y,
BMLUEMOPOANYHO CTaHOBAbE - Matb 00jeKTH 1
BMLUEMOPOANYHO CTaHOBaHsE - ONIOKOBM CTaHOBA
(3rpage Benvike NOBPLIVIHE)

NowToBaHa Cy, Takohe, ¥ HauMOHanHa OACTyMaHsa,
na ce, Ha NpUMepP Y Hemaukoj TUMOMOruju, jaBibajy Kao
M3ABOjEHM TMMNOBW, CTaMbeH 0BjeKTI KapaKTePUCTUUHM
3a Bpeme 1 13rpaamsy v MctouHoj Hemaukoj (Tabena 1.).

Tabena 1. — HaumoHanHa tvnonoruja Hemayke

YBog Introduction

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
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Kao ocHoBHM pe3yntatv TABYJIA npojekta feduHwm-
CaHu cy:

1. dopmmparbe CTPYKType, TUMonoruje 3rpaja, passuje-
He MO YCBOjeHUM MpuHUMNMMA, Y3 ycknhueakbe ca
HauWoHanH1M cneyndryHocTMa 1 ca AeduHCaHUM
noctojehrm cuctemMmnma rpejamsa,

2. 3a CBaKM yCBOjeHW TUM 3rpage:

- pedUHMCaHN TUMUYHN enleMeHTN TEPMUYKOT OMOTa-
ua ca 13pavyHaTMm KoeduumjeHTma nponasa Tonnote
(U BpegHocT)

- fgeduHMCaHe KapaKTepuCTVke cCucTemMa rpejakba 1
npunpeme Tonne soge

- YYeCTasloCT Mojase TWMna y YKYNMHOM HaLVOHAITHOM
boHay cTambeHux 3rpaga

- yTBpheHe moryhHOCTM yHampeherha - ca UWbem
CMatberba MOTPOLLFE eHeprije Ha [1Ba HMBOA: CTaHAAPA-
HW H1BO 1 yHanpeheHn HXBO.

3. VI3pafa HauMoHanHmx 6poluypa TUNMYHKX 3rpaja.

Kao pesynTat npojekTa, mefaHo Ayropo4HoO, MOry
Ce O4eKkVBaTK pa3BOj CTpatervja 3a yWwTeay eHepruje
Yy AOMeHY CTaMOeHMX 3rpaja, Kao W CMarberbe emmcu-
je CO,. Nctospemero, moryhe je carneaatn noTpeby 3a
Npoun3BoAH0M rpaheBUHCKIMX MaTepujana 1 enemeHara
noTpebHKX y NPoLEeCy eHepreTcke caHaumnje ctambeHor
doHaa.

CneymnounuHoctn Cpbuje

Y cknagy ca yCBOjeHUM MPUHUMMMMA MPOKIaMOBa-
HVM Y okBrpy TABYJIA npojekTa, paaHn TVM je aHanvsu-
pao crneundUUHOCTY Pa3Boja 1 KapakTepucTiKa CTambe-
Hor doHAa y Cpbuju. Buwe o oBuM cneumndryHoCTMMA
[aTo je y MoHorpadwvjama Koje ce 6aBe MOPOANYUHUIM,
O[JHOCHO KONEKTUBHMM CTaHOBaHeM NOHA0COD.

Mpon dopmmparsy ynutHMKa 3a npeu nonuc 2011,
FOAMHE YCMOCTaB/beHa je nepuoam3aumja 1 OHa je
KopuwheHa TOKOM MCMUTMBaHA KapakTepucTuka Kyha
nopofauyHor craHoBarba. OBa nepwoavsaumja je vy
MahO] Mepu MoaMdMKOBaHa 3a WCMUTMBArbe 3rpaja

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 N0OWjeHWX nofaTtaka W carnefaBakba 6poja m3rpahe-
HVX objekaTa: Nepwofd nocne [lpyror CBeTCKOr paTta of
1946. o 1970. roovHe nofesbeH je Ha ABa Nepuoja, a
nocnefrWx fBafeceT roanHa objeaneHn cy y jeaaH
nepwop, Tako Aa je yCBojeHa neproamn3auyja 3a TMnono-
rvjy ctambeHnx 3rpaga Cpbuje cnegeha:

A) npe 1919, b) oa 1919. go 1945, L)) og 1946. go 1960.,
) on 1961. 0o 1970. E) o 1971.,80 1980, ®) oa 1981.00
1990., 1 T) oa 1991 3aksbyyHo ca 2012. roAVHOM.

3a pasnuky on TABYJIA npojekTa, Koju AedvHuwe
YeTVpM OCHOBHa TWMa 3rpaja, MPBOOWTHO WCTPaKu-
Bakbe je, y3 Haueno yBaxaBHa crneundryHoOCTV Nojeam-
HVIX 3emarba, PE3YNTUPAO WMPOM NOAENOM Of 9 pasnu-
UMTUX TUNOBA: VHAVBUAYaNHeE, Kyhe y HU3Y - cpeanLutbe,
Kyhe y HK3y - UBMUHe, cnoboaHocTojehe 3rpage, namene
- cpefuube, NnaMene - UBUYHe, 3rpaje y rpafckom 6oky
- y3uaaHe, 3rpaje y rpafckom O0Ky - yraoHe, BUCOKe
3rpafe — conuTepu.

Tpeba HanoMeHyTW [1a je TOKOM Pafia, a HakoH nybnu-
KOoBarba MOHOrpaduje y kojoj je obpaheHo nopoanuHo
CTaHOBatbe, OO A0 U3BECHOT CaxkMMarba bpoja Tno-
Ba MPETNOCTaBIbEHMX Ha MOYETKY UCTpakMBatba. Hanme,
3aKSbyyeHo je Aa He Tpeba 13fBajaTh yraoHe objekTe u
0bjeKTe Koje 3aBpLUaBajy HK130Be, C 003MPOM fia je HIXO-
Ba 3aCTYM/bEHOCT OuAa M3y3eTHO Mana y AobujeHOoM
Y30PKY, YNPKOC YMHEHNLIM 1a Ce OHW, NO NTaksy MOTPO-
WHe eHeprnje pasnnkyjy. bpoj Tmnosa 3rpaga je Tako
CBefieH Ha LWecT KaTeropuja, Ase 3a NOPOANYHO CTaHO-
Bakbe 1 UETMPU KaTeropuje 3a KONeKTUBHO CTaHOBake:

- NOPOAMYHO CTaHOBAbE:

1. cnobogHocTojeha kyha

2. kyhay Hu3y
- KOJEKTMBHO CTaHOBatbe:

3. cnobogHocTojeha 3rpasa

4.3rpagay Husy

5. 3rpaga y HM3y Tvna namene (MoHae/ba Ce BuLLE
3rpafa pabeHrx No UCTOM MPOjeKTy, 3rpafla ca BuLle
ynasa..)

6. conutep
CNpaTHOCTK).

(cnobopHocTojeha  3rpaja  Benvike
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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 corner and 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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Tabena 2. — HauvoHanHa Tunonoruja ctambeHix 3rpaga Cpbuje

Table 2. - Serbian Residential Building Typology

NOPOANYHO CTaHOBake (10 4 CTaHa)

family housing (up to 4 appartments)

BULLENOPOANYHO CTaHOBakbe (BULLE Off 4 CTaHa Mo ynasy)
multifamily housing (more than 4 appartments per entrance)

Tun

1

<

cnobogHocTojeha
Freestanding

2

@

Y HU3Yy
In arow

3

g

cnobogHocTojeha
Freestanding

4

.

namena
Lamela

5

%

Y HU3y
Ina row

6

g

conutep
High-rise

<1919.

b
1919-1945

L
1946-1960

A
1961-1970

E
1971-1980

(0]
1981-1990

r
1991-2011




VIcToBpemeHo, y by XPMOHM3aLMje NCTPaxKBarba
Ca OCTa/IMM YYeCHUUMMa NPOjeKTa, U3BPLIEHa je CUMM-
nudvKkaumja TMNNOrMje U keHo ceoherbe Ha 4 OCHOB-
Ha Tvna aeduHncaHa y TABYJTA npojekTy, y3 13aBajarbe
nocebHe KaTeropuje BWCOKMX CTambeHWx objekaTta —

conutepa (Tabena 3.

Tabena 3. — HaumoHanHa tvnonoruja Cpbuje ycknaheHa ca
TABYJIA npojekTom

YBog Introduction

Moreover, for the purpose of harmonizing the
research results with other project participants, the typol-
ogy was further simplified and reduced to the 4 basic
types defined in the TABULA, with the addition of a sepa-
rate category of high-rise tower blocks (Table 3).

Table 3. - Serbian Residential Building Typology harmonized
with the IEE Project TABULA

nopoANYHO CTaHOBaHe

(no 4 ctaHa)
family housing
(Up to 4 appartments)

BULIENOPOANYHO CTaHOBatbe
(BvWwe o 4 cTaHa o ynasy)

multifamily housing

(more than 4 appartments per entrance)

Tun SFH TH MF AB
cnobogHocTojehe nopoanuHe kyhe | ctambere 3rpage CTambeHw 610K0BK
nopoauuHe kyhe Y HU3y Multy-Family Houses [ Apartment Blocks
Single-Family Houses | Terraced Houses
1 nocebHa
< 1919. nofaTtHa
Kateropuja:
conutepw
Further
Building
2 TS
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

wi
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KnacvdukaumoHe weme, aedUHUCaHE Ha NOYeTKy
UCTPaxkMBarba, kopuheHe cy 1 Npu Gopmyparby Halu-
OHanHe TMnonorvje. OBuM Wemama obpaheH je dakTop
00nMKa 3rpage, Kao 1 NpoLeHTyanHo yyelihe 3acTakmbe-
HUX NMOBPLWNHA Y dacaaw 3rpage.

Tabena 4. — KnacudvkaumoHa wema ca objallrerma Tmna oc-
HOBe, 0fiHOCa dacaze 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 3rpaae cnoxeHe popme y OCHOBM Ca Pa3nMUMUTAM OHOCHOM CTPaHa.

b1 3rpage ca mMano oTBopa Ha dacapama. OTBOPU OpraH130BaHN MojeamnHadHo 3ay3umajy Marbe of 50% nosplunHe dacase.

b2
B3

3rpage ca focTta ot8opa. OTBOPM OpraHn30BaHK NojearHadHo 3ay3umajy Bulle of 50% nosplunHe dacae.
3rpage ca gocta oteopa. OTBOPK Ha Gacamama OpraH30BaHm 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,
KopuwheHa y CTpaxmnBarbma MOPOANYHON CTaHOBatba,
Huje Guna npecyaHa KoL WCTPaXwuBarba KOMeKTUBHOM
CTaHOBatba, OHa HMje MpUMerbeHa HU Npu GopMUpatby
brHanHe TMnonoruje Koja je osae NpukasaHa. Ha oakas
3aKk/byyak yTuLana je Takohe u mana 3acTymsbeHoCT Y
YKYMHOM Y30pKYy 3rpafia W3 NpBOr Nnepuofa WCTpami-
Batba 3a Koje ce MoxXe pehu aa n3pakaBajy pervoHanHe
KapaKTepucTuke.

Heke of 3rpaja, Koje ce jaBrbajy y TMNONOrMji, TOKOM
BpemeHa cy npeTpnene nsmere. Ose v3meHe Hajuelhe
obyxBsaTajy aaanTaliujy TaBaHCKOr NpocTopa Yy CTambeHn,
3aTUM VHTEPBeHLje Ha nohama, Tepacama, Kao 1 pasnu-
unTe BMAOBE Haarpaame (WTo je y npeceymma obje-
KaTa Ha3HauyeHo).° Ha *anoct, oBe WHTepBEHLMje 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 Ignjatovi¢ 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, U3BPWN W eHepreTcka CaHalumja 3rpa-
ne.” Toeba vnak nctahn, aa cy nojeanHe UHTEpPBEHLMjE,
Mafa HeHamepHO, MOrfle UMaTi 1 NMo3uT1BaH edekaT Ha
eHepreTcky edrKaCHOCT 3rpasie Kpo3 NpomMeHy dakTopa
06/11Ka WK, Nak KpO3 CMakberbe rybuTaka Kpo3 Tepmmny-
Ke MOCTOBe. HapounTo je M3paxeHO CMarberse Tpa-
CMUCUOHUX NIMHUJCKX TyOUTaka KOA 3rpafa KOA Kojux
je HakHaAHO MocTaB/beHa KOHTaKTHa dacapa® (nocTa-
B/barbe Tepmousonalyje npeko noctojehnx dacagHmx
310Ba Ca 3aBPLIHUM CIOjeM O TaHKOC/IOjHOT ManTepa).

MpennoxeHe Mepe eHepreTcke caHauuje

[pegnoxeHe mepe eHepreTcke cCaHauwuje, Koje cy
[aTe 3a CBaKy 3rpafy y TMnnorwju, obyxsatajy:
1. rpaheBMHCKe Mepe - KOojuMa Ce MHTepBeHuLe Ha
TEPMUYKOM OMOTaYy 3rpaje,
2. Mepe Be3aHe 3a nobosbluarbe crvcTeMa rpejarba U1
3. Mepe Koje nobosbliaajy CUMCTeM MpUnpemMe CaHw-
TapHe Tonsne Bofe.

1. TpabeBuHCKe mepe

Pa3mvaTpaHe Mepe faTe cy 3a ABa Moryha Hr1soa nobosb-
Warba €eHepreTcke edrKaCHOCTW 3rpajia M CMarberba
emmcnje CO, kao:

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

- yHanpeheHe Mepe, Koje 3axTeBajy Behn 0buUMm
NHBECTULM].

Mpn aedrHucary rpaheBMHCKUX Mepa, BOAWIO Ce
padyHa v 0 BaxkeNoj perynaTnem Be3aHoj 3a eHepreTcky
edukacHoCT 3rpana.’

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 MUHMCTApPCTBO KMBOTHE CpeauHe,
pydapctea ¥ MPOCTOPHOr  MfaHvparba. ,[1paBuaHnK o
eHepreTckoj  eduKacHoCTM  3rpapa’,  Cayx6eHu  2nacHuk
Peny6nuke Cpbuje 6p. 61 (2011).

YBog Introduction

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 NPOCTOPHOr  MnaHmpatsa. ,[paBuaHUK O
eHepreTckoj — eduracHocTv  3rpapa’  CayxbeHU  1ACHUK
Penybnuke Cpbuje 6p. 61 (2011).
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L 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, NpeasrheHa:
- 3aMeHa Npo30pa HOBUM, YMje KapaKTePUCTUKE OAro-
Bapajy Baxkehem paBunHuKy nunm cy bnmcke gaTum Bpes-
HOCTVMa. Yrpafrba [PBEHMX MPO30pPa, YNPKOC NOWUjMM
KapakTepucT1Kama, npefiBrhaHa je paan ouysatba Br3y-
eHOT MAEHTMTETa 3rpada.

- [Noborblwarbe TEPMUYKMX KapakTepUCTUKa 31a0Ba 1
TaBaHMUa ypaheHn Cy fofaBarbemM CfojeBa TePMOM30-
naunje, Hajyewhe 10cm, Tamo rae je To 6KUNo JOCTYMHO.
31A0BYM Cy Tako Hajuelwhe peLaBaHu y CUCTEMY KOHTaKT-
HUX dacana, byayhu fa je oBaj MeTof eHepreTcke CaHa-
Uuje 3rpaga, kao HajeKOHOMUYHMIW 1 HajMarbe TEXHNYKN
3axTeBaH, HajNPVCYTHUW KOL HaC Y CBaKOLHEBHO] Mpak-
cun. VI3yseTak NpeacTaBbajy 3rpaje Kof Kojuix je 3aBplu-
Ha obnora oneka. Y Tom cnydajy Moryhe je KopucTutm
cneumjanHe cucteme Koju Beh NocToje Ha TPXULITY K
KO[ KOjVIX je kepammnuka 0bnora, y By 3aBpLIHOr Coja
bacane, HTErprcaHa ca Tepmonsonauujom dyayhn aa je
HakHaaHO obnarakbe onekom Hajuellihe TexHNYKM BeoMa
TeWKo M3BOL/bUBO.

- TaBaHMUe, XOPU30OHTaNHE 1 KOoCe, Takohe Cy 130M10Ba-
He AoAAaTHVIM C10jeBMMa TepMom3onaLvje, MOCTaB/baHM
HaKHaAHO WAV MHTErpUCaHKM y NocTojenNy CTRYKTYPY.

Opyrnm, yHanpeheHnm HWBOOM eHepreTcke CaHa-
unje, npeasuheHe Cy Mepe KojuMa ce MakCUMManHo, Y
cKnafly ca cneumduUHoOCTMMa ObjeKTa Koju ce CaHupa,
NOAMXE HEeroBa eHepreTcka Knaca. MakcumanHu gomer
CaHalje yCnoB/beH je KapakTepucTuKama 3rpafe, Kao
WwTo cy: dakTop 0b6AMKa, NPOLEHTYaNHO ydewhe Npo3o-
pay pacaam, ogHoc npema cyceny... Oe mepe obyxsaTajy
HajKkBanMTETHMje NPo30ope (Koju ce Mory Hahu Ha Hallem
TPXULWTY) 1 Aebene cnojese TepMomsonaumja y Tepmmy-
KOM OMOTauy (KOju Ce Kof Hac A0 cafia H1Cy yobuuajeHo
KopucTunn).

[Jamwe nobosbliarbe eHepreTckor paspefa 3rpa-
[e, Y OHOCY Ha [ApYyrv HMBO yHanpehetrsa, Moryhe je
nocTvh camo y NojeAVHMM CITy4ajeBMMA - 1 TO 13Y3eTHO
KOMMAEKCHUM KOHCTPYKLIMjaMa, Kao 1 eneMeHTMa Koje
HUje Moryhe KynuTi Ha Hallem TPXULLTY.

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 rpejarba

YHanpebherba eHepreTckux neppopmaHcK 3rpasa
pa3mMaTpaHa Cy UCTOBPEMeHO Ca yHamnpeherma cucTe-
Ma rpejakba. Y OBOM CerMeHTYy UCTpaxMBarba youeHa je
BE/IMKA Pa3HOBPCHOCT, Kako eHepreHaTa, Tako W cucTe-
Ma 3a 3arpeBarbe MPOCTOopWja - Ca OCHOBHOM MOAEIOM Ha
NHAVIBMOYaNHe CUcTeMe ¥ CUCTEME JabWMHCKOT rpejatba.
To je ycnoBmno aa ce pasBujy pasnuyute MeTogonoruvje
yHanpehvBarba.

Kon WMHAMBMAYanHUX CUCTeMa, Y MPBOM CTeneHy
yHanpeherba, BpLeHa je NpoMeHa eHepreHTa (Tamo rae je
TO Moryhe), o AHOCHO MOAIEPHM3aLIMja CMCTEMA FPejarba, a
y Ipyrom cTeneHy yHanpehersa, pa3matpaHa je ynotpe-
6a TEXHONOWKM HajcaBpeMeHuje onpemMe AOCTyMnHe Ha
TPKULWTY 3@ KOHKPETaH C/lyyaj y 3aBMCHOCTM Of pacno-
NOXMBOCTU eHepreHTa. Koa crctemMa Koju kopmncTte nHam-
BMAyanHe nehn Ha ApBa, yrasb, CTPYjy, 61no Kao nojeau-
HayHe, NN Y OKBMPY LIEHTPANHOT (BapWjaHTHO eTaXKHOT)
cUcTemMa PafnjaTopcKor rpejatba, yHanpeherbe ce orne-
[a Yy Npenacky Ha UeHTpanHu CUCTem rpejakba Ha ApBa
Ca MUPOANTUYKMM KOTJIOM M akymynaTopom BoOAe 3a
rpejatbe, OAHOCHO LieHTPanHW CUCTEM Ca HMCKOTemnepa-
TYPHVIM KOT/IOM Ha 3eMHW rac, Wan, BapujaHTHO, KOTIOM
Ha apBo-nenet.

Y popyrom cTeneHy YyHanpeherba KopuwheH je
LeHTPpanHW CUCTEM rpejarba C KOHAEH3aUVOHUM KOTIOM
Ha 3eMHM rac (BapumjaHTHO [ApPBO-NeneT), OAHOCHO
LUeHTPanHUM CUCTEMOM rpejarba TOMNOTHOM MYMMAOM
Ba3ayx/Bopaa.'

Koa BULIENopoguYHMX 3rpaja, Koje nMajy MHAMBU-
yasiHe KOTNapHuLe U paanjaTopcKo rpejarbe (6e3 ob3mpa
Ha eHepreHT), Npenopyka je: MpUK/by4nBarbe Ha AarbuH-
CKV CUCTeM rpejarba raerof je 1o moryhe, ofHOCHO
npenasak Ha eKoNMOWKN NPUXBAT/bUBUjN EHEPreHT - y
OCTannMm CiyyvajeBmma.

Ko AarbMHCKMX cucTeMa rpejarba, rae KoTnapHMua
KopmncTu GocunHa roprea, Npea Mepa yHanehera oaHo-
CY Ce Ha nobosbliake MOryRHOCTX perynauuje n ctene-
Ha ePMKaCHOCTM NocTojeher cucTemMa yrpafHoM TepMoc-
TaTCKMX BEHTMMA Ha FPEjHMM Tenvma 1 MOAEPHM3aLIMOM

1% YHanpehetbe crcTema rpejarba 3a nopoanyHe objekTe ca nH-
OVIBULYaNHUM CUCTEMO paauno je npenysehe 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.

19 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 TOMIOTHe eHepruje Npema Cnosballkoj Temne-
patypu. Y cknagy ca Baxehum 3aKOHOM O epuKacHOM
kopuwwherby eHepryje,'" HEONXOAHO je yrpaanTi onpemy
33 Mepete 1CnopyyeHe eHepruje, kako b1 ce npewno
Ha HannaTy rpejarba Npema 13mepeHoj NOTPOLFU.

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

3. YHanpehetbe cnctema npunpeme Tomnne Boge

McTpakmBarbem je yTBpheHo fa ce Hajgehu 6poj
cvcTema 3a Npunpemy Tonme Bofe CacToju of UHAVBK-
AYanHWX eNeKTPUYHIX, akyMynaumoHyx 1, pehe, npotou-
HWX, bojnepa.

YHanpehetba y NpBom H1BOY Npeasrhajy LeHTpanu-
30BaHW CUCTEM NPUMNpPeMe CaHWTapHe Tomne BOAE, NoBe-
3aH Ca CUCTEMOM rpejatba Ha CamoM KOTJY, OAHOCHO
nomony v3merblBaYa TOMoTe Ca CNPEMHUKOM Y MOACTa-
HULW - KOA AATbUHCKUX CUCTeMa.

Y Apyrom HvBoy yHanpeberba npefsvha ce, ocum
nomeHyTUX, 1 Kopuwhere ConapHUX KONekTopa, Kao
JOMYHCKOT CYCTeMa 3a NpuUnpemMy CaHUTapHe Torne Bofe.

MpunrKom pasmaTparba Mepa 3a yHanpeherse cucTe-
Ma rpejakba, OJHOCHO NpWnpemMe CaH1TapHe Tore Boje,
Tpebano 6m nocebHy Mnaxrby NOCBETUTU MOMYRHOCTM
kopulwherba OOHOB/BUBIMX M3BOPA eHepruje: conapHe,
eHepruje BeTpa, bromace v .

Tepmorpadcky nprikasm 3rpafa HauoHanHe
Tunosnoruvje

Y npuviKasy eHepreTckMx KapakTepucTika penpe-
3eHTATVBHYX 3rpafa kopuwheHa je 1 TexHnka Tepmo-
BM3MJCKOr CHMMatba Kao jefHe Off BU3YeNHO HajAMpPeKT-
HUjUX MeToda wnycTpaunje TepMUYKKX nepdomaHcy
oMOTaua 3rpafa. TunuuHa unyctpaumja jenHe 3rpage ce
MOXe BUETV Ha Cnum 6p. 2.

" Penybnunka Cpbuja MUHWCTapCTBO eHepreTvike, pa3soja n
3alTNTE XKMBOTHE CpefnHe, ,3akoH O edrkacHOM Kopulhersy
eHepruje’, CyxbeHu enacHuk Penybnuke Cpbuje bp. 25 (2013).

2 YHanpehetrba cuCTeEMa [a/bUHCKOTN rpejarba 13paavo eTap
Bacurbeswh, aunn. MHX. Matl.
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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.

" Penybnuka Cpbuja MUHUCTAPCTBO eHepreTunke, pas3Boja 1
3aWTHTe XKNBOTHE CPeavHe, ,3aKoH O edriKacHOM Kopullhersy
eHepruje’, CryxbeHu 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
BUILIENOPOAMYHE 3rpajie

TepMorpam ca AecHe CTpaHe npukasyje 3paverbe
Koje Aonasw 13 npasLa nocMaTpaHor objekTa npeTsope-
HO Y BM3YEeJHW NpKKa3 Ca TeMnepaTypHUM BPEAHOCTMMA
NPUWKa3aHUM Ha CKann ca flecHe CTpaHe. JacHo ce Mory
YOUUTN HaKHaAHO M30M10BaHM CNPATOBM Ha AeCHOj NOSO-
BMHM 3rpaje (HWKa TemnepaTtypHa ouvTaBarba — TaMHKja
60ja) OAHOCHO HEW30/10BaHK CNPaTOBM Ca M3Pa3nTUM
ryovLMMa y 30HaMa XOPW3OHTANHMX U BepPTUKaIHMUMNX
APMUPaHODETOHCKYX Cepknaxa (BUWa TemnepaTypHa
ounTaBarba - CBeTnja 60oja).

EHepreTckum 6unaHcn

3a CBaky 3rpafly, Koja je PEenpe3eHT CTaTUCTUUKM
dopmvipaHoOr TWna, Jatvi Cy TOMJIOTHW Tyouum Kpo3
nojefnHe enemeHTe TePMUYKOT OMOTaua, Ha OCHOBY KOjUX
MOTY [la Ce jaCHO carnefajy penaTvBHU OIHOCK KBanuTeTa
nojeiMHNX enemeHaTa CTPYKType 3rpafe. [pe3eHToBaHu
Ha jemHOCTaBaH HauuH, ynyhyjy Ha npuoputeTe Kof
moryher ofabvipa eHepreTcke pexabunuTalmje.

Takohe 3a cBaky 3rpafly, y cknagy ca [paBuiHMKOM O
eHepreTckoj edrKacHOCTY 3rpaja, U3padyHaTe Cy:
- eHeprvja noTpebHa 3a HEHO 3arpeBarbe TOKOM
rofivHe AaHa, Aata no m? rpejaHe NoBpLMHe 1 oapeheH
oarosapajyhn eHepreTcku paspes;
- duHaNHa eHepruja;

YBog Introduction

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

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;
- finalenergy;
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- YKyNHO noTpebHa eHeprvja 3a 3arpesarbe Lenor
rpejaHor fena 3rpafe TOKOM rofuHe;

- NpvMapHa eHepruja;

- emwucuja yribeH MoKcmaa.

Pesyntatn 0BMX MNpopayyHa Aatm Cy, Kako 3a
noctojehe CTare 3rpafle, Tako 1 3a fata Aea moryha
HMBOA yHanpeherba.

Kao Kpajrbu pe3yntaT, Koju omoryhasa nopehere
npeasuheHnx Mepa yHanpeherba, rpaheBUMHCKUX 1
OHWX KOje ce TWdy CuCTemMa rpejarba MpUMEHEHMX
MCTOBPEMEHO, [JaTe Cy Weme ca MpOoLeHTyanHo
M3PaxKeHUM eHepreTckum ylitefama. pernegom gatmx
pe3synTaTta MOXe Ce KOHCTaToBaTV [a Ca NPBWM H1BOOM
yHanpeherba moryhe je ywreaetv o oko 25% na yak Ao
cKkopo 90% noTpebHe eHepruje 3a rpejarbe. pyrut HUBO
yHanpeherba, Koju HapaBHO Nofpa3ymeBa W 3HauajHuje
MHBeCTUUMje, Hajuelwhe omoryhasa ywTeae of oko 70%,
Majga ce y nojeanHUM CiydajeBuMMa NoTpebHa eHeprija
3a rpejarbe Ha roavbem HUBOY, OBMM Mepama, CBena
Ha cBera 5% of noTpebHe eHepruje 3a rpejarbe 3rpage y
noctojehem CTarby.

Moryhu npaBuu famux NCTpaxnBarba

VicTpaxuvBarbe KapakTepucTriKa CTambeHor GoHaa 1
bopmmrparse HalMoHanHe TMNONOrKje, Koje je AaTo y 0BOj
MoHorpaduju, nocseheHo je yHanpehersy rpahesnHckor
doHAa Koje MMa 33 Uwb Mobosbliakbe eHepreTcke
epMKaCHOCTW 3rpafla a OAaTIe U CMarbeHe emmncuje
CO, Kao jeaHoOr Off OCHOBHMX racoBa Koju Gpopmrpajy
edekat ctakneHe bawTe. OcTaje MehHyTUM HEUCTPaxeH
EKOMOWKY  acMeKkT NpuUMeHeHVx MaTepujana. Kpos
NPUMEHY KOHLIeNTa »KMBOTHOM LMKIyca matepujana,’
Koju ce m3mehy octanor 6aBu K oleHom yrpaheHe
eHepruvje No NPUHLMNY “of KoneBKe Ao Koneske’, moryhe
je nasbe yHanpehere rpahesuHckor GoHaa a opatne 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.



HauwnoHnanHa Tunonoruja
y 6pojeBrma

Tokom pafja Ha Gopmypatby HalMoHanHe TUMoso-
rvje obaB/beHa Cy OOVMHa MCTpaXkMBaHba Ha TepeHy, 3a
KapaKTepucTnyHe objekTe M3BPLIEH je AeTarbaH yBua Y
TEXHWYKY JOKYMEHTaLUMjy 1 nmpopadyHaTe Cy Teopwjcke
BPEOHOCTM PeneBaHTHE 3a TEPMUYKM OMOTaY 3rpaje U
npoLeHy noTpebHe eHepruje 3a rpejarbe Ha rogullHem
HvBOY. JobunjeHV nofaumn Ham Npyajy MoryRHOCT Aa Ha
jeAMHCTBEHM HauMH KBaHTUOUKYjeMo CTambeHu ¢oHa
Cpbuje, nosesyjyhn eHepreTcke KapakTepucTuke 1
MoryRHOCTV yHanpeherba ca fatvm TMNoBMMa CTambe-
HWX 3rpafa v KOHKPETHUM apXMTEKTOHCKMM ObjeKTIMa.

[lobujeHn pesynTtatit cy 3a oBy NybamKaLWjy NpurKas-
AHV CMHTE3HO, Ca CYMMPaHMM anconyTHUM BPeAHOCTVMA
1 NPOLIEHTYaNIHOM PaCcnoAeIoM Mo TUNOBMMA W NePHo-
anva, n to npema TABYJIA metoponorvjy Kao v npema
HaLUWOHaMHOj TMNONOrWju. 3a CBakM WAEHTUPUKOBAHM
TWMN Y3 HaUWOHaNHe TUNOoNorvje fata je 1 "NuuHa Kapra”
Ca OCHOBHMM HyMepUUKM NojaLima Koju omoryhasajy
carnefiaearbe Tuna Ha HaUVMOHANMHOM HUBOY.

HauwvoHanHa 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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AncTpubyLmja TMNOBa Ha HaLMOHATHOM HUBOY
npema noBpLUUHM

Mopauw cy AobujeHn Ha OCHOBY aHKeTa CnpoBefe-
Hx 2011, 1 2012. roaviHe, pacnonoXmBMX pe3ynTaTa 13
Nonwca CTaHOBHUWTBA, AoMaNMHCTBA 1 CTaHoBa Y Peny-
6nvum Cpbujn 2011, roarHe, Kao v Apyrvx nofaTtaka
Penybnunykor 3aBofa 3a ctatuctuky Penybnuke Cpbuje.
CuHTe3Ha 6a3a nofataka dopmMupaHa je y3 nomoh aren-
unje "Vincoc”.

Tab6ena 1. - HauvoHanHa TMnonoruja — 3acTynybeHoCT TMNOBa
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 CTaHOBatbE
family housing multifamily housing
1 2 3 4 5 6 > m? %
A A | <1919 8812918 1641759 181255 128 836 319202 11083970 3.83%
BB [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 1449853 8362188 | 10410747 4987 582 48339733 16.69%
> m? 165 233 293 10815545 | 38527023 | 53209027 | 17510230 4392602 | 289687 720 100.00%
% 57.04% 3.73% 13.30% 18.37% 6.04% 1.52% 100.00%

lpadukoH 1. - HaumoHanHa TMnonoruja — 3acTyn/beHocT
TVMNOBa Npema NoBpLUKHW (%)

<1919

1919-1945 1946-1960
1961-1970 1971-1980

1981-1990
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Figure 1. - National typology — type distribution by area (%)
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Tabena 2. — HaunoHanHa trnonoruja npema Tabynu —
3aCTyM/bEHOCT TMMOBa Npema NMoBpLUVHNA (M?)

HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

Table 2. - National typology according to the TABULA - type

distribution by area (m?)

NOPOAMNYHO CTaHOBatbe BYLIENOPOANYHO CTAaHOBarbE
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 18 159 063 6.27%
1946-1960 19797175 951208 3011 345 2827511 26 587 239 9.18%
1961-1970 27080 821 1858 685 8690 967 7239 206 44 869 679 15.49%
1971-1980 38021616 1921639 13330347 19899 758 73173 360 25.26%
1981-1990 34331187 2121357 14268 890 16751738 67473172 23.29%
1991-2011 23129363 1449853 13349770 10410747 48339733 16.69%
> m? 165233 293 10815 545 56 037 253 57 601 629 289 687 720 100.00%
% 57.04% 3.73% 19.34% 19.88% 100.00%

MpadwmKkoH 2. — HauroHanHa Trnonorvja npema Tabynu —

3aCTyM/beHOCT TMMOBa Npema NospLunHK (%)

<1919 19191045

1946-1960
1961-1970

1971-1980

distribution by area (%)

15.00%
12.00%
9.00%
6.00%
3.00%
0%

1981-1990
1991-2011

Figure 2. — National typology according to the TABULA — type
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AncTpubyLmja TMNOBa Ha HaLMOHATHOM HUBOY
npema 6pojy 3rpaga

Mopauw cy AobujeHn Ha OCHOBY aHKeTa CnpoBefe-
Hx 2011, 1 2012. roaviHe, pacnonoXmBMX pe3ynTaTa 13
Nonwca CTaHOBHUWTBA, AoMaNMHCTBA 1 CTaHoBa Y Peny-
6nvum Cpbujn 2011, roarHe, Kao v Apyrvx nofaTtaka
Penybnunykor 3aBofa 3a ctatuctuky Penybnuke Cpbuje.
CuHTe3Ha ©6a3a nopaTaka ¢dopmupaHa je y3 mnomoh
aeHuuje "Vincoc”.

Tabena 3. - HauvoHanHa TMnonoruja — 3aCTynybeHoCT TMNOBa
npema 6pojy 3rpafa (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 Ipsos 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%
B B [ 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. — HauyoHanHa TMnonoruja — 3acTynbeHocT
TMNoBa npema 6pojy 3rpapa (%)

<1919

1919-1945 10, 1060
19611970 o oo

1981-1990
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Figure 3. — National typology — type distribution by number of
buildings (%)
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Tabena 4. — HaunoHanHa trnonoruja npema Tabynu —
3aCTyn/beHOCT TMMNoBa Npema 6pojy 3rpafa (kom.)

HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

Table 4. - National typology according to the TABULA - type
distribution by number of buildings (items)

NOPOAMNYHO CTaHOBatbe BYLIENOPOANYHO CTAaHOBarbE
family housing multifamily housing
SFH TH MF AB 2 KOM. > items %

<1919 117 985 17394 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 18.21%
1971-1980 454 893 20636 9980 4752 490 261 21.83%
1981-1990 386958 19768 9861 4339 420926 18.74%
1991-2011 252 884 12 567 10034 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%

lpadwmkoH 4. — HaumoHanHa Tvnonorvja npema Tabynu —

3aCTyNSbeHOCT TWMoBa Npema NospLLnHN (%)

<1919 19191045

1946-1960

1961-1970

1971-1980

Figure 4. — National typology according to the TABULA — type
distribution by number of buildings (%)
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AncTpubyLmja TMNOBa Ha HaLMOHATHOM HUBOY
npema 6pojy cTaHoBa

Mopauw cy AobujeHn Ha OCHOBY aHKeTa CnpoBefe-
Hx 2011, 1 2012. roaviHe, pacnonoXmBMX pe3ynTaTa 13
Nonwca CTaHOBHUWTBA, AoMaNMHCTBA 1 CTaHoBa Y Peny-
6nvum Cpbujn 2011, roarHe, Kao v Apyrvx nofaTtaka
Penybnunykor 3aBofa 3a ctatuctuky Penybnuke Cpbuje.
CuHTe3Ha ©6a3a nopaTaka ¢dopmupaHa je y3 mnomoh
aeHuuje "Vincoc”.

Tabena 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 Ipsos agency.

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

NOPOANYHO CTaHOBaHe BMLENOPOANYHO CTaHOBaHe
family housing multifamily housing
1 2 3 4 5 6 > KOM. X items %
A A <1919 117985 17394 1098 567 2980 140 024 4.40%
b B 1919-1945 195812 11078 12 240 2457 18 267 239 854 7.53%
1) C 1946-1960 289 604 12139 19539 13696 17 006 1814 353798 11.11%
O D |1961-1970 379607 23490 69853 31154 21256 16 692 542 052 17.02%
E E 1971-1980 494 751 22 444 106 162 101 130 26 639 30005 781131 24.53%
o F 1981-1990 435 469 22951 96 395 79762 25907 11084 671568 21.09%
r G 1991-2011 291 304 13679 75003 38920 37 686 456 592 14.34%
3 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 Figure 5.- National typology — type distribution by number
TMNoBa Npema 6pojy cTaHosa (%) of dwelling units (%)
cnobogHocTojehe nopoanuHe kyhe (1)
freestanding family houses (1)
20.00% nopoaunure kyhe y Huy (2)
family houses in a row (2)
15.00% cnoboarocTojehe ctambere 3rpaze (3)
freestanding residential buildings (3)
10.00% namene (4)
residential buildings - lamelas (4)
5.00%
cTambeHe 3rpafie y rpafckom 610Ky (5)
<1919 1919-1945 10461960 0% residential buildings in a row (5)
1961-1970 . conutepu (6)
1971-1980 1981-1990 high-rise residential buildings (6)
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Tabena 6. — HaunoHanHa trnonoruja npema Tabynu —
3aCTyn/beHOCT TMNOBa Npema 6pojy cTaHoBa (Kom.)

HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

Table 6. - National typology according to the TABULA - type
distribution by number of dwelling units (items)

NOPOAMNYHO CTaHOBatbe BYLIENOPOANYHO CTAaHOBarbE
family housing multifamily housing
SFH TH MF AB 2 KOM. > items %

<1919 117 985 17 394 4078 567 140 024 4.39%
1919-1945 195812 11078 30507 2457 239 854 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 435 469 22951 122302 90 846 671568 21.06%
1991-2011 291 304 13679 112689 42315 459 987 14.43%
> KoMm. > items 2204 532 123175 530031 330676 3188414 100.00%
% 69.14% 3.86% 16.62% 10.37% 100.00%

MpadwmKkoH 6. — HauroHanHa Trnonorvja npema Tabynu —

3aCTYN/beHOCT TUMOBa Npema bpojy ctaHoBa (%)

<1919 19191045

1946-1960

1961-1970

1971-1980

Figure 6. - National typology according to the TABULA — type
distribution by number of dwelling units (%)

1981-1990

1991-2011
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BULLIenopoamnyHe cTambeHe 3rpage (MF)
Multi-Family Houses (MF)

namene 1 conutepn (AB)

Apartment Blocks (AB)
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OuncTpurbyumja TMNOBa Ha HaLMOHANHOM HUBOY
npema noTpebHOj eHepruju 3a rpejare

Mojaun cy AobujeHM Ha OCHOBY npopadyHaTe
roanwkbe notpebe 3a eHeprujoM 3a rpejarbe KapakTe-
PUCTUYHMX MPeACTaBHMKA TUMOBa M KBaHTUOUKaLvje
npvkaszaHe y Tabenama 1,3 1 5.

Tabena 7. - HaunoHanHa TMnonoruvja — 3acTyrn/beHoCT TUMoBa
npema noTpebHoj eHepruju 3a rpejarse (MWh/rognwmbe)

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 CTaHOBatbe | BULIENOPOANYHO CTaHOBaHe
family housing multifamily housing
1 2 3 4 5 6 > MWh/roavitbe %
>~ MWh/year
A A <1919 2317797 512229 38 064 21129 52988 2942 206 4.50%
b B 1919-1945 3402572 284 831 196 427 75299 272583 4231713 6.48%
U C [ 1946-1960 4969 091 232095 322215 491 395 348 625 20151 6383572 9.77%
Jil D 1961-1970 6824 367 667268 | 1111817 987 025 420887 121717 10133081 1551%
E E 1971-1980 12433 068 253656 | 1943674 | 2394931 498 339 324080 17 847 749 27.32%
o F 1981-1990 11638272 462456 | 1369332 | 2023959 397938 101 882 15993 838 24.48%
r G 1991-2011 5551047 230527 652 251 884913 473820 7792558 11.93%
> MWh/rognwme | 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 TMnonoruja — 3acTyrbeHocT
TMNOBa NpemMa NoTPebHOj eHeprujv 3a rpejarse (%)

<1919
1919-1945 1946-1960
1961-1970 1971-1980
1981-1990
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Figure 7. — National typology — type distribution by heating
consumption (%)
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residential buildings in a row (5)
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Tabena 8. — HaunoHanHa Tvnonoruja npema Tabynu —

3aCTyN/beHOCT TUMOBa Npema NoTpebHOj eHeprujn 3a rpejarbe

HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

Table 8. - National typology according to the TABULA - type

distribution by heating consumption (MWh/year)

(MWh/roguuirse)
NOPOANYHO CTaHOBatbe BMLLEMNOPOANYHO CTaHOBatbe
family housing multifamily housing
SFH TH MF AB > MWh/rognure %
> MWh/year

<1919 2317797 512229 91051 21129 2942 206 4.50%
1919-1945 3402572 284831 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 10133081 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/rognuwme 47136 215 2643062 8098 959 7 446 482 65324717 100.00%
> MWh/year
% 72.16% 4.05% 12.40% 11.40% 100.00%

MpadukoH 8. — HalyoHanHa Tvinonorvja npema Tabyiu —

3aCTyrn/beHOCT TUMOBA NPema NoTpedHoj eHepruju 3a rpejatbe (%)

<1919 1919.1045

1946-1960

1961-1970

1971-1980

Figure 8. — National typology according to the TABULA - type
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YwTena no TMNOBYIMa HaKOH MPBOT HMBOA
yHanpebhema

Mojaun cy AobujeHM Ha OCHOBY npopadyHaTe
roanwkbe notpebe 3a eHeprujoM 3a rpejarbe KapakTe-
PUCTUYHVIX NpefCcTaBHMKA TWMOBa HakoH yHanpeherba
EHEPreTCKMX KapakTepUCTMKa 3rpaje 3a HajMarbe jefaH
paspep, NpYMeHoM yobruajeHnx rpaheBUHCKIX Mepa Y3
Kopuwherbe KBaHTUdMKaLUWja Mpr1KasaHux y Tabenama 1,
3,51 7. Ha HaumMoHanHOM HVBOY, MOTEHLM]aNHO Ce MOoXe
ywteaet 61% eHepruje notTpebHe 3a rpejarse, y3 npume-
HY Mepa NpeanoXeH1M y OKBUPY onuuje “yHanpeherse 1"
Koja je feTarbHO objallHbeHa y TeKCTYanHUM U rpaduukmm
npuno3nma AaTim 3a CBakw TN NoHaocod.

Tab6ena 9. — HauvoHanHa TMnonoruja — ywreaa HakoH NpBor
HMBOA yHarnpeherba eHePreTCKMX KapakTepuCTKa 3rpaae
(MWh/roauiurse)

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 CTaHOBatbe BMLIENOPOANYHO CTaHOBatbe
family housing multifamily housing
1 2 4 5 6 > MWh/rogniwme
> MWh/year
A A <1919 1427 693 270890 19757 11209 21067 1750616
b B 1919-1945 1841888 166 369 108 774 49512 144 524 2311067
U C [ 1946-1960 2771605 98 926 197 304 294297 206 946 11989 3581 066
il D 1961-1970 4468 335 410769 756 294 509 032 224918 57764 6427113
E E 1971-1980 9315296 117220 1210980 1031394 242 861 198 318 12 116 069
o F 1981-1990 7 964 835 159102 521650 653 404 91832 54609 9445 432
r G 1991-2011 3723827 52195 234141 176 983 99752 4286 898
> MWh/rognuwibe 31513479 1275471 3048 900 2725830 1031901 322679 39918 260
> MWh/year

MpadpmKoH 9. — HauyoHanHa TMnonormja — ywrena HakoH NpBor
HMBOa yHanpehetrba eHepreTckyix KapakTeprncTka 3rpaae %y
OfIHOCY Ha YKyrHe TpeHyTHe noTpe6e Ha HaUYOHaMHOM HIBOY)

<1919

1919-1945 1946-1960
1961-1970 1971-1980

1981-1990

Figure 1. — National typology — savings after the standard
improvement of building energy performance (% of current
total energy consumption at national level)

cnobogHocTojehe nopoanuHe kyhe (1)
freestanding family houses (1)

15.00%
nopoguure kyhe y Husy (2)
family houses in a row (2)
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Tab6ena 10. - HaunoHanHa Tmnonoruja npema Tabynu —
yluTesla HakoH NPBOT HWBOA yHanpehera eHepreTcKmnx

KapakTepucTuKa 3rpage (MWh/roguniise)

HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

Table 10. — National typology according to the TABULA —
savings after the standard improvement of building energy
performance (MWh/year)

NOPOANYHO CTaHOBate BMLLEMOPOANYHO CTaHOBaHbE
family housing multifamily housing
SFH TH MF AB > MWh/roaunitbe
> MWh/year
<1919 1427 693 270890 40824 11209 1750616
1919-1945 1841888 166 369 253298 49512 2311067
1946-1960 2771605 98 926 404 250 306 286 3581066
1961-1970 4468335 410769 981213 566 796 6427 113
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 4286 898
> MWh/rognwise 31513479 1275471 4080801 3048509 39918 260
> MWh/year

lpadwmkoH 10. — HaymoHanHa Tnonorvja npema Tabyu —

yutea HakoH NpBor HMBOa yHarlpebeH:a eHepreTckmnx

KapaKTepuCTVKa 3rpage (% y OAHOCY Ha YKyrHe TpeHyTHe

noTpebe Ha HaLMOHaNHOM HIBOY)

<1919

1919-1945

1946-1960
1961-1970

1971-1980

Figure 10. - National typology according to the TABULA —
savings after the standard improvement of building energy
performance (% of current total energy consumption at
national level)
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YwTena no TMNOBYMa HaKoH APYror HBOa
yHanpebhema

Mojaun cy AobujeHM Ha OCHOBY npopadyHaTe
roanwkbe notpebe 3a eHeprujoM 3a rpejarbe KapakTe-
PUCTUYHVIX NpefCcTaBHMKA TWMOBa HakoH yHanpeherba
EHEPreTCKMX KapakTepucTnka 3rpage A0 MNOCTM3arba
MrHUMYM "C" pa3pefia (yKonvko je To Moryhe), npume-
HOM yHanpeheHnx rpaheBrHCKKX Mepa Y3 kopulherse
KBaHTUOMKaUVWja NpviKkasaHux y Tabenama 1, 3,5 1 7. Ha
HalLMOHaHOM HMBOY, MOTEHLMjaIHO Ce MOXe YLITeeTH
72% eHepruje noTpebHe 3a rpejarbe, y3 NpuMeHy Mepa
NPeAnoXeHM Yy OKBMPY onuuje “yHanpeherse 2" Koja
je AeTarbHO objalbeHa y TeKCTyanHUM 1 rpaduykimm
npuno3nma AaTim 3a CBakw TN NOHaocod.

Tabena 11. - HaumnoHanHa TMnosnoruja — yureaa HakoH Apyror
HMBOA YHanpeherba EHePreTCKMX KapaKTepuCTnKa 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 CTaHOBatbe
family housing multifamily housing
1 2 4 5 6 3> MWh/rognire
> MWh/year

A A | <1919 1683 267 357903 26282 14172 31920 2113545
B B [ 1919-1945 2362116 189017 129 895 56 389 188430 2925 846
U C | 1946-1960 3187345 142 681 235629 361796 262 663 14 540 4204 653
O D | 1961-1970 4928709 479 541 872 647 689 055 302 860 90772 7 363 585
E E 1971-1980 10075728 157 574 1465 388 1346 056 353253 251525 13649 524
o F 1981-1990 9097 765 305475 912888 1179315 163 256 70910 11729609
r G |[1991-2011 4024509 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 eHepreTcKmx KapakTepucTmka
3rpage (% y oAHOCY Ha yKynHe TpeHyTHe noTpebe Ha
HaLMOHaNHOM HVBOY)

<1919

1919-1945 1946-1960
1961-1970 1971-1980

1981-1990
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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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HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

Tabena 12. - HaumoHanHa Tnonorvja npema Tabynu —
yluTela HakoH APYror H1MBOA yHanpehera eHepreTcKmnx
KapakTepucTuKa 3rpage (MWh/rogniise)

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

NOPOANYHO CTaHOBate BMLLEMOPOANYHO CTaHOBaHbE
family housing multifamily housing
SFH TH MF AB > MWh/roaunitbe
> MWh/year

<1919 1683267 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 35359 440 1703 235 5467 663 4501370 47031706
> MWh/year

lpadwmkoH 12. — HaymoHanHa Tunonorvja npema Tabyu —
yLITesja HaKOH APYror HMBOA yHanpeherba eHepreTckiix
KapakTepucTrKa 3rpae (% y o4HOCY Ha yKynHe TpeHyTHe
notpebe Ha HalVOHaNHOM HIBOY)

<1919
1919-1945 1046-1960 061070
1971-1980 1081-1990

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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HaumoHanHa Tvnonoruja:
National typology:

A1 A1

3acTyn/beHoCT TMna bpoj srpana 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 rpejarbe | MocTojehe cTarbe 2317797 3.55%
[MWh/ roguiitrse] Current condition
Energy needed for heating
(MWh an] YHanpehetse 1 890105
Improvement 1
YHanpehetse 2 634450
Improvement 2
HauvoHanHa Tunonoruja:
National typology: A2 A2
3acTyn/beHoCT Thna bpoj srpana 17394 0.77 %
Frequency of building type Number of buildings
bpoj cTaHoBa 17394 0.55 %
Number of dwellings
MospwuHa [m? 1641759 0.57 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 512229 0.78%
[MWh/ rogututrse] Current condition
Energy needed for heating
(MWh an] YHanpehetse 1 241339
Improvement 1
YHanpehetse 2 154325
Improvement 2
HauvoHanHa 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 rpejare | MocTojehe cTarbe 38064 0.06 %
[MWh/ roguntbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetse 1 18307
Improvement 1
YHanpeherbe 2 11782

Improvement 2
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HauuoHanHa Tunonoruja y 6pojesnma

National Typology in figures

HavuvoHanHa 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
MoepwwnHa [M?] 128836 0.04 %
Living space [m?]
Enepruja noTpebHa 3a rpejare | NocTtojehe cTarbe 21129 0.03 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpehetrbe 1 9920
Improvement 1
YHanpehetbe 2 6957
Improvement 2
HavvoHanHa 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
MoepwwnHa [M?] 319202 0.11%
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 52988 0.08 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpehetrbe 1 31920
Improvement 1
YHanpehetbe 2 21067
Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

b1 B1

3acTyn/beHoCT TMna bpoj srpana 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] YHanpehere 1 1560684
Improvement 1
YHanpehetse 2 1040456
Improvement 2
HauvoHanHa Tunonoruja:
National typology: 52 BZ
3acTyn/beHoCT Thna bpoj srpana 10937 0.49 %
Frequency of building type Number of buildings
bpoj cTaHoBa 11078 0.35%
Number of dwellings
MospwuHa [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] YHanpehere 1 118452
Improvement 1
YHanpehetse 2 95815
Improvement 2
HauvoHanHa 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 rpejarbe | Moctojehe cTarbe 196427 0.30%
[MWh/ roguntbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetse 1 87653
Improvement 1
YHanpeherbe 2 66152

Improvement 2
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HauwvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

HauwvoranHa Trnonoruja:
National typology:

b4 B4

3acTynsbeHoCT Tna bpoj srpapa 170 0.01 %
Frequency of building type Number of buildings
bpoj ctaHoBa 2457 0.08 %
Number of dwellings
MoepwwnHa [M?] 343833 0.12%
Living space [m?]
Enepruja noTpebHa 3a rpejare | NocTtojehe cTarbe 75299 0.12 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpehetrbe 1 25787
Improvement 1
YHanpehetbe 2 18911
Improvement 2
HavvoHanHa 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
MoepwwnHa [M?] 1829417 0.63 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 272583 042 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpeherbe 1 128059
Improvement 1
YHanpehetbe 2 84153

Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

L1 C1

3acTyn/beHoCT TMna bpoj srpana 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 srpana 12034 0.54 %
Frequency of building type Number of buildings
bpoj cTaHoBa 12139 0.38 %
Number of dwellings
MospwuHa [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] YHanpehetse 1 133169
Improvement 1
YHanpehetse 2 89414
Improvement 2
HauvoHanHa 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 rpejare | MocTojehe cTarbe 322215 0.49 %
[MWh/ roguntbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetse 1 124912
Improvement 1
YHanpeherbe 2 86586

Improvement 2
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HauwvoranHa Trnonoruja:
National typology:

L4 C4

3acTynsbeHoCT Tna bpoj srpapa 175 0.05 %
Frequency of building type Number of buildings
bpoj ctaHoBa 13696 043 %
Number of dwellings
MoepwwnHa [M?] 2699971 0.93 %
Living space [m?]
Enepruja noTpebHa 3a rpejare | NocTtojehe cTarbe 491395 0.75 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpehetrbe 1 197098
Improvement 1
YHanpehetbe 2 129599
Improvement 2
HavvoHanHa Tunonoruja:
National typology: L|'5 CS
3acTynsbeHoCT Tna bpoj srpapa 1344 0.06 %
Frequency of building type Number of buildings
bpoj ctaHoBa 17006 0.53 %
Number of dwellings
MoepwwnHa [M?] 1591895 0.55%
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | NocTtojehe cTarbe 348625 0.53%
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh 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 ctaHoBa 1814 0.06 %
Number of dwellings
MosplwuHa [m?] 127540 0.04 %
Living space [m?]
Erepruja notpebHa 3a rpejare | Moctojehe cTare 20151 0.03 %
[MWh/ roguiitbe] Current condition
Energy needed for heating
(MWh/ an] YHanpeherse 1 8163
Improvement 1
YHanpebherbe 2 5612

Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

11 D1

3acTyn/beHoCT TMna bpoj srpana 376057 16.74 %
Frequency of building type Number of buildings
bpoj cTaHoBa 379607 11.92 %
Number of dwellings
MospwnHa [m? 27080821 9.34%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 6824367 1045 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
YHanpehetse 1 2356031
(Mwh/an] Improvement 1
YHanpehetbe 2 1895657
Improvement 2
HauvoHanHa Tunonoruja:
National typology: ﬂ'z D2
3acTyn/beHoCT Thna bpoj srpana 23328 1.04 %
Frequency of building type Number of buildings
bpoj cTaHoBa 23490 0.74 %
Number of dwellings
MospwuHa [m? 1858685 0.64 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 667268 1.02 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
YHanpehetse 1 256499
(Mwh/an] Improvement 1
YHanpehetbe 2 187727
Improvement 2
HauwvoHanHa Tvnonoruja:
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
MospwuHa [m?] 6464054 223%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | Moctojehe cTarbe 1111817 1.70 %
[MWh/ roguitbe] Current condition
[E&sm ;‘i?dec‘ for heating Yranpeherbe 1 355523
’ Improvement 1
YHanpeherbe 2 239170

Improvement 2




HauvoHanHa Tvnonoruja y 6pojesuma  National Typology in figures

HauvoHanHa Tunonoruja:
National typology: ﬂ'4 D4
3acTynsbeHoCT Tna bpoj srpapa 2113 0.09 %
Frequency of building type Number of buildings
bpoj ctaHoBa 31154 0.98 %
Number of dwellings
MoepwwnHa [M?] 6207704 2.14 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | lNocTtojehe cTarbe 987025 1.51 %
[MWh/ roputurbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetrbe 1 477993
Improvement 1
YHanpehetbe 2 297970
Improvement 2
HauvoHanHa Tunonoruja:
National typology: ﬂ'S D5
3acTynsbeHoCT 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 | lNocTtojehe cTarbe 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
MospwwnHa [M?] 1031502 0.36%
Living space [m?]
Erepruja notpebHa 3a rpejare | Moctojehe cTare 121717 0.19 %
[MWh/ roguiitbe] Current condition
Energy needed for heating
(MWh/ an] YHanpeherse 1 63953
Improvement 1
YHanpebherbe 2 30945

Improvement 2
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HaumoHanHa Tmnonoruja:
National typology:

E1E1

3acTyn/beHoCT TMna bpoj srpana 454893 20.25%
Frequency of building type Number of buildings
bpoj cTaHoBa 494751 1553 %
Number of dwellings
MospwuHa [m? 38021616 1311 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe 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 srpana 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 | MocTojehe cTarbe 253656 0.39%
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehere 1 136436
Improvement 1
YHanpehetse 2 96082
Improvement 2
HauvioHanHa 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 cTarbe 1943674 2.98 %
[MWh/ rogutbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetse 1 732694
Improvement 1
YHanpeherbe 2 478286

Improvement 2
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HauwvoranHa Trnonoruja:
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 rpejare | NocTtojehe cTarbe 2394931 3.67 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpeherbe 1 1363538
Improvement 1
YHanpehetbe 2 1048875
Improvement 2
HavuvoHanHa Tunonoruja:
National typology: E5 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/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpeherbe 1 255478
Improvement 1
YHanpehetbe 2 145086
Improvement 2
HaunoHanHa Tvnonoruja:
National typology: E6 E6
3acTynsbeHoCT TMna 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?]
Erepruja notpebHa 3a rpejare | Moctojehe cTare 324080 0.50 %
[MWh/ roguiitbe] Current condition
Energy needed for heating
(MWh/ an] YHanpeherse 1 125762
Improvement 1
YHanpebherbe 2 72555

Improvement 2
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HaumoHanHa Tvnonoruja:
National typology:

®1F1

3acTyn/beHoCT TMna bpoj srpana 386958 17.23%
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 rpejarbe | MocTojehe cTarbe 11638272 17.82%
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 3673437
Improvement 1
YHanpehetbe 2 2540508
Improvement 2
HauvoHanHa Tunonoruja:
National typology: q)z F2
3acTyn/beHoCT Thna bpoj srpana 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 | MocTojehe cTarbe 462456 0.71 %
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehetse 1 303354
Improvement 1
YHanpehetbe 2 156980
Improvement 2
HauwvoHanHa Tvnonoruja:
National typology: 0)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 375%
Living space [m?]
EHepruja notpebHa 3a rpejare | MocTojehe cTarbe 1369332 2.10%
[MWh/ roguitbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetse 1 847682
Improvement 1
YHanpeherbe 2 456444

Improvement 2
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HauuoHanHa Tunonoruja y 6pojesnma

National Typology in figures

HauvoranHa Tnonoruja:
National typology:

D4 F4

3acTynsbeHoCT Tna bpoj srpapa 4176 0.19%
Frequency of building type Number of buildings
bpoj ctaHoBa 79162 2.50 %
Number of dwellings
MoepwwnHa [M?] 15936685 549 %
Living space [m?]
Enepruja noTpebHa 3a rpejarbe | lNocTtojehe cTarbe 2023959 3.10 %
[MWh/ roputurbe] Current condition
Energy needed for heating
[MWh an] YHanpeherbe 1 1370555
Improvement 1
YHanpehetbe 2 844644
Improvement 2
HauvoHanHa Tunonoruja:
National typology: q)s F5
3acTynsbeHoCT Tna bpoj srpapa 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 | lNocTtojehe cTarbe 397938 0.61 %
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpeherbe 1 306106
Improvement 1
YHanpehetbe 2 234681
Improvement 2
HaunoHanHa Tvnonoruja:
National typology: 0)6 F6
3acTynsbeHoCT Tina bpoj 3rpaga 163 0.01 %
Frequency of building type Number of buildings
bpoj ctaHoBa 11084 0.35%
Number of dwellings
MospwwnHa [M?] 815053 0.28%
Living space [m?]
Erepruja notpebHa 3a rpejare | Moctojehe cTare 101882 0.16 %
[MWh/ roguiitbe] Current condition
Energy needed for heating
(MWh/ an] YHanpeherse 1 47273
Improvement 1
YHanpebherbe 2 30972
Improvement 2
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HaumoHanHa Tmnonoruja:
National typology:

M G1

3acTyn/beHoCT TMna bpoj srpana 252884 11.26 %
Frequency of building type Number of buildings
bpoj cTaHoBa 291304 9.15 %
Number of dwellings
MospwuHa [m? 23129363 7.97 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe cTarbe 5551047 8.50 %
[MWh/ roguiitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehere 1 1827220
Improvement 1
YHanpehetse 2 1526538
Improvement 2
HauvoHanHa Tunonoruja:
National typology: r2 Gz
3acTyn/beHoCT TMna bpoj srpana 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 | MocTojehe cTarbe 230527 0.35%
[MWh/ rogutitrse] Current condition
Energy needed for heating
[MWhY an] YHanpehere 1 178332
Improvement 1
YHanpehetse 2 159484
Improvement 2
HauvioHanHa 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 cTarbe 652251 1.00 %
[MWh/ rogutbe] Current condition
Energy needed for heating
(MWh/ an] YHanpehetse 1 418109
Improvement 1
YHanpeherbe 2 284314

Improvement 2

48
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HauwvoranHa Trnonoruja:
National typology:

[4Ga

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 rpejare | NocTtojehe cTarbe 884913 1.35%
[MWh/ roputurse] Current condition
Energy needed for heating
[MWh an] YHanpeherbe 1 707931
Improvement 1
YHanpehetbe 2 458073
Improvement 2
HavuvoHanHa Tunonoruja:
National typology: r5 G5
3acTynsbeHoCT Tna bpoj 3rpapa 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/ roputurse] Current condition
Energy needed for heating
(MWH/ an] YHanpeherbe 1 374069
Improvement 1
YHanpehetbe 2 319205

Improvement 2
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Al
Al

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm objekTn
Similar buildings

<50%

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
foanHa U3rpaare npe 1919. Year of construction before 1919
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

Mpr3emHa Kyha KOMNaKTHe NpaBoyraoHe OCHOBE, Ca
Manum 6pojem dacafHux oTBopa. Kpos je nnnTak, YeTso-
POBOLHM, W TaBaHCKM MPOCTOP Ce He KOPWUCTW 3a bopa-
Bak. OOMMHWM 310BM Cy Hajuewhe paheHu y GoHAPYY-
HOM CucTemy (Ca MCMyHOM of 4YaTMme) uiav of Haboja.
3aBplHa obpafa je mantep, 0bnYHO He3 1kakee Gpacaj-
He NNacTuKe UK Ca CKPOMHKM YKpacKma. KoHCTpyKLUMja
npema TaBaHy (v CyTepeHy Kafia MoCToju) je ApBeHa, ca
MCIYHOM Of 3emsbe. [1pO30pCKM OTBOPY CY jeAHOCTPYKM,
APBEHV, 3aCTaK/beHN jeHOCTPYKMM CTaK/OM.

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.



MNopofnyHa kyha ca KOHCTPyKLMjom dacagH1X 3Mao-
Ba M3BefjeHOM Yy OOHAPY4YHOM cucTemy 6e3 ynoTpe-
6e Tepmomzonauuje. Kyha ce He rpeje y uenoctu v Ha
TepMOrpamy Ce jaCHO MOXe BUAETU rpejaHu — [eCHW Ae0
Ha KOMe je yousrbvBa fipBEHa CTPYKTypa dacagHor 3unaa.
MPUMETHY Cy M3pa3nTK rybuLm TONNOoTE Y 30HK NPO30pa
3aCTaK/beHVX jeJHOCTPYKUM CTaKIoM U1, y MaHem obumy,
KpO3 314,

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]
351

A —nepuopg npe 1919. A — period before 1919

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

Cnosballitbu 31a

External Wall

U (W/m?K)

lNoa Ha Ty

Ground Floor

U (W/mZK)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 3cm, xopu3. 4pB. neTse 2cm, APB.
cTy6 8/10cm Ha 100cm ca 1cnyHom 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

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

1 cname 10cm, xopwi3. ApBeHe 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 vcnyHa of bnata

1 cname 10cm, xopw3. ApBeHe 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 1cm

0.18

YHyTpa Inside

Cnosba Outside

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

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

0.68

YHyTpa Inside

Cnorba Outside

KIVHKep nnoynue 1.2cm, LemeHTHa
KoLLysbrLa 4cm, TepMomr3sonauuja 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
Kouwysbuua 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
KOHCTPYKLMja 1cnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mZK)

MocTojehe cTarbe Present state

Cnoma Outside

YHyTpa Inside

HabvjeHa 3emsba 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

Cnosba Outside

YHyTpa Inside

Tepmownsonaumja 10cm, gpseHe
TaBarbaye 10/12cm Ha 80cm /
TepMousonauuja+apeeHe netse +cnoj
Ba3Ayxa, TpWyaHu nnapoH 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

Tepmomsonaunja 24cm, apseHe
TaBarbaye 10/12cm Ha 80cm /
Tepmousonauuja+apeeHe netee +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)

MNMocTojehe cTarbe Present state

JlpBeHM jeAHOCTPYKM Ca jeJHOCTPYKMM
CTak/OM

Wooden, single frame with single glazing

4.60

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCUOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

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

1.50

YHanpehetbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

[lpBeHa, Kpuno of nyHor apeeTta

Wooden, solid wood leaf

3.00

[lpBeHa, Kpro ca TepMon3onaLoHOM
NCnyHOM

Wooden, insulated leaf

1.50

[lpBeHa, KpWo ca TepMOM30MaLIMIOHOM
MCMYHOM

Wooden, insulated leaf

1.50

Cuctemu rpejatba v nprnpeme Tore Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuuiherba
cvcTema rpejarba

Heating system
efficiency factor

58

MojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHm cuctem rpejarba Ha ApBa/nenert,
MUPOUTUYKI KOTAO Ca akymynlaTopoM Boae
3a rpejatbe

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

LleHTpasnHu cMcTem rpejarba ca TOMIOTHOM
nymMnom Basfyx/Boaa

Central heating with an air/water heat pump



A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
Hema 6ojnepa LleHTpanHu cuctem npunpeme LleHTpanHw cuctem npunpeme
- TOMMe CaHWUTapHe BOZE 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

/13onoBate dacagHMx 31AoBa Maodama of TPCKe ca Crosballkbe CTpaHe. Yknaware noctojeher v v3pafga HOBOr noja Ha Ty ca
TEPMOM30/1aLMOHVM CNojeM. PEKOHCTPYKLIMja XOPU3OHTaSHE KOHCTPYKLMje Npema HerpejaHom TaBaHy ofjaBatem TepMovonauyje. Yrpasroa
HOBMX [JPBEHIX MPO30Pa Ca ABOCIOJHUM M30NALMOHMM HUCKOEMUCHMOHM CTaKO-MAKeTOM. Yrpafrba HOBUX APBEHUX TEPMOM3ONOBAHNIX
Bpata. ® VIHCTanaumja LEHTPanHor cucTema rpejarba 1 nprnpeme Tonse CaHUTapHe BOAE Ca MMPOAUTUYKMM KOTIOM BUCOKOT CTerneHa
nckoprwhersa. HuckoTemnepatypHm CUCTeM rpejarba Ca M30M10BaHMM LIEBHVIM BOAOBVIMA U BDEMEHCKIM/TEMMNEePaTYPHIM 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.

V130noBatse pacafHvx 31a0Ba NnioyYama ofy MUHepanHe ByHe ca Crosballitbe CTpaHe. Yknarbarbe noctojeher v n3papa HOBOr nofa Ha Ty ca
TEePMOM30M1aLMOHMM CojeM. PEKOHCTPYKLMja CllojeBa TaBaHULIE Npema HerpejaHom TaBaHy ca loAaBarbeM TePMOV30NaLMoHOr Coja. Yrpaarba
HOBMX NPo30pa of INBLL npodrna ca TpOCNOjHM N30NALMOHM HUCKOEMUCHIOHM CTaKO0-NAKETOM. YrpajHba HOBUX TEPMOM3ONOBaHYIX BpaTa.
® VlHCTanauwja UeHTpanHor crcteMa rpejarba U nprnpeme Toryle CaHWTapHe Boje Ca TOMIOTHOM MyMMOM Basfyx/Bofa Kao reHepatopom
TonnoTte. HuckoTemMnepaTypHM CUCTEM rpejarba Ca M3010BaHUM LIEBHUM BOLOBMMA U BPEMEHCKMM/TeMNepaTypHUM 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 90 90 90
enemeHara TepM1yUKor |
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 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 roguiltba
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]

‘ 162 (62%)’ 191 (73%)
EHepreTckin 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 edukacHoCcT 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 rpejakba — 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

MNpumapHa eHeprija

Primary energy

[KWh]

3050
80%

Emncmja CO,
CO, emission 0
(kal

[loTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption 77%
after refurbishment

measures

A - nepuog npe 1919. A — period before 1919

YHanpehetbe 2 Improvement 2

[ A A A O
50 100%

.1520
(|) |

EnekTpnuHa eHepruja
Electricity

100%

5%

95%
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A2
A2

MopopamnyHa Kyha y Hu3y

Cnnunm objekTn
Similar buildings

)

I:ll:l < o

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
foaunHa n3rpage 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

MospuwnHa (M?) HeTo rpejaHa 130 Area (m?) Net heated 130
3anpemuiHa (m?) HeTo rpejaHa 370 Volume (m?3) Net heated 370

Mpun3emHa Kyha ocHose y 06nuKy cnosa " Koje
bopmmpajy ynnmuHu 1 ABOpUWHK Aeo objekTa. [BoBoA-
HU KPOB NpaT¥i reOMeTpKjy OCHOBE, @ TaBaHCKM NMPOCTOP
Ce He KOpUCTY 3a bopaBak. MacagHV 3MA0BM Cy Of MyHe
oneke, caMano oTBopa. 3aBpluHa obpaga je manTep, 4ecTo
Ca NAUTKOM MAACcTUKOM Ha YAIMYHOj CTpaHu. [po3opu cy
APBEHV, ABOCTPYKM Ca Pa3MakHyTUM Kpuiavma (Wmpo-
Ka KyTWja), 3aCTak/beHN jeJHOCTPYKIM CTaKIoM. Bpeme-
HOM Cy yrpah1BaHu pasnnuumnTi 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.



MNopoanyHa Kyha ca ¥3pa3vTo MacMBHWM, XOMore-
HUM, dacagHVM 31Ma0BMMa Off oneke 6e3 TepMoun3ona-
umje. TepMmorpam nprikasyje CekyHAapHO 3arpeBarse of
CYHUeBOr 3padetba Ca HajBeRviM MHTEH3UTETOM Y 30HM
KpoBa Kao W dacagHMm ucnyHama um3mehy nposopa.
[lenosu 31aa n3Haa 1 1Mcnom npo3opa Cy 6ojeHn cBeT-
nom pednekcrBHoOM 60joM WTO 3a Pe3ynTaT MMa Marbe
TONNOTHE [OOWTKE. [TPUMETHM Cy ryOuLVM TOMIOTE Y 30HM
NPO30PCKMX OTBOPA.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]
446

A —nepuopg npe 1919. A — period before 1919

A family house with massive, homogeneous facade
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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

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

Wall to the Adjacent
Building

U (W/m?K)

31 Ka HerpejaHom
npocTopy

Partition Wall
to Unheated Area

U (W/m?K)

64

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 31 o oneke 44cm,
Mantep 3cm

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

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 314 Of oneke 44cm,
ManTep 3cm, Tepmousonauuja 10cm,
mantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 10cm, plaster 1cm

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 314 Of oneke 44cm,
Mantep 3cm, Tepmonsonaumja 20cm,
mMantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 20cm, plaster 1cm

Cnorsba Outside

1.10 0.26 0.15
[ (9] (] [} [
© ) ) o ©
2 2 2 E 2
© (@) © (@] ©
2 3 2 3 2
: 5 2 sz
> C.:) > C:) >

(@] o]
Mantep 2cm, 3va of oneke 44cm HEMA N3MEHA TWNC KapTOHCKe nove 1.25cm,
- - Tepmou3sonauurja 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 1.10 041
[} () () [} [
© ) ) o o
2 E 2 E 2
© O © @) ©
e T 2 T I
2 5 2 5 :
> 8 > 8 >

@] o

ManTep 2cm, 31a of oneke 29 cm,
Mantep 2cm

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

1.33

ManTep 2cm, 3va of oneke 29 cm,
ManTep 2cm, Tepmovrsonaumja 5ecm,
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, Tepmonsonaumja 10cm,
MMNC KapTOHCKe nnoyve 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

Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MehycnpatHa
KOHCTPYKLIMja 1cnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MebycnpatHa

KOHCTPYKLWja 13Hag
HerpejaHor nogpyma

Floor Construction
to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

NapkeT 2,2cm, flacke 2cm, ipBeHe neTse
8/5cm Ha 50cm + ncnyHa of nenena,
HabwujeHa 3emmba 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

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.66

Cnosba Outside

YHyTpa Inside

[lacke 5cm, fpeeHe rpege 16/20cm
Ha 90cm / Ba3gyx 20cm, TplwyaHy 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 / Tepmowzonatmja 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 Nlenky 2cm, 6eToHCKa nnoda
15cm, ceoa 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 Tcm
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 Kowyrburua 5cm,
Tepmowmsonaumja 10cm, xmgpowusonaumja
1cm, 6eToH 10cm, wibyHak 10cm

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

0.22

Cnosba Outside

YHyTpa Inside

Tepmovsonaumja 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

Cnospa Outside

napKeT Ha nenky 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)

MNMocTojehe cTarbe Present state

[pBeHW, ABOCTPYKM Ca pa3MakHyTUM
Kpuimma (WMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKknom

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

YHanpeherbe 1 Improvement 1

[lpBeHn ca ABOCNOjHIM V30MaLUNOHIM
HWCKOEMUCMOHUM CTaK0-MaKeToM
NCMYHEHVIM UHEPTHUM racom

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

YHanpehetbe 2 Improvement 2

[1BL| 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 M3MEHA [pseHa nnw MBL, kpuno ca
- - TEPMOM30/1aLMOHOM UCMYHOM
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

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwheha
cucTema rpejarba
Heating system
efficiency factor

MojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHm cuctem rpejarba,
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 rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
EnekTtpuunu 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 GacafiHUX 31A0BA KOHTAKTHOM TEPMOM30MaUMOHOM GacafioM. VI30MoBarbe YHYTPalHbIX 31A0BA Ka HErpejaHoM MpocTopy.
/13010Batbe XOPU3OHTANHUX  KOHCTPYKLMja Npema HerpejaHom TasaHy W MOAPYMY. Yrpafha HOBKX APBEHMX NPO30pa ca ABOCIOJHUM
30M1aLMOHNUM HUCKOEMUCMOHUM CTaKmo-NakeTom.  ®  VIHCTanauwmja LeHTpanHor cuctema rpejarba 1 npunpeme Tore CaHWTapHe BOAe
Ca HUCKOTeMMepaTyPHUM KOTJIOM Ha 3eMHM rac. HickoTemnepaTypHu CUCTEM rpejatba Ca M30N10BaHVM LIEBHIM BOZOBMMA U BDEMEHCKIM/
TemnepaTypHIUM perynaTopuma.

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.
® C(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 31MA0Ba Ka CycefHVM 06jeKTMa Ca yHyTpallibbe CTpaHe.
V3onoBatrbe yHyTpaLlkbyX 3140Ba NPeMa HerpejaHoM NpocTopy. M3pafa HOBOr Mofa Ha Ty. V30noBakbe XOPU3OHTaNHMX KOHCTPYKLWja
npema HerpejaHoM TaBaHy 1 NOAPYMy. Yrpadra HOBIX Npo3opa oA MBL npoduna ca TPOCNOJHM M3013LMOHVM HUCKOEMUCHIOHUM CTaKo-
naKkeToM. Yrpafitba HOBVIX TEPMOW30/10BaHMX BpaTa. @ VHCTanauuja LieHTpanHor cucteMa rpejarba U npunpeme Tonse caHUTapHe BOAe ca
KOH[EH3aLMOHVM KOT/IOM Ha 3eMHU rac. VIHCTanaumja AonyHCKOr CUCTeMa CONapHIX KONeKTopa 3a NOoApLUKY Y NpUnpemit Tornne caHuTapHe
BOfE.

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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 180 180 180
enemMeHaTa TepMUYKor
OMOTava 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 | 20 -
ACAED NORRCAER EEeRlEma
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 — MehycnpaTtHa KOHCTPYKUWMja Ka HerpejaHom TaBaHy, 7 — MehycnpaTHa KOHCTPYKUWja U3Hag 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 roguiltba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy
demand per year 165 (53%)
[KWh/m?/ roguiitse]
e

218 (70%)

[kWh/m?/ year]

EHepreTckin 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 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 — 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

MNpumapHa 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
]
=S

[ka]

[loTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures
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A3
A3

CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm objekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

Free-standing residential building

Kateropuja BULLENOPOAMYHO CTaHOBare  Category multifamily housing
foaunHa n3rpage 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

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

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

CrambeHa 3rpafia KOMNaKTHe NpPaBOyraoHe OCHOBE Ca
penaTMBHO MANTKAM YETBOPOBOAHMM KPOBOM. [Mogpym-
CKM MPOCTOp Ce He KOPWUCTW 3a OopaBak, [OK je Kof
BehnHe objekaTa HeMcKopuWheHN TaBaHCKM MPOCTOP
BpPeMeHOM afanTupaH y cTambeHu. 3MaoBKM Cy MacuBHM,
31aHy MyHOM OMeKOoM CTapor GopmMaTa, ManTepucanHu y3
ANCKPeTHY dacafHy nnacTuky. MNposopu cy nojeamHay-
HY, OWMeH3Mja Koje ofroBapajy HewTo Behoj cnpaTHoj
BUCUHW. MehycnpaTHe KOHCTPYKLMje npema TaBaHy Cy
ApBeHe, A0K je n3Haa noapyma Hajuelhe Npyckn CBOA.

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.



CrambeHa 3rpafjia ca M3pasnTo MacMBHMM, XOMOre-
HUM, GacagHUM 3KOBMMA Of Oneke 6e3 Tepmou3ona-
umje. Tepmorpam npukasyje paBHoMepHe rybuTtke Tonso-
Te Kpo3 dacasiHe 3MA0BE KOju Cy n3BeeHN be3 apMMpaHo
BETOHCKIMX CepKnaxa. [MoTKPOBHM NPOCTOP je HakHafHO
ycerbeH 1 TepMUUKI 130710BaH. KOHCTpyKUMja Npo3opa
Ca NPUMETHVM TOMIOTHWM TyorUMMa.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]
300

A —nepuopg npe 1919. A — period before 1919

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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnospalltbm 3ua 1

External Wall 1

U (W/m?K)

31 Ka HerpejaHom
cTeneHnwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31 Ka HerpejaHom
CTeneHnLTy 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MNMocTojehe 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

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

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonaumja 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
(9] [} [} (] [}
o © o © o
2 2 £ 2 2
8 S 8 S 8
z S 3 S 3
= e = 2 =
U @}
Mantep 2cm, oneka 29cm, mantep 2cm HEMA N3MEHA ManTep 2cm, oneka 29cm, mantep 2cm,
- - Tepmownsonaymja 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
9] [} (5} (] [}
© ) ) o o
2 B 2 2 2
g S g S 3
3 g g2
> 8 > 8 >
(@} (@}
mMantep 2cm, oneka 44cm, Mantep 2cm HEMA M3MEHA ManTtep 2cm, oneka 44cm, mantep 2cm,
- - Tepmomsonauuja 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




Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

Koc kpoB
(apanTauymja)

Pitched Roof
(Renovation)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

6pOACKM NOA 2CM, NMOTNATOCHULE Y Necky
5-8 cm, NpycK1 CBOA

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

1.15

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

6pPOLCKM NMOA 2CM, NOTNATOCHWMLE Y MecKy
5-8 cm, NpycKu CBOA, TepMmonsonawmnja

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/
nogay»KHO) Tep Nanvp, Aacke 2 cm, por
10/14cm Tepmowson. 10cm + Basgyx 4cm,
IE donuja, rmnckapToHcke nnoye 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 VI3MEHA

NO CHANGES

041

A - nepuopg npe 1919. A — period before 1919

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnospa Outside

6POACKM MO 2CM, NMOTNATOCHULE Y NecKy
5-8 cm, NpycKun cBOA, Tepmomsonaupja 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 (nonpeurHo/
noay»KHO), Tep nanmp, Aacke 2 cm, por
10/14cm, Tepmom3. 10cm + Baszayx 4cm,
IE ponuja, Tepmomsonaumja 15 cm,
rMNCKapTOHCKe 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

Mpo3opw 1 GankoHcKa
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
Kpuirma (LWpoka KyTuja) 1 jeJHOCTPYKMM
CTakNoM

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

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHIM racoM

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

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCMOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pseHa HEMA M3MEHA MeTanHa, Kpuno ca TepMOM301aLKOHOM
- - NCNYyHOM
Wooden, solid wood leaf NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cuctemu rpejatba v npunpeme Torsie Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhetba
cucTemMa rpejarba

Heating system
efficiency factor

74

MNojeanHaure nehn Ha cTpyjy

Single electric stove

LleHTpanHmn cuctem rpejarsa,
HUCKOTEMMEPATYPHM KOTao Ha 3eMHW 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[IEH3aLUMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
EnekTtpuunu 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

YHanpehetse 1

Improvement 1

YHanpehetbe 2

Improvement 2

130n0Batbe pacafiHUX 3MAOBA KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. M30noBarbe XOPU30OHTaNHe KOHCTPYKUMjE W3Hah HerpejaHor
noapyma. Yrpafrba HOBVX GacafHWX APBEHVX NPO30pa Ca [BOCOJHVM M30MaLMOHUM HACKOEMUCHOHMM CTaKO-NakeToM. Yrpafrba HOBYX
KPOBHVIX anyMUHUjYMCKVX NPO30pa ca yHanpeheHrM TepMonpeKkmaoM 1 ABOCIOJHUM M30AaLUMOHNM HUCKOEMENCHOHUM CTaKNO-NaKeToOM.
® VIHCTanauvja UeHTpasHOr CUCTeMa rpejakba v nMpunpeme Tomne CaHUTapHe BOAE Ca HWUCKOTEMMEPATYPHMM KOTJIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEeM rpejatba Ca M30510BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKVM/TEMNEPaTYPHIIM 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.

V130noBatbe dacagHmx 3MAoBa KOHTAKTHOM TEPMOV30MaLMOHOM Gacafiom. V130n0Bate YHyTpaLUHbX 3140Ba NMpemMa HerpejaHom npoctopy
(xopHWK/cTeneHunwTe). [lofaTHoO 13010Bake KPOBHE KOHCTPYKLMjE Ca YHYTpallkbe CTpaHe. M30n0Batbe XOpK30HTaNHe KOHCTPYKUMje VM3Haz
HerpejaHor nogpyma. Yrpaara HoBKx dacagHux npo3opa o NBLL npoduna ca TpocnojHUM M30MaLMOHMM HUCKOEMUCHMOHWM CTaKNO-NaKETOM.
Yrpagrba HOBUX KPOBHUX anyMUHWJyMCKMX MPO30pa ca yHanpeheHrm TepMOnpeKkMAOM U TPOCIOJHUM M30MaLMOHUM HUCKOEMUCUOHIM
CTakNo-nakeTom. Yrpaaba HOBMX METANHKX TEPMOM3ONOBaHYX BpaTa. ®  VIHCTanauuja LeHTpanHor cuctema rpejarba 1 npunpeme Tonsne
CaHWTapHe BOAE Ca KOHAEH3aLMOHMM KOT/IOM Ha 3eMHMW rac. MIHCTanauwja 4OMyHCKOr CUCTeMa CONapHUX KONIeKTopa 3a NMOAPLLKY Y npunpemn
TOMMe CaHUTapHe Boge.

Thermal insulation of facade walls with a contact fagade 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 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 KOHCTPYKLWja 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%) .
EHepreTckin paspes

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 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 rpejarba — eHepreTckn 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 enery [ e ][ 2w ] [14877]
R [ 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
MprMapHa eHeprija 29093 16364
~ 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%

[oTpowmba eHepruje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKINX
mepa

60% 77%

Energy consumption
after refurbishment
measures
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A4
A4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm objekTn
Similar buildings

<50%

ooo
ooo

)

Residential building — lamela

Kateropuja BULLENOPOAMYHO CTaHOBare  Category multifamily housing
foaunHa n3rpage 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

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

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

CrambeHa namena wu3myxeHe OCHOBE Ca KOCUM
CNOXEHUM KPOBOM. [TopyMCKM NPOCTOP Ce He KOPUCTU
3a bopasak, AoK je koa BehuHe objekaTta Henckopuwhe-
HV TaBaHCKM NPOCTOP BPeMeHOM afanTnpaH y cTambe-
HW. 31A0BM CY MacWBHW, 31AaHN NMYHOM OMeKoM CTapor
dopmaTa, ManTeprcaHn y3 AMCKPETHY dacaaHy NNacTuky.
[Mpo3opn Cy MojeanHaYHn, AMMeH3Mja Koje oaroapajy
HewwTo Behoj cnpaTHOj BUCKHW. MehycnpaTHe KOHCTPYK-
upje Cy ApBeHe, OCUM W3HaA Noapyma rae je Hajuelwhe
NPYCKK CBOA.

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.



CrambeHa namena ca W3pasvto MacMBHMM, XOMO-
reHum, dacagHUM 31a0BMMa Off Oneke 6e3 TepmMon3o-
naumje. Tepmorpam npuKasyje pPaBHOMEPHe ryouTke
TonnoTe Kpo3 dacajHe 31AoBe Koju Cy M3BedeHW 6e3
apMmUpaHo BeTOHCKYIX cepknaxa. [oTKPOBHM NPoCTop je
HakHaAHO YCe/beH M TEPMUYKM 13010BaH. KOHCTpyKUMja
npo3opa ca NPUMETHNM TOMIOTHUM MyouLMMa.

EHepreTcku paspep objekta — noctojehe cTtame

QH,nd rel [%]
234

A —nepuopg npe 1919. A — period before 1919

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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

U (W/m?K)

31 Ka HerpejaHom
cTeneHnwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31 Ka HerpejaHom
CTeneHnLTy 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MNMocTojehe 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

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

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, oneka 44cm, mantep 2cm,
Tepmomsonaumja 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
(9] [} [} (] [}
o © o © o
2 2 £ 2 2
8 S 8 S 8
z S 3 S 3
= e = 2 =
U @}
Mantep 2cm, oneka 29cm, mantep 2cm HEMA N3MEHA ManTep 2cm, oneka 29cm, mantep 2cm,
- - Tepmownsonaymja 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
9] [} (5} (] [}
© ) ) o o
2 B 2 2 2
g S g S 3
3 g g2
> 8 > 8 >
(@} (@}
mMantep 2cm, oneka 44cm, Mantep 2cm HEMA M3MEHA ManTtep 2cm, oneka 44cm, mantep 2cm,
- - Tepmomsonauuja 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




Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

Koc kpoB
(apanTauymja)

Pitched Roof
(Renovation)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

6pOaCKM Mo 2Cm, MOTMATOCHULE Y MECKy
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

Cnorba Outside

6pOoCKM MOA 2CM, NOTNATOCHNLE Y
necky 5-8cm, npycku ceog (14cm),
Tepmomsonauuja 10cm, mantep 1cm
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/
nogay»KHO) Tep Nanvp, Aacke 2 cm, por
10/14cm Tepmonizonaumja 10cm + Basgyx
4cm, MNE donuja, runckapToHcke niove
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 VI3MEHA

NO CHANGES

041

A - nepuopg npe 1919. A — period before 1919

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnospa Outside

6POACKM MO 2CM, NMOTNATOCHULE 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 (nonpeurHo/
noay»KHO), Tep nanmp, Aacke 2 cm, por
10/14cm, Tepmomsonaumja 10cm + Basayx
4cm, MNE donuja, Tepmomnsonaumja 15 cm,
rMNCKapTOHCKe 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




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

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GankoHcKa
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
Kpuirma (LWpoka KyTuja) 1 jeJHOCTPYKMM
CTakNoM

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

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHM
HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHIM racoM

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

YHanpehetbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMUCMOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pseHa HEMA M3MEHA MeTanHa, Kpuno ca TepMOM301aLKOHOM
- - NCNYyHOM
Wooden NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cuctemu rpejatba v npunpeme Torsie Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhetba
cucTemMa rpejarba

Heating system
efficiency factor

82

MNojeanHaure nehn Ha cTpyjy

Single electric stove

LleHTpanHmn cuctem rpejarsa,
HUCKOTEMMEPATYPHM KOTao Ha 3eMHW 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[IEH3aLUMOHW KOTa0 Ha 3eMHW rac
(BapwujaHTa - KOTao Ha pBo/neneT)
Central heating with a condensing gas
boiler (option - biomass boiler for pellets
or logs)



A —nepuopg npe 1919. A — period before 1919

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MocTojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
EnekTtpuunu 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

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

130n0Batbe GacafiHUX 3MAOBA KOHTAKTHOM TEPMOM30M1aLMOHOM (Gacafom. M30M0Barbe XOPU30OHTaNHEe KOHCTPYKUMjE W3Hah HerpejaHor
noapyma. Yrpaaka HOBMX GacafHWX APBEHVX NPO30pa Ca ABOCIOJHMM V30NaLMOHIUM HUCKOEMUCUOHUM CTaKIO-NaKeTOM. Yrpafrba HOBYIX
KPOBHWX  anyMUHUJyMCKIX MPOo30pa ca yHanpeheHnum Tepmo Npeknaom 1 ABOCNOJHUM M30NaLMOHIUM HACKOEMUCYOHMM CTaKNO-NaKeToM.
L] VIHCTanauwja UeHTpanHor cuctema rpejakba M npunpeme Torje CaHuTapHe BOAE Ca HWUCKOTEMMEPATYPHMM KOT/IOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEM rpejatba Ca M30/10BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKVM/TEMNEPATYPHIIM Perynatoprma.
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.

/130n0Batse dacagHnx 3MAoBa KOHTAKTHOM TEPMOV30MaLMOHOM dacafiom. V130n0Bare YHyTpaLUHbX 3140Ba NpemMa HerpejaHom npoctopy
(xopHWK/cTenenunwTe). [lofaTHoO 130M0Bake KPOBHE KOHCTPYKLMjE Ca YHYTpallhe CTpaHe. M30n0Batbe XOpK30HTaNHe KOHCTPYKUMje V3Haz
HerpejaHor noapyma. Yrpagrba HoBvix npo3opa of MBL| npodurna ca TPOCNOjHMM M30NaLMOHIUM HUCKOEMUCHMOHWM CTaKN0-NakeToM. Yrpaarba
HOBMX KPOBHMX alyMUHWJyMCKIX MPO30pa Ca yHanpeheHum TepMo NPeKnaoM U TPOCIOJHWUM M30MaLMOHUM HUCKOEMUCUOHKM CTaKno-
nakeToM. Yrpa/jtba HOBVIX MeTasHVX TEPMOM30NOBaHYX BpaTa. @ VIHCTanaumja LeHTpanHor crctema rpejatba 1 nprnpeme Tonse caHutapHe
BOZE Ca KOHAEeH3aLMOHWM KOTIIOM Ha 3eMHU rac. VIHCTanaumja JONyHCKOT CONapHOr CUCTEMA COMapHKX 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 — eHepreTckn 6unatc * Thermal envelope improvement — energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 900 900 900
enemeHara TepMUYKor
omoTaya 3rpaje 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

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy 87 (53%)
demand per year
[kWh/m?/ roauiitse]
e

110 (67%)

[kWh/m?/ year]

EHepreTckin paspeq

U

Energy class

®uHanHa eHepruja

Final ener
o [ 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 — eHepreTckn buaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejaroe
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 EnexkTpruHa 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%

[oTpowra eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

61% 76%

Energy consumption
after refurbishment
measures
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A5
A5

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

Cnnunm objekTn
Similar buildings

<50%

ooo
ooo

)

Mixed use building in a row

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
foanHa n3rpase 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

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

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

CrambeHa [pBocnpaTHMUa OCHOBe npunaroheHe
napuenaumjn  TPaaMUMOHANHOT rpafckor ©6noka. M3a
Ha3wWaKa je KOC KpoB, Ca TaBaHCKMM MPOCTOPOM KOjU je
BpemeHoM Hajuewhe apantvpaH y ctamberun. Cnosb-
HV 3MA0BM Cy MacVBHY, 3MAAHN NMYyHOM OMeKOM CTapor
dopmaTta, obpaheHn dacagHMM manTepom Y3 6ora-
Ty dacagHy nnacTuky Ha yamuHoj dacaaw. Mposopu cy
APBEHW, IBOCTPYKM Ca Pa3MakHyTUM KpuiavMa (LinpoKa
KyTWja), 6e3 cnosbHKMX 3acTopa. MehycnpaTHe KOHCTPYK-
Uvje npema TaBaHy Cy ApBeHe, AOK je M3HaA noapyma
Hajuewhe npycku ceof. MoapymCcKM NPocTop ce yrnae-
HOM He KOopuCTM 3a GopaBak, a Mpriemibe je 4ecTo
HamereHO KoMepLMjanHUM AenaTHOCTMMA.

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 3rpafja ca M3pasvTo MacKBHMM, XOMO-
reHum, dacagHUM 31a0BMMaA Off Oneke 6e3 TepmMon3o-
naumje. Tepmorpam npuiKasyje pPaBHOMEPHe ryouTke
TonnoTe Kpo3 dacajHe 3MA0OBe Koju Cy M3BedeHW 6e3
apMmnpaHo b6eToHCKMX cepknaxa. BehvHa mposopa cy
3amerbeHn caspemenumM og MBL npodwuna n obpux cy
TEPMUYUKMX KapaKTepUCTMKa JOK Ce OPUTMHANHW Kapak-
TEPULLY M3Pa3nTVIM TOMAOTHKM rybuLmma.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
237

A —nepuopg npe 1919. A — period before 1919

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. 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/(mea)]
166

<100

<150

<200

<250

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosballitbu 31 2

External Wall 2

U (W/m?K)

31A Ka HerpejaHom
cTeneHuLTy

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka CyceHOM
0bjeKkTy

Wall to the Adjacent
Building

U (W/mZK)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, orneka 44cm, mantep 2cm
plaster 2cm, brick wall 44cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnoa 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

YHanpehetbe 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

1.12 0.26 0.19
w o v w v
° © ° © o
% 5 > a3 >
= e j= E k=
© @) © O ©
2 3 2 3 2
= 5 % S~
= 2 = 2 =
U @}

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

rMNcKapToHCke nnoye 1.25¢cm,
Tepmowusonaymja 5cm, mantep 2cm, oneka
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

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

° ° ° ° °

£ g 2 g £

g 3 & ; B8

e 5 T 5

= 2 = g =

@) @]

Mantep 2cm, oneka 29cm, mantep 2cm HEMA N3MEHA ManTtep 2cm, oneka 29cm, mantep 2cm,

plaster 2cm, brick wall 29cm, plaster 2cm NO CHANGES TepmMou3onauwja 5 cm, rMnckapToHCKe
nnoue 1.25cm
plaster 2cm, brick wall 29cm, plaster 2cm,
thermal insulation 5cm, gypsum board 1.25cm

133 1.33 0.44

(9] [} [} (] [}

© i) © o ©

£ g 2 g £

g 3 & : 8

a S = sz

= 2 = 2 =

@) o]

Mantep 2cm, oneka 29cm HEMA M3MEHA rMNcKapToHCKe nnove 1.25 cm, Tepmonsona-

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

147 147 0.45




A - nepuopg npe 1919. A — period before 1919

Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)
MehycnpaTHa
KOHCTPYKLIMja MCnoj
HerpejaHor npoctopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/mZK)

Koc kpoB
(apanTauymja)

Pitched Roof
(Renovation)

U (W/mZK)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napkeT 2.2cm, fawyaHn 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

napKeT 2.2cm, fallyaHun cnenu nog 2.5cm,
MOTNaTOCHMLE Y NecKy 5-8 cm, NPycKn 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 Tcm

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

Cnorsba Outside

YHyTpa Inside

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

/ Bazgyx 6¢cm +Tepmovizonaumja 18cm,
TPpWYaHv nnadgoH 5cm

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

0.18

Cnosba Outside

YHyTpa Inside

XIbebrbeHu upennetse (nonpeyxe /
nogy»<He) ,Tep nanup, facke 2.4cm, por
13/15cm (Ha 80cm), Tepmow3. 10cm +
Bazayx 5¢cm, ME dponwja, rmnckapToHcke
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 /
rofy»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 1cm
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
+Tepmownsonaunja 18cm,

TpwYaHu 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

XrbebsbeHw Lper, netse (nonpeuxe /
noay»xHe), Tep nanup, facke 2.4cm, por
13/15cm (Ha 80cm), Tepmow3. 10cm +
Basfyx 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBEHW, IBOCTPYKM Ca PasmakHy TUM
Kprimma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKoM

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

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NCMYHEHUM MHEPTHIM racoM

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

3.50 1.50 1.00
[pBeHa, KpWno of MyHor ApBeTa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, solid wood leaf NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor

90

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

[larbnHcKo Ha docunHa ropusa.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja npema crosbHoj
TemnepaTtypu. Hannata npema noTpoLutbi
District heating system /fossil fuel/
Thermostatic valves. Substation with flow
system control in accordance to the outside
temperature. Consumption based billing.

[larbmHcKo Ha dpocunHa ropusa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj TemnepaTtypu.
Hannata npema notpouwtbn

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.



A - nepuopg npe 1919. A — period before 1919

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay TonnoTe ca

- CNPEMHUKOM Y MOACTaHNULM.
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

YHaﬂpeT)eH:e 1 130n0Batse Aena dacafHux 3MA0Ba KOHTaKTHOM TEPMOM3ONaLMOHOM Gacafom. V3onosare fena dacafHmnx 31AoBa ca yHyTpallkbe CTpaHe
(31A0BW MOA PEXMMOM 3alTHTe). M30110Barbe XOPM3OHTaNHMX KOHCTPYKLMja Mpema HerpejaHom noapymy v TaBaHy. [JoAaTHO M30n0Barbe
KOCOr KpOBa Ca YHyTpalutbe CTpaHe. Yrpaftba HOBMX APBEHVX NPO30pa Ca ABOCIOJHUM V30M1aLUMOHUM HUCKOEMVCUOHVIM CTaKNO-NaKeToM.

Improvement 1 ® Yrpajrba TEPMOCTATCKUX BEHTUMA MO CTaHOBMMA. [pUKIbyUerbe 0bjeKTa Ha JarbWHCKO rpejarse. MofAcTaHmLa ca CUCTeMOM 3a perynauujy
NpOTOKa MpemMa CMoJbHOj TemnepaTypu 1 Meperbem 1crnopydeHe eHeprije. Hannata npema NOTPOLWHW MEPEHOj y NOACTaHWLN. Yrpadrba
LIeHTpasnHor crcTema npunpeme Torjie Bofe NOBE3aHor ca CUCTEMOM rpejatba.

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.

YHanpeherse 2 /130n0Batbe fena pacafHyix 3140Ba KOHTAKTHOM TEPMOM30NaLMOHOM Gacafom. V3onosarbe fena dpacafHyix 3140Ba Ca yHyTpallkbe CTpaHe
(31A0BV NOA PEXMMOM 3alUTITe). V3010Barbe YHYTPalLHbIiX 3140Ba NPemMa HerpejaHom NpoCTopy (XOAHUK/CTeneHunwTe). 3onosarse 31aosa
npema cycejH1m objeKTvMa Ca yHy Tpallbe CTpaHe. 13010Barbe XOPU3OHTANHIX KOHCTPYKLM]A Npema HerpejaHoM NoAPYMyY Vi TasaHy. [loaaTHo

Improvement 2 130710Batbe KOCOT KPOBa Ca YHyTpallkbe CTpaHe. Yrpajba HoBYx Npo3opa of MBLL npoduna ca TpociojHIM 130naumnoHiM HICKOEMUCUOHIM
CTakno-nakeTom. Yrpaarba HOBKX METASIHVX TEPMOM30NOBaHYVX BpaTa. ®  Yrpafrba TePMOCTaTCKUX BEHTWNA NO CTaHOBKMa. [TpUKIbyyerbe
objeKTa Ha AasbUHCKO rpejarbe. MofcTaHNLa ca CUCTEMOM 3a perynauumjy NpoToka npema CrosbHOj TemnepaTtypu 1 Meperem MCnopydyeHe
eHeprije. Yrpagrba nymne ca NPOMEH/bYBYM NPOTOKOM W O4WTaBarbem MOTPOWbEe eHeprije. Hannata npema nNOTPOLWMK MEPEHO] Y
NOACTaHNLUW. Yrpaarba LeHTPaNHOr cuctema npunpeme Tonne BOAe NOBE3aHOr Ca CUCTEMOM rpejarba, Ca [OMYHCKMM CUCTEMOM COMAPHKX
KONeKTopa 3a NOoApPLUKY NpUnpemMe Torne 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 TepMUUKOr OMOTava — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

TonnoTHK ryouum
enemMeHaTa TepMUUKOr
omoOTaya 3rpafe

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]

MocTojehe 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 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 ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 31j Ka HerpejaHom CTenenuwTy, 5 — 3vf Ka cycejHOM 06jeKTy,
6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpatHa KOHCTPYKUMja Ka HerpejaHom TaBaHy, 8 — Koc kpos

=hn
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 MpaBrnHUKy O eHepreTckoj edukacHoCcT 3rpaga (“Cn.rnacHmk PC’ 6p.61/2011) * according to Ordinance on energy efficiency on buildings (‘Cn.rnacrHuk PC’, 6p.61/2011)



A - nepuog npe 1919. A — period before 1919

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

MNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja notpebHa 3a
rpejaroe
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 HamnHcko, docunHa
Fuel EnexkTpruHa eHepruja ropvBa ropvea
Electricity District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
204423
58%
[ T

259427
73%

Emncmja CO,

CO, emission

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

[oTpowra eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption 63%

after refurbishment
measures
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B period 1919 — 1945
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b1
B1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm objekTn
Similar buildings

O

<50%

oo
! oo

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

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

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

MNpr3emHa Kyha KOMNaKTHe NpaBoyraoHe OCHOBE, Ca
Manum 6pojem dacafHux oTBopa. Kpos je nnnTak, YeTso-
POBOAHN ¥ TaBaHCKM MPOCTOP Ce He KOPUCTM 3a bopa-
Bak. OBGVIMHV 3U0BY Cy Of MyHe OMneke, ManTepucaHiu,
UeCTo Ca jeHOCTaBHUM [AEeKOPaTUBHWM efleMeHTUMa
nnuTke dacagHe nnactuke. Mpo3opw Cy APBEHM, AUMEH-
3MOHWCaHW TaKo f1a [1ajy AOBO/LHO OCBET/baja CBMM CTaM-
6eHUM npocTopujama.  XOPU3OHTaNHa KOHCTPYKLUMja
npema TaBaHy je IpBeHa Ca UCMYHOM Off 3eMbe 1 MasTe-
PYICaHMM TPLIYAHUM NNadOHOM.

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.



MNopoanuHa kyha ca 13pasnTo MacuBHVIM dacagHVM
31aoBMMa of oneke 6e3 Tepmomsonauuje. Kyha ce He
rpeje y UeNocTv 1 Ha TEPMOrpamy Ce jaCHO MOXe Bufe-
TV rpejaHn Aeo y Buay Cpeauiirbe cobe Ha nesoj daca-
Avi. XOMOreHn 31aoBu Cy 6e3 BETOHCKMX Cepknaka, ca
PaBHOMEPHMUM rybuLMa Mo NOBPLWINHW. Jy)KHa CTpaHa:
KpOB, AecHa dacada v, Hapounto BGeTOHCKa orpafa, cy
3arpejaHn Kao nocneaya CyHUeBOor 3pauerba.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
323

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

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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

U (W/m?K)

lNog Ha Ty

Ground Floor

U (W/m?K)

MNMocTojehe 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, Tepmomsonaupja 10cm,

mantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 10cm, plaster 1cm

0.26

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 31 o4 oneke 44cm,
Mantep 3cm, Tepmonsonaumja 20cm,
mMantep 1cm

plaster 2cm, brick wall 44cm, plaster 3cm,
thermal insulation 20cm, plaster 1cm

0.15

YHyTpa Inside

Cnosba Outside

napKeT 2,2cm, facke 2cm, NoTnatocH1ue y
Cnojy nenena 5cm,
HabujeHa 3emmba 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, xugpowsonaumja
1cm, 6etoH 10cm,

WwbyHak 10cm

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

0.16




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

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKLMja 1cnog
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

Cnosba Outside

YHyTpa Inside

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

Tepmonsonauuja 20cm, facke 2cm,
npBeHe rpege 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 TepMuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHW, ABOCTPYKM Ca pa3MakHyTUM
Kprimma (LMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKnom

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

3.50

YHanpeherbe 1 Improvement 1

[lpBeHn ca ABOCNOjHIM M30MaLUNOHIM
HWCKOEMUCMOHUM CTaK0-MaKeToOM
NCMYHEHVIM MHEPTHUM racom

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| 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

[lpBeHa, KpWnio Ca TepMomn3onalnoHom
NCryHOM

Wooden, insulated leaf

1.50

)J.pBeHa, KpWio ca TepMonsonauoHom
MCMyHOM

Wooden, insulated leaf

1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CncTem 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 |

LleHTpanHu cuctem rpejarba ca TOnAOTHOM
nymMroM Ba3dyx/Boaa

Central heating with an air/water heat pump

| 3.00




Cuctemu rpejarba v npunpeme Torne Boge Heating and hot water system

MNMocTojehe cTarbe Present state

Cuctem npunpeme
TOnne Boae

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

LleHTpanHwm 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

YHanpehetbe 2

Improvement 2

130n0Batbe dacafHyx 3MA0Ba KOHTAKTHOM TEPMOV30M1aLIMOHOM Gacafom. /130n10BaHe XOPU30HTaNHe KOHCTPYKLIM)E TPema HerpejaHoM TaBaHy.
Yrpadtba HOBYVX ApPBEHVX NPo30pa Ca ABOCIOJHUM M30MaALMOHUM HUCKOEMUCUOHMM CTaKNO-NakeToM. Yrpafka HOBKX TEPMOV30N0BaHNX
Bpata. ® VIHCTanaumja LEHTpanHor cuctema rpejarba U npunpeme Torne CaHWTapHe BOAE Ca NMUPONUTUYKMM KOT/IOM BUCOKOT CTereHa
nckopuwhersa. HickoTemnepaTypHi CUCTEM rpejarba ca M30M10BaHMM LIEBHVIM BOAOBVIMA U BDEMEHCKIM/TEMMNEePATYPHIUM 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 13pafa HOBOM Nofa Ha Ty. V3onosarse
XOPU3OHTaNHE KOHCTPYKLMje Mpema HerpejaHoM TasaHy. Yrpaara HOBKX nposopa of [BL npoduna ca TpocnojHUm 130naunoHmm
HUCKOEMVCVOHUM CTaKMO-MaKeTOM. Yrpa/irba HOBMX TEPMOM30/10BaHNX BpaTa. @ VIHCTanaumja UeHTpanHor cucTemMa rpejarba 1 npunpeme
TOM/e CaHWTapHe Boze Ca TOMNIOTHOM NyMMOM Basfyx/BO/ia Kao reHepaTopom TonsoTe. H1ckoTemnepaTypHm 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 TepMUUKOr OMOTava — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 120 120 120
enemMeHaTa TepMUYKor
oMOTaya 3rpane 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 45 12 3 4 5

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

CneundunuHa roguiltba
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 paspeq

; | ) I

Energy class

®uHanHa eHepruja

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

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

* npema lMpaBunHUKy o eHepreTckoj edrikacHocTh 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 Fpejakba — eHepreTcky bunaHc
Thermal envelope improvement with heating system - energy balance

lNocTojehe 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]

[NoTpouwrsa eHepruje

33 rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures

2880
79%

73%

YHanpehetbe 2 Improvement 2

50 100%

EnekTpnuHa eHepruja
Electricity

|
0 50 100%

5%

95%
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b2
B2

MopopaunyHa Kyha y Hu3y

Cnnunm objekTn
Similar buildings

[P ().
~ 0o

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 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

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

Mpun3emHa Kyha jegHOCTaBHe MpPaBOYraoHe OCHO-
Be. OOUMHWM 3KO0BW CYy MACMBHM, 3MAaHN HEMeyeHoM
OneKoM, ManTepucaHy, 4ecTo ca MAUTKOM [eKOopaTuB-
HOM MNacTUKOM Ha ynuuHoj dacaaw. MNposopwu cy apse-
HW, [OBOCTPYKM Ca pasMakHyTUM Kpuamma (lumpoka
KyTWja), AMMEH3VOHMCaHW Tako [a [ajy AOBO/bHO OCBe-
T/baja CBMM CTaMbEHUM NpPOCTOpKjamMa. XOpU3OHTanHa
KOHCTPYKLMja NpemMa TaBaHy je ApBeHa ca UCMyHOM Of
3eM/be M ManTepucaHm TpWYaHUM nnadoHom. TaBaH-
CKM MPOCTOpP Ce He KOpUCTY 3a bopaBgak. VI3Haa noapy-
Ma je TaBaHMUa of YBPCTOr MaTepwjana (CBof Off oneke),
a MOAPYM Ce He KOPWCTM 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.



MNopofnyHa Kyha ca 13pa3vTo MacMBHKM, XOMore-
HUM, dacaHUM 31aoBKMMa off hepnuya 6e3 Tepmown3o-
nauwje. Tepmorpam npuKasyje TOMAOTHe ryouTKe Kpo3
LIeNoKyMHY NOBPLUMHY 310Ba Ca noBehaHVM MHTEH3W-
TETOM Y 30HW M3HaL NPO30PCKMX OTBOPA. LleCHa Nonosu-
Ha objekTa ce He rpeje. KOHCTpYKLUMja Npo3opa je Heof-
rosapajyha ca v3pasuTim TONAOTHMM rybuLMMa. YnasHe
Kanuje v Kanuwm Npo3opa ce 041TaBajy Kao TONnju ycnes
CyHUYEBOT 3paverba.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
436

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

A family house with massive, homogenous facade
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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

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

Wall to the Adjacent
Building

U (W/m?K)

MNMocTojehe 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 hepnnya 44cm,
manTep 3cm, Tepmowsonaumja /Tpcka/ 10cm,
manTep 2cm

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

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

mantep 2cm, 3ua o hepnnya 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
] 4] ) ] 4]
pel o o o o
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mantep 2cm, 3ua of hepnwua 44cm,
Mantep 3cm

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

0.89

rMNCKapTOHCKe noye 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

Cnorsba Outside

rMNcKapToHcke noye 1.25¢cm,
Tepmou3sonaunja /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
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Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKLIMja 1cnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mZK)
MebycnpatHa

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, dacke 2cm, ApBeHe
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,

TPLWYaHW MnadoH 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, facke 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 T4cm

0.90

YHyTpa Inside

Cnorba Outside

NapKeT Ha Nenky 2.2cm, ueMeHTHa
KoLyrbrla 5cm, Tepmomsonatinja /
rpaHyne/10cm, oneka 14cm

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

0.27

Cnospa Outside

YHyTpa Inside

Tepmovsonaumja 20cm, fpBeHe TaBarbaye
12/14cm Ha 100cm / Tepmomzonatmja 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

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

0.10
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Cknomnosu TepMuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHW, ABOCTPYKM Ca pa3MakHyTUM
Kprimma (LMpoka KyTuja) 1 jeJHOCTPYKMM
CTaKNoM, APBEeHN Kanum

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

3.50

YHanpeherbe 1 Improvement 1

[lpBeHn ca ABOCNOjHIM M30MaLUNOHIM
HMCKOEMUCMOHUM CTaK/10-NakeToOM
NCMYHEHVIM MHEPTHUM racom

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| 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

4.00

[psera vnwu MBL, kpuno ca
TEPMOM30M1aLMOHOM UCMYHOM

Wooden or PVC, insulated leaf

1.50

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

Wooden or PVC, insulated leaf

1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

MNojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHm cuctem rpejarba,
HUCKOTeMNepaTypPHU 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,
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
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Cuctemu rpejarba v npunpeme Torne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EnekTtpuunm 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHu cuctem npunpeme

- Tonne CaHMTapHe BOAe NoBe3aH Ca Tonnae CaHMTapHe 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
YHyTpaltbe CTpaHe . M3onoBarbe XOPU30OHTaHE KOHCTPYKLMjE NpemMa HerpejaHoM TaBaHy. PEKOHCTPYKLMja XOPU30OHTaNHE KOHCTPYKLVje
V13Haj HerpejaHor noapyma (HoBM v3paeHaBajyhim Cloj Npeko CBoAa OA OreKe Of rpaHynrpaHe TepMor3onalyje 1 3aBpliHa obpaaa noaa).
Yrpadtba HOBVX [pPBEHVX NPO30pa Ca ABOCIOJHUM M30MaLMOHUM HUCKOEMUCUOHMM CTaKNO-NakeToM. Yrpafka HOBMX TEPMOV30N0BaHNX
BpaTta. ® VIHCTanaumja UeHTpanHor c1uctema rpejarba U npunpeme Tonne CaHUTapHe BOfe Ca HYCKOTEMNEPATYPHYIM KOTJIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEeM rpejatba Ca M30510BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKMM/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. V3010Batbe XOPH30HTaNHe KOHCTPYKLMjE NPema HerpejaHoM TaBaHy. PEKOHCTPYKLMja XOPU3OHTaNHE KOHCTPYKLMje
V3HaJ HerpejaHor noapyma (HOBW M3paBHaBajyhM CNoj M3Haj CBOfa Of Oneke Of rpaHynvpaHe Tepmowv3onauumje v 3aBpliHa obpaja
noda + AofaTHW C10j Tepmov3onaumje ca Aokbe CTpaHe CBOAa). Yrpaarba HOBMX npo3opa oA MBL npodurna ca TPOCAojHUM M30MaLMOHNM
HUCKOEMMCMOHUM CTaKNO-NaKeToM. Yrpadrba HOBKX TEPMOV30M10BaHNX BpaTa. ® VIHCTanauuja LeHTpanHor cuctema rpejarba v npunpeme
TOM/Ee CaHUTapHe BOJe Ca KOHAEH3ALMOHMM KOTIOM Ha 3eMHM rac. VIHCTanaumja AONyHCKOr CUCTeMa CONapHUX KONeKTopa 3a NOAPLLKY 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 TepMUUKOr OMOTava — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 90 90 90
enemeHara TepMUYKor I
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 40 40

30 I 30 30

20 I 20 . 20

10 = I 10 I i 10 i i

1 4 1 2 3 4 5 6 1.2 3 4 5 6

1 - Cnomaltby 31, 2 —T1po3opw, 3 - Bpata, 4 — 3uA Ka cyceHoM 0bjekTy, 5 — MehycnpaTHa KOHCTPYKLUWMja Ka HerpejaHom TaBaHy,
6 — MehycnpaTHa KOHCTPYKLUMja U3HaA HerpejaHor Nnoapyma

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

CneundunuHa roguiltba
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 lMpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘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 Fpejakba — eHepreTcky bunaHc
Thermal envelope improvement with heating system - energy balance

lNocTojehe 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

[NoTpouwrsa eHepruje

33 rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

. 77% 84%
Energy consumption

after refurbishment
measures
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b3
B3

CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm objekTn
Similar buildings

Oooo
000 J<so%
~ > 00

Free-standing residential building

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

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

CrambeHa 3rpafla npaBOyraOHe OCHOBE, Ca M/UT-
KM YEeTBOPOBOAHMM KPOBOM, rfe je koa sehuHe obje-
KaTa HeuckopuWwheHn TaBaHCKM MPOCTOP BpPeEMeHOM
afantvpaH y cTambeHn. 3VAOBM CYy MACWBHK, 3MAaHW
MyHOM OMeKOM CTaHAapAHOr popmaTa, ManTepucaHn y3
ANCKPeTHY dacaaHy mnacTuky. [Mpo3opun cy ApBeHn ca
WWPOKOM KyTWjOM W eClIMHrep poneTHama, AuMeH3nja
Koje oAroBapajy HewTo Behoj cnpaTHoj BUCUHM. Mehy-
CMpaTHe KOHCTPYKUMje Cy ipBeHe, OCUM M3HaA NoapymMa
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 dacafHUM 3uOBU-
Ma off oneke 6e3 Tepmou3onauyje. Tepmorpam nprikas-
yje paBHOMepHe rybutke TOMioTe Kpo3 dacanHe 3umo-
Be Ca HarnaleHyM 30HamMa XOPU3OHTaNHUX apMUPaHO
BEeTOHCKUX Cepknaxa. lNojeanHy nNpo3opun Cy 3amMerse-
HW caBpemeHumM of MNBL npodwuna 1 [obpux cy Tepmmny-
KX KapaKTepUCTMKa [JOK Ce OPUrMHaHK KapakTepuuly
13Pa3nTM TOMNOTHUM ry6MLMMA.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
266

b - nepwvon 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosballitbm 31 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
CTENEeHNULTY 2

Partition Wall
to Unheated Staircase 2

U (W/mZK)

MNMocTojehe 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
Cnoma Outside

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

1.67 0.28 0.20
[} () () [} ()
be) o he] be) be]
2 2 @ 2 2
k= 5 < 5 k=
3 © 3 © 3
= I I
= 5 = 5 =
() o

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

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

Cnosba Outside

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

1.26 0.27 0.19
(9] [} (5} (9] (9} (]
° ° ° ° ° °
£ g 2 g Z g
g 3 & 5 B 3
> S > 2 > 2
= 2 = 2 = g
(@) U o)
Mantep 2cm, oneka 38cm, Mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 38cm, Mantep 2cm,
plaster 2cm, brick wall 38cm, plaster 2cm NO CHANGES Tepmou3onauuja 5cm, Mantep Tcm
plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm
1.13 1.13 042
(9] [} [} (9] [} (]
° ° ° ° ° °
£ g 2 g k= g
2 FR- S & .
BN 2 = 2 = 2
= 2 = 2 = 2
@] U o]
Mantep 2cm, oneka 29cm HEMA M3MEHA rMNCcKkapToHcke niove 1.25 cm, TepMou3sona-
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES urja 5 cm, ManTep 2cm, oneka 29cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, plaster 1cm
145 145 047
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)
MebhycnpatHa
KOHCTPYKLWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/mZK)

Koc kpoB
(apanTauymja)

Pitched Roof
(Renovation)

U (W/mZK)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

6POACKM 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 cinenu nog 2.5cm,
noTnaTocHuMue 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

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.27

YHyTpa Inside

Cnorba Outside

napkeT 2.2cm, fallyaHu cnenuv nog 2.5cm,
MoTNaTOCHULE 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

YHyTpa Inside

pasaH 1M, Tep Nanwp, facke 2,4cm, por
10/14cm Ha 80cm / Tepmom3sonauuja 14 cm,
AJl donuja, rMnckapToHcKe nnoye 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 cnenn nog 2.5cm,
noTnaTocH1ue y necky 5 cm,, Xepbct”
TaBaHuua 30cm, Tepmowzonauymja 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

Tcm

0.10

Cnosba Outside

YHyTpa Inside

paBaH 1M, Tep Nanwp, facke 2,4cm, por
10/14cm Ha 80cm / Tepmomsonaumja 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 TepMuykor omoTada Elements of the thermal envelope

MNMocTojehe cTarbe Present state

Mpo3opw 1 6ankoHcKa
BpaTta

Windows and Balcony

YHanpeherbe 1 Improvement 1

YHanpehetrbe 2 Improvement 2

Doors
[pBeHw, IBOCTPYKM Ca PasmMakHy VM [pBeHY ca ABOCOJHM 130/1aLMOHVIM MBLL ca TPOCNIOjHMM M30MaLMOHIM
Kpuiuma (vpoka KyTuja) v jeAHOCTPYKIM HUCKOEMUCHOHYIM CTaK/0-NaKeTOM HICKOEMMCMOHIM CTaK/0-MaKeToOM
CTakoM NCNYHEHUM VHEPTHUM racom MCNYHEHUM VHEPTHUM racom
Wooden, double frame, double sash (wide Wooden, double glazed low-E glass unit, PVC, triple glazed low-E glass unit, inert gas
box) with single glazing inert gas filling filling

U (W/m?K) 3.50 1.50 1.00

Yna3Ha Bpata [pBeHa HEMA M3MEHA HEMA M3MEHA

B Wooden NO CHANGES NO CHANGES

Entrance door

U (W/m?K) 3.50 3.50 3.50

Cuctemu rpejatrba v nprnpeme Tore Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopuja

Heating system
LleHTpanHo rpejatbe - MasyT

Centralized radiator heating system/ heating
oil

CreneH nckopuiiherba
cucTema rpejarba

efficiency factor

LleHTpanHu cnctem rpejarsa,

HUCKOTEMMNepaTypHM 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)
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Cuctemu rpejarba v npunpeme Torne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
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

/13onoBarbe dpacafHvx 31[0Ba KOHTAKTHOM TePMOM30MaLMOHOM dacafom. VI30noBare XOPU3OHTanHe KOHCTPYyKUMje M3Haf HerpejaHor
noApyma. Yrpafikea HOBUX $pacafHyvx [pBEHMX NPO30pa Ca ABOC/IOJHMM M30NaLMOHUM HUCKOEMUCUOHUM CTaKNOo-NakeToM. Yrpaitba HOBYX
KPOBHWX anyMUHWJYMCKUX NPO30pa ca yHanpeheHUm TepMOnpeKniom v JBOCIOJHAM MU301aUMOHMM HUCKOEMUCUOHMM CTaKNO-NaKeToM.
®  |IHcTanaumja LEHTPanHor cuctema rpejakba W npunpeme Tomnne CanuTapHe BOAE Ca HWUCKOTEMMNEPATYPHWM KOTIIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEM rpejakba Ca M30/10BaHUM LIEBHUM BOAOBMMA ¥ BPEMEHCKVM/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 Gacapom. V130n0Barbe yHyTpalltbiiX 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.
Yrpadta HOBUX KPOBHUX anyMUHWyMCKIX NPo3opa ca yHanpeheHUM TepMonpeknpom, v TPOCIOJHUM M30MALMOHNM HUCKOEMUCUOHIM
CTakno-naketom. ® VIHcTanauuja LEHTPanHor cuctema rpejarba v npunpeme Tore CaHnTapHe BOAE Ca KOHAEH3aLWOHVM KOTNIOM Ha 3eMHM
rac. VIHcTanauwja [OMyHCKOr CCTeMa CONapHYX KONEKTopa 3a NoAPLUKY Y NpUNpemy Tonse CaHUTapHe BOAeE.

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 TepMUUKOr OMOTava — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 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 paspeq

; | ) I

Energy class

CneundunuHa roguiltba
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 lMpaBunHUKy o eHepreTckoj edrikacHocTh 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 TepMrMUKor oMoTaya ca CMCTEMOM rpejarba — eHepPreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpehere 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 ail Gas Gas

lNpumapHa 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 eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKNX
N TEDMOTEXHUYKINX
mMepa

63% 75%

Energy consumption
after refurbishment
measures
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B4
B4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm objekTn
Similar buildings

Oooo
000 J<so%
~ > 00

Residential building —lamela

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MospuwnHa (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
KpoBoMm. [ogpyMCKM MPOCTOp Ce 4eCTo AMMUYHO
KOPWCTW 3a 6opaBak (y feHnBenaLuumjv), AOK je Kof MHOTMX
objekaTa TaBaHCKM MPOCTOP BPeMeHOM adamTupaH Yy
CcTambeHn. 31MA0BM Cy MACKBHM, 3UAAHWU MYHOM OMNEKOM
CTapor dopmata, ManTepucaHy y3 AUCKPeTHY dacagHy
nnacTuky. po3opu Cy NojeavHauHK, LOUMEH3Mja Koje
ofroBapajy HelwTto Behoj cnpatHoj B1UCUMHK. Mehycnpat-
He KOHCTpyKLUMje Cy APBEHE, OCUM M3Haf 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.



CrambeHa namena ca 13pasnto MacBHUM GacaHnm
31a0BKMMa Of oneke 6e3 Tepmomsonauuje. Tepmorpam
npviKasyje paBHoOMepHe rybuTKe TonnoTe Kpo3 pacagHe
31aoBse ca nosehaHUM MHTEH3UTETOM Y 30HM HATNPO30p-
HUX rpefa (1 koA 3a3ugaHor oTBopa Npu3emsba). Nojeaun-
HW NPO30pPU Cy 3amerbeHn caspemerim of MBL npoduna
1 [OBPYIX Cy TEPMUUKNX KapaKTePWCTMKA AOK CE OpUrii-
HaNHM KapaKTepWLLY 13Pa3nTM TOMNOTHVM ryOMLMMA.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
313

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

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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosballitbm 31 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
CTeNeHnLWTy

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka cycenHoj
namenu (aunatauwja)

Wall to the Adjacent
Entrance (dilatation)

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, orneka 44cm, mantep 2cm
plaster 2cm, brick wall 44cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosa 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

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnoma Outside

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

1.12 0.26 0.20
[} () () [} ()
i) ke, ke, k) ke,
2 Z & 3 &
i= 5 i= 5 <
3 © 3 © 3
= I I
z 5 5
= S = e =
() o

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

Cnosba Outside

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

1.51 0.28 0.22

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

° ° ° ° ° °

£ g 2 g Z g

g 3 & 5 B 3

e 5 T 5 & 5

= 2 = 2 = g
(@) U o)

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

plaster 2cm, brick wall 29cm, plaster 2cm NO CHANGES Tepmou3onauuja 5 cm, mantep 1 cm

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

133 1.33 045

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

© o k) © ) o

£ g 2 2 2 g

B s B S 8 S

s i s i = 2

= e = 2 = e
@] (@) ]

mantep 2cm, oneka 29cm HEMA M3MEHA HEMA M3MEHA

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

1.42 1.42 142




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

Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MehycnpatHa
KOHCTPYKLWja M3Haa
HerpejaHor npoctopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

MebycnpatHa
KOHCTpYKLUMja ncrnop
HerpejaHor nNpocTopa
(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
3emrba

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

0.59

YHyTpa Inside

Cnosba Outside

napKeT 2.2cm, falyaHn cnenn nog

2.5cm, notnatocHuLe y necky 8/5 cm,
cuTHOpPebpacTa 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

Cnorba Outside

HEMA M3MEHA
NO CHANGES

0.59

YHyTpa Inside

Cnosba Outside

MapKeT 2.2cm, AaldaHu cnenv nog 2.5cm,
NOTNaTOCHWLE y necky 8/5 cm, cTHopebpacTa
TaBaHvLa 35cm, fepmowms. 10 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 10cm, plaster 1cm

0.29

Cnosba Outside

YHyTpa Inside

necak 2cm, 61aTo ca nnesom 5cm,
cuTHOpebpacTa TaBaHwuUa 35cm, TpLiyaHu
nnadoH 5cm

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

1.16

Cnosba Outside

YHyTpa Inside

LiemMeHTHa Kowysbuiua 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¢cm,
straw - plaster ceiling 5cm

0.26

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.59

YHyTpa Inside

Cnosba Outside

NnapkeT 2.2cm, fallyaHn cnenm nog
2.5cm, noTnatocHuLe y necky 8/5

cm, cuTHopebpacTa TaBaHMUa 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

YHyTpa Inside

LlemeHTHa Kowyrbuua 5 cm, MBL donwja,
Tepmousonauwja 15 cm, cutHopebpacTa
TaBaHwuUa 35cm, Tpwyarn nnadoH 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 TepMuykor omoTada Elements of the thermal envelope

[Npo3opwu

Windows

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kprimma (LMpoka KyTuja) 1 jeJHOCTPYKMM
CTakoM

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

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HIICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

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

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM 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 rpejatrba v nprnpeme Tore Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuiiherba
cucTema rpejarba
Heating system
efficiency factor

lNojeanHauHe nehn Ha cTpyjy

Single electric stove

LleHTpanHu cnctem rpejarsa,
HVCKOTeMMEePaTYPHM KOTao 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 rpejarba v npunpeme Torne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
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

/13onoBarbe dpacafHvx 31[0Ba KOHTAKTHOM TePMOM30MaLMOHOM dacafom. VI30noBare XOPU3OHTanHe KOHCTPYyKUMje M3Haf HerpejaHor
npoctopa (nofpym). M3onosarbe XOPU3OHTaNHE KOHCTPYKLMjE WCMOZ HerpejaHor npoctopa (TaBaH).Yrpafrba HOBWX [pPBEHMX NPOo3opa
Ca [BOCOjHNM M30M1aUMOHUM HUCKOEMUCHOHIM CTaK/O-NMaketom.  ®  VHCTanauuja LUEeHTPanHOr ChCTema rpejatba 1 npunpemMe Torne
CaHUTapHe Bofe Ca HUCKOTeMMNepaTyPHUM KOT/IOM Ha 3eMHM rac. HckoTemnepaTypHy CUCTeM rpejarba ca M3010BaHVM LEBHYVIM BOAOBMMA 1
BPEMEHCKIM / TeMnepaTypHIUM 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 Gacapom. V130n0Barbe yHyTpalltbiiX 3140Ba NpemMa HerpejaHom npoctopy
(xopHWK/CTeneHnwTe). V3onoBarbe XOPU3OHTaNHe KOHCTPYKUMje W3Had HerpejaHor npoctopa (nofpym). V3010Batbe XOPU3OHTanHe
KOHCTPYKLMje MCNOA HerpejaHor NpocTopa (TasaH). Yrpaaksa HoBUX npo3opa oA MBLL npodwna ca TpociojHUM 1301aLMOHUM HUCKOEMUCHIOHKM
CTakno-naketom. ® VHCTanauwja LeHTpanHor cuctema rpejakba 1 npunpeme Torsle CaHUTapHe Bofie Ca KOHAEH3aLMOHVM KOTAIOM Ha 3eMHU
rac. VIHcTanauwja fOMyHCKOT CCTEMa 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 TepMUUKOr OMOTava — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TornotHu ryuum 1200 1200 1200
enemMeHaTa TepMUYKor I
oMOTaya 3rpane
B 1000 1000 1000
Heat loss through the
thermal envelope 300 800 800
[W/K] I

600 I 600 600

400 I = 400 400

200 200 8 200

1 2 3 4 5 6 7 8 1 2 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 — 31 Ka HerpejaHom CTeneHuwTy, 5 — 31 Ka CycenHoj namenn/
aunataumja, 6 — Moa Ha Ty, 7 — MehycnpaTHa KOHCTPYKUMja M3Haa HerpejaHor nogpyma, 8 — MehycnpaTtHa KOHCTPYKLMja 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 roaviltba

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

[kWh/m?/ year]

EHepreTckin paspeq

U

Energy class

OuHanHa eHepryja

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

50 100% 0 50 100% 0 50 100%

o

[KWh]

* npema lMpaBunHUKy o eHepreTckoj edrikacHocTh 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

YHanpeT)el-be TePMUNYKOI OMOTa4a Ca CUCTEMOM rpejal-ba — €HepreTckn 6unaHc

Thermal envelope improvement with heating system - energy balance
MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1

EHepruja notpebHa 3a
rpejarce

Heating energy _

demand

[KWh]

EHepreHT

Fuel EnexkTpruHa eHepruja lac
Electricity Gas

YHanpebherbe 2 Improvement 2

55891
(e

[ac
Gas

95187
12%

MNpumapHa eHepruja

Primary energy
[KWh]
666648
88%
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100% 0 50 100%

NoTpouwmsa eHepruje

3a rpejakbe HakoH
npumMeHe rpaheBrHCKINX
N TEPMOTEXHUYKMX
Mepa

Energy consumption e

after refurbishment
measures

61480
8%

700355
92%

82%
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b5
B5

CrambeHa 3rpaga y oKBupy

Cnnunm objekTn
Similar buildings

Oooo
000 J<so%
~ > 00

Residential building in a row

rpagckor 6noka

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

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

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

CrambeHa BMWeCNpaTHMLA OCHOBE Koja je mpua-
roheHa napuenaumjy TPaAUUMOHANHOT rpacKkor BokKa.
/13a HasmaKa je KOC KPOB, Ca TaBaHCKMM MPOCTOPOM Koju
je BpemeHoMm Hajuelwhe aganTtvpaH y ctambeHn. acagHu
310BM CY MAaCMBHM, 31MaHW MyHOM OMeKoMm Yy AebrbrnHa-
Ma 25-5Tcm, obpaheHwn aekopaTMBHYM hacaHVIM ManTe-
POM Y3 reoMeTpr30BaHy dacafHy nnacTuky. Mpo3opu cy
APBEHW, Ca WMPOKOM KYTWjOM W ApBeHWM “ecivHrep”
poneTtHama. [opyMCKIM MPOCTOP Ce YrNaBHOM He Kopuc-
TV 3a Bopagak, a Nprsemsbe je ctambeHo. MehycnpaTHe
KOHCTPYKUMje NpemMa TaBaHy Cy YrnaBHOM APBEHE, 0K je
TaBaHWUa@ M3Ha4 NoapymMa BETOHCKa, nioYa Unu CUTHO-
pebacTa TaBaHuLa.
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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.



CrambeHa 3rpaja ca MacMBHUM dacafHUM 3uOBU-
Ma off oneke 6e3 Tepmou3onauyje. Tepmorpam nprikas-
yje rybutke Tonnote Kpo3 GacagHe 3unoBe ca Harnalle-
HM VHTEH3UTETOM Y 30HaMa XOPU30OHTaIHVIX aPMUPaHO
BETOHCKMX CepKaxa 1 NapaneTa Kao nocneanLia CMare-
He aebrbuHe 31aa. MpUMeTHY Cy U3pa3nTy rybuL Tonsno-
Te Ha W3/0ry Npr3eMHOr flokana v NojefAuHUM, Opuri-
HaNHMM, APBEHVM NPO30p1Ma.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]

213

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

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 TepMmnykor omoTada Elements of the thermal envelope

Cnosbawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosballitbu 31 2

External Wall 2

U (W/mZK)

314 Ka HerpejaHom
CTeNEeHNLWTY

Partition Wall
to Unheated Staircase

U (W/m?K)

314 Ka cycejHoM
0bjeKkTy

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] (9}
Z Z o 3 .
£ £ £ g £
@© (@) © (@] ©
I T 2 < 2
B 5 _|>._\ 5 z
= e = 2 =
O 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 Tcm

1.26 0.27 0.21
(9] (5} (5} (9] (5} (]
o ) o o ) el
2 £ 2 g 2 B
g 3 & 3 & 3
> & > 2 > 2
= e = e = 2
@] U @)
ManTep 2cm, oneka 25cm, Mantep 2cm HEMA N3MEHA ManTep 2cm, oneka 25cm, mantep 2cm,
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES Tepmou3onauuja 5cm, Mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5cm, plaster Tcm
145 1.45 0.46
(9] [} [} (9] (5} (]
° o ° ° ° °
2 g £ g £ g
3 s £ s B 5
> & > 2 > 2
= 2 = 2 = 2
@] U @)
ManTep 2cm, oneka 38cm HEMA N3MEHA rMNC KapTOHCKe nnoye 1,25 cm, TepMowr3ona-
plaster 2cm, brick wall 38cm NO CHANGES uvja 5 cm, manTep 2cm, oneka 38cm
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 38cm
1.23 1.23 043




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

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

Koc kpos
(apanTaymja)

Pitched Roof
(Renovation)

U (W/m?K)
MebycnpatHa
KOHCTPYKLUWja 13Hag
OTBOPEHOr Nposiasa

Floor Construction
to Outside Area

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnosba Outside

napKeT 2.2cm, Aallyann cnenwvi nog 2.5cm,
noTnaTocHuLe y necky 8/5 cm, Ab nnoua 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

Cnosba Outside

napkeT 2.2cm, fawyaHn cnenn nog

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

AB nnoya 20cm, Tepmonsonaumja 10cm,
rMNCKapTOHCKe nnoye 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

Cnosba Outside

YHyTpa Inside

XIbebrbeHw Lpen, NonpeyHe neTse, NogyKHe
netBse, Tep nanunp, aacke 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

napkKeT 2.2cm, aliyaHv cnenn 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 5¢cm,
reinforced concrete ribbed slab 5+20cm,
straw-plaster ceiling 5cm

0.92

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

043

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, fallyaHy cnenv nog 2.4cm,
noTnatocHuLe 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

Cnosba Outside

napkeT 2.2cm, AalyaHu cnenw nog

2.5cm, notnatocHuue y necky 8/5cm,

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

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

0.21

Cnosba Outside

YHyTpa Inside

XIbebrberw Lipen, nonpeyHe neTse, NoayxHe
neTBe, Tep nanup, facke 2,4cm, por 12/14cm Ha
80cm / Tepmowizon. 10cm + Basgyx 4cm, Tep-
Mowzonaumja 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

Cnosba Outside

napKeT 2.2cm, galiyaHu cnenn nog 2.4cm,
noTnaTocHuLe y necky 5cm, Ab pebpacta KoH-
CTpyKUMja 5+20cm, Tpldary nnadoH 5¢cm, Tep-
Momsonauwja 15cm, 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 15cm, plaster 1Tcm

0.21
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MNMocTojehe cTarbe Present state

[pBeHM, ABOCTPYKM Ca PasMakHyTUM
Kprimma (LWMpoka KyTuja) 1 jeJHOCTPYKMM
CTakom

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

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHUM racom

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[peeHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKIOHOM
- - NCNyHOM
Wooden NO CHANGES -
Metal, insulated leaf
2.50 2.50 1.50

Cuctemu rpejarba 1 npunpeme Tonse Boge Heating and hot water system

CncTem 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 GoCuiHa ropuea.
TepmocTaTcku BeHTUW. ModepHu3aumja
NOACTaHuLE - 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 |

[larb1HCKO Ha GOoCUHa ropuBea.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj TemnepaTtypu.
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




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

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Cuctem npunpeme
Tomne Boge
Hot water system
EnekTpuunm 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHn cuctem npunpeme
- MoBe3aH ca CMCTEMOM rpejarba. noBe3aH ca CUCTEMOM rpejatba v
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHUX KONeKTopa.
CMPemMHNKOM y NoACTaHNLN. V3mersmBay TonnoTe 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 yHanpeherwa Improvement measures description

YHanpehetbse 1 V13onoBarbe dacagHMx 31goBa KOHTAKTHOM TEPMOM30MAUMOHOM dacafom. V30/10Barbe XOPH3OHTANHE KOHCTPYKUMjE M3Hag OTBOPEHOr
nponasa. V30n08arbe XOPU3OHTANHE KOHCTPYKUMjE M3HAZ HErpejaHor noppyma. Yrpadrba HOBKX [PBEHWX Mpo30opa ca ABOCIOJHUM
130/1aUMOHUM HNCKOEMMCUOHMM CTaKMo-NakeTom. @  Yrpafrba TePMOCTATCKMX BEHTWA MO CTaHoBMMA. MoaepHum3aumja noacTaHuue

Improvement 1 YrpaarboM CUCTEMA 3a Perynaunjy NpoToKa npema CrosbHOj TeMMEPaTYpH U MEPEFEM NCTIOPYUYeHe eHepriije. Hamnnata npema noTpoubi
MepeHO] y MOACTaHMLW. Yrpaiiba LEHTPaNHOr CUCTEMa MpUNpeme Torie BOAE NOBE3aHOr Ca CUCTEMOM rpejatba.

Thermal insulation of fagcade walls with a contact fagcade 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.

Yranpebetbe 2 M30noBare hacaHiX 30Ba KOHTAKTHOM TEPMOM30NALIMOHOM dacafom. V30110Barbe yHyTPaLlFbUX 3108a MpeMa HerpejaHoM NpocTopy
(xomHUMK/CTeneHnwTe). M30M0Barbe 31M0Ba Ka CyceHIM OBjeKTVMa Ca YHyTpallkbe CTpaHe. [lojaTHO 30M10Barbe KPOBHE KOHCTPYKLMjE Ca
YHYTPaLLFbe CTpaHe. /30710Barbe XOPU3OHTaNHNX KOHCTPYKLM]a M3HaZ OTBOPEHOT NPonasa 1 HerpejaHor noapyMa. Yrpajikba HOBUX Npo3opa

Improvement 2 oa MBL| npoduna ca TPOCHOjHUM M30NMaLMOHUM HIUCKOMMUCHIOHYIM CTaKAO-NaKeToM. Yrpafirba TepMOV30SI0BaHVIX BpaTa.
® Yrpajirba TePMOCTATCKIX BEHTWA MO CTaHOBMMA. MoaepHM3aLinja NofiCTaHNLe YrpazrboM C/CTeMa 3a perynaLjy NpoToKa npema CrosbHO)j
TEMNEPaTYpPU U MEPEH-eM UCTOPYUeHe eHeprije. Yrpadrba Mymre Ca NPOMEHbYBUM NMPOTOKOM M OUMTaBatbem MOTPOLHE eHeprije.
HannaTa npema NoTpolLVi MePEeHoj y MOACTaHMLM. Yrpajrba LIeHTPaHOT C/cTeMa NpUMpenMe Tomfe BOAe NOBE3aHOr Ca CUCTEMOM rpejakba,
Ca JOMYHCKVM CHCTEMOM COMapHYX KOMIEKTOPA 3 MOAPLIKY MPUMpeme.

Thermal insulation of facade walls with a contact facade 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 TepMUUKOr OMOTava — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 300 300 300
enemMeHaTa 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 0bjexTy,
6 — MehycnpaTHa KOHCTPYKUMja U3HaA HerpejaHor noapyma, 7 — MehycnpaTHa KOHCTPYKLMja 13Haz OTBOpEeHOr nposasa, 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 rogniurba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy
demand per year

79 (53%) 103 (69%)

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

EHepreTckin paspeq

Energy class

®uHanHa eHepruja

Final energy [ e ] [ e | [Fasamn]

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

* npema lMpaBunHUKy o eHepreTckoj edrikacHocTh 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 TepMrMUKor oMoTaya ca CMCTEMOM rpejarba — eHepPreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state

EHepruja notpebHa 3a

rpejarce

Heating energy _

deer [ 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

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%

[oTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKNX
1 TEPMOTEXHUUKMX
mMepa

Energy consumption
after refurbishment
measures

169158
56%

50 100%

56%

217645
72%

72%






{ period 1946 — 1960




HaumnoHanHa Tunonorwvja cramberwix 3rpaga Cpbuje National Typology of Residential Buildings in Serbia

L1
CT

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm objekTn
Similar buildings

ooo oo
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

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

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

MNpr3emHa Kyha KOMNaKTHe NpaBoyraoHe OCHOBE, Ca
Manum 6pojem dacafHux oTBopa. Kpos je nnnTak, YeTso-
POBOAHN ¥ TaBaHCKM MPOCTOP Ce He KOPUCTM 3a bopa-
Bak. OBGVIMHV 3U0BY Cy Of MyHe OMneke, ManTepucaHiu,
noHeka Ca CBefleHOM yKpackma y dacagHoM mantepy.
[Npo30pW Cy APBEHW, Ca CMOSbHUM 3aCTopUMa. XOPW30H-
TallHa KOHCTPYKLUMja NMpema TaBaHy je ApBeHa ca UCry-
HOM Of] 3eM/be 1 ManTepUCaHNM TPLWYAHMM 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.



MNopofnyHa kyha ca macviBHUM dacagHVUM 31A0BK-
Ma ofi oneke 6e3 Tepmomsonaumje. Kyha ce He rpeje y
LeNoCTN 1 Ha TePMOrpamMy Ce jaCHO MOXe BUAETH rpeja-
HW Aeo y BMAY 3aare cobe Ha nesoj dacaaun. GacagHu
310BM Npearbe dacase ca NPUMETHMM ryouLMMa, MaKko
ce cobe He rpejy, y 30HV BETOHCKINX CepKaxa v CoKIe.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
335

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbk 31A

External Wall

U (W/m?K)

[Noa Ha Ty

Ground Floor

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3ua of 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,
mantep 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, 31a 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

Cnosba Outside

napkeT 2.2cm, LeMeHTHa KoLy 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

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
Mehycn paTHa Cnosba Outside Cnosba Outside
KOHCTPYKLWja NCMOA
HerpejaHor TaBaHa
Floor Construction
to unheated Attic YHyTpa Inside YHyTpa Inside
HabujeHa 3emsba 6CM, ApBEHE TaBarbaye Tepmowusonaumja 14cm, apBeHe TaBarbaye
10/12cm Ha 80cm /6nato +apBeHe netse 10/12cm Ha 80cm /Tepmou3sonaunja
+CN0oj Basfyxa, TpLYaHn nnagoH 5cm 4cm-+apBeHe neTse +CNoj Basfdyxa, TPLUYaHW
- nnadoH 5cm

rammed earth 6 cm, wooden rafters -
10/12cm at 80cm / mud + batten + air layer,  thermal insulation 14cm, wooden rafters

straw-plaster ceiling 5cm 10/12cm at 80cm / thermal insulation 4cm
+ batten + air layer, straw-plaster ceiling 5cm
U (W/m?K) 0.77 0.18

YHanpeherbe 2 Improvement 2

Cnoma Outside

YHyTpa Inside

Tepmom3onauuja 12cm, ipBeHe TaBatbaye
10/12cm Ha 80cm /Tepmou3onauuja 12cm,
TpWyaHu nnapoH 5cm

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

0.14
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Cknomnosu TepMuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTta

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
Kprimma (LMpoka 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

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCMOHUM CTaK/0-NaKkeTom
MCMYHEHUM MHEPTHUM racoM

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM 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

4.60

[lpBeHa, KpKo ca TepMoV3onaLoHOM
NcnyHoM

Wooden, insulated leaf

1.50

[lpBeHa, KpWo ca TepMOM30MaLIMIOHOM
MCMYHOM

Wooden, insulated leaf

1.50

Cuctemu rpejatrba v nprnpeme Tore Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuuiherba

cvcTema rpejarba

Heating system
efficiency factor

lNojeanHaure nehn Ha cTpyjy

Single electric stove

LleHTpanHm cuctem rpejarba,
HUCKOTEMMePaTYPHM 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/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 Tomse Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EnekTpuunm 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cuctem npunpeme

- TOMse 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 yHanpeherwa Improvement measures description

YHanpeherse 1

Improvement 1

YHanpeherbe 2

Improvement 2

V130n0Batse hacafHx 3MA0Ba KOHTAKTHOM TEPMOV30M1aLIMOHOM Gacafiom. /13010BaHe XOPU30HTaNHE KOHCTPYKLIM]E TPeMa HerpejaHoM TaBaHy.
Yrpagrba HOBMX APBEHWX MPO30pa Ca ABOCOJHMM M30MaLMOHUM HUCKOEMUCUOHMM CTaKo-MakeToM. Yrpadra HOBMX TEPMOU3010BaHNX
Bpata. ® VIHCTanaumja LeHTpanHor cucTema rpejatkba v npynpeme Tonne CaHnTapHe Bofe Ca HUCKOTEMMNePaTyPHUM KOT/IOM Ha 3eMHU 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
TepMOM30MaLMOHOr CNoja. M3onoBatrbe XOprn3oHTanHe KOHCTPYKLMje NpemMa HerpejaHom TaBaHy. Yrpafrba HoBMx npo3opa oA MBL npoduna
Ca TPOC/OJHUM M30MALMOHNM HACKOEMMCUMOHUM CTaK/IO-MaKeToM. Yrpaitba HOBVX TEPMOM30NOBaHMX BpaTa. @ VHCTanauwmja LeHTpanHor
cvcTemMa rpejatba v npunpemMe Tonne CaHUTapHe BOJe Ca KOHAEH3aLMOHVM KOTIOM Ha 3eMHMU rac. IHCTanaumja JonyHCKOr cucTema ConapHmx
KomneKTopa 3a NoApLIKy Y NPUNPeMI ToMne CaHUTapHe Bofe.

Thermal insulation of facade walls with a contact facade 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 100 100 100
enemMeHaTa TepMUYKor
omMOTaya 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 12 3 45 12 3 4 5

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

CneundunuHa roguiltba
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]

‘ 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 edukacHoCcT 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 — eHepreTcky buaHc
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

[ka]

[loTpowrba eHepruje

3a rpejatbe 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

Cnnunm objekTn
Similar buildings

[P ().
~ 0o

Family house in a row

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oavHa n3rpagHe 1946-1960 Year of construction 1946-1960
Bpoj eTaxa 1 (Mp) Number of floors 1 (Gf)

bpoj cTaHoBa 1 Number of apartments 1

MospuwnHa (M?) HeTo rpejaHa 120 Area (m?) Net heated 120
3anpemuiHa (m?) HeTo rpejaHa 350 Volume (m?3) Net heated 350

Mpun3emHa Kyha ocHose y 06nuKy cnosa " Koje
bopmmpajy ynmuHn 1 ABOPULLHK Aeo objekTa. [1BoBoA-
HV KPOB MpaTu reoMeTpujy OCHOBE, a TaBaHCKM MPOCTOP
Ce He KopuUCTK 3a 6bopasak. GacafgHW 31[OBK Cy Of NMyHe
oneke, ca Mano OTBOpa. 3aBpLiHa obpafa je mantep,
YecTo Ca CBeAEHVM enemMeHTVIMa MAMTKe MAacThKe Ha
YIIMYHOJ CTPaHMU.

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.



MNopofnyHa kyha ca macviBHUM dacagHVUM 31A0BK-
Ma ofi oneke 6e3 Tepmomsonaumje. Kyha ce He rpeje y
LeNoCTN 1 Ha TePMOrpamMy Ce jaCHO MOXe BUAETH rpeja-
HW Aeo Y B1Ay neBe cobe Ha ynuuHoj dacaaw. MNprmeTHa
3arpejaHoCT KPOBHE MOBPLUMHE Ce jaBrba Kao nocneimn-
La CyHYeBOr 3paverba. KOHCTPYKLUWja Npo30pa je Heofd-
rosapajyha ca v3pasuTim TOMAOTHUM rybuumnma, Hapo-
YMTO Y 30HM KyTKja 33 PONETHE.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
325

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

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 fagade. 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

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

Wall to the Adjacent
Building

U (W/m?K)

lNperpagru 31a Ka
HerpejaHom NpocTopy

Partition Wall
to Unheated Area

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 31 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,
mantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster 1cm

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 314 of oneke 38cm,
Mantep 2cm, Tepmonsonaumja 20cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 20cm, plaster 1cm

Cnorsba Outside

1.17 0.26 0.14
[ (9] (] [} [
© ) ) o ©
2 2 2 E 2
© (@) © (@] ©
2 3 2 3 2
: 5 2 sz
> C.:) > C:) >

(@} (@}
Mantep 2cm, 3va of oneke 38cm HEMA N3MEHA TWNC KapTOHCKe nove 1,25cm,
- - Tepmou3sonauurja 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

1.16 1.16 041
[} () () [} [
© ) ) o o
2 E 2 E 2
© O © @) ©
e T 2 T I
2 5 2 5 :
> 8 > 8 >

(@} (@}

ManTep 2cm, 31 oa oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

1.39

ManTep 2cm, 3uA o4 oneke 25cm,
ManTep 2cm, Tepmovrsonaumja 5ecm,

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, Tepmonsonaumja 10cm,
MMNC KapTOHCKa nnoya 1,25cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, gypsum board
1.25cm

0.26
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Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)
MehycnpatHa

KOHCTPYKUWja 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
Kolysbula 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

YHyTpa Inside

[lacke 5cm, fpeeHe rpeae 16/20cm

Ha 90cm / Ba3gyx 20cm, TplwyaHy 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,

TpWwyaHm nnadoH 5¢cm

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, UeMeHTHa Kowyrbuua 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

Tepmovizonaumja 20cm, facke 5¢cm,

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
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Cknomnosu TepMuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHw, IBOCTPYKM Ca PasmMakHy VM
Kprimma (LMpoka KyTuja) 1 jeJHOCTPYKMM
CTakoM

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

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HIICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

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

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pseHa HEMA M3MEHA [pseHa nnw MBL, kpuno ca
- - TePMOU30MaLMOHOM UCMYHOM
Wooden NO CHANGES -

Wooden or PVC, insulated leaf
3.30 3.30 1.60

Cuctemu rpejatrba v nprnpeme Tore Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

MNojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHm cnuctem rpejarba,
HUCKOTeMNepaTypPHU 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,
KOHIEH3aUMOHM 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 Tomse Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
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

13onoBatbe  dacagHUX 3v40Ba KOHTAaKTHOM TepMOM30MaUMOHOM dacafom. V3onoBare YHyTpalyx 3MAoBa Mpema HerpejaHom
npocTopy. VI30n10Bare XOPU3OHTANHE  KOHCTPYKLMje Mpema HerpejaHom TaBaHy. Yrpafirba HOBWX APBEHMX MPO30pa Ca ABOCIOJHUM
301aLMOHNM HUCKOEMMUCMOHUM CTaKmo-NakeTom.  ®  VIHCTanauwmja LeHTpanHor cuctema rpejarba 1 npunpemMe Torse CaHWTapHe BOAe
Ca HUCKOTeMMepaTypPHUM KOTJIOM Ha 3eMHM rac. HickoTemnepaTypHu CUCTEM rpejatba Ca M30N0BaHVM LIEBHIM BOZIOBMMA U BPDEMEHCKIM/
TemnepaTypHUM perynaTopmma.

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 TePMOU30/aLMOHOM pacafom. /130n10Barbe 31MA0Ba Ka CycefHVM 06jeKTMa Ca yHyTpallbe CTpaHe.
V3onoBatbe yHyTpallrbUX 310Ba Npema HerpejaHoM NpocTopy. PeKOHCTPYKLUMja ClojeBa nofa Ha Ty ca AofaBatbem Tepmovsonauyje.
/13010Batbe XOPU3OHTasNHE KOHCTPYKLIM]e MpemMa HerpejaHom TaBaHy. Yrpafrba HoBMx Npo3opa oA MBL npodwna ca TpocnojH1M 130naLmMoHm
HCKOEMMCMOHIM CTaKmo-NakeToM. Yrpadrba HOBYX TePMOV30/10BaHNX BpaTa. ® VHCTanauvja LeHTpanHor cicTema rpejarba v nprnpeme
TOM/e CaHUTapHe BOAE Ca KOHAEH3aUMOHMM KOTIOM Ha 3eMHM rac. MIHCTanauwvja AONyHCKOr cUCTema CoNapHMX KONeKTopa 3a NOApPLLIKY 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.

wi
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 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
12 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 KOHCTPYKUWMja 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 rognirba
notpebHa eHepruja 3a
rpejarbe

104 (43%)

Specific Heating Energy

demand per year 150 (61%)

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

EHepreTckin 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 edukacHoCcT 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 — 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

MNpumapHa eHeprija

Primary energy
[KWh]
14628
71%
[ O B B

Emncmja CO,

CO, emission 0

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

68% ' 81%

[ka]

[loTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures
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L3
c3

CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm objekTn
Similar buildings

<50%

Free-standing residential building

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MospuwnHa (M?) HeTo rpejaHa 350 Area (m?) Net heated 350

3anpemuHa (m?) HeTo rpejaHa 1000 Volume (m?3) Net heated 1000

CrambeHa 3rpafla  KOMMaKTHE OCHOBe, Ca  KOCUM
YEeTBOPOBOAHMM KPOBOM. 3MAOBW Cy MacWBHW, 3MAa-
HV MyHOM OMEeKOM CTaHAapAHOr Gopmata, Mantepuca-
Hu, 6e3 mKakemx dacagHnx ykpaca. [Mpo3opu cy apse-
HWY, OBOCTPYKM, CTaHAApAHVX AvmeH3unja. MehycnpatHe
KOHCTPYKUMje Cy cUTHopebpacTe apMMpaHOOETOHCKe.
MoApyMCKM 1 TaBaHCKWM NpocTopu Hajuewhe ce He
KopucTe 3a bopagak. puemsbe objeKTa je HamereHo
CTaHOBakbY.

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 3rpafa ca MacvBHUM GacafHVM 3UA0BK-
Ma off oneke 6e3 Tepmowmsonauyje. TepMorpam NpuKas-
yje BUCOK MHTEH3UTET rybutaka Tonnote Kpo3 dpacagHe
3WA0BE rpejaHor fena ca HarnalweHVM XOPU30HTaHUM
APMUPAHO BETOHCKNM CEPKNAKMMA Y OIHOCY Ha Herpeja-
HV Npu3emMHW feo 3rpafe. Ha Buwvm cnpaToBMMa ce
MOXe MPUMETUTY CEKYHAAPHO 3arpeBarbe Off CyHUeBor
3payerba, kao v nosehaHu TOMNOTHY rybuum Ha dacaa-
HOJj cTOnapumjn.

EHepreTcku paspep objekta — noctojehe 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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbu 31g

External Wall

U (W/m?K)

31 Ka HerpejaHom
cTeneHnwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

31 Ka HerpejaHom
CTeneHnLTy 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 38cm, nnemeHuTH
Mantep 3cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnoa Outside

ManTep 2cm, oneka 38cm, nnemeHnTH
mManTep 3cm, Tepmomnsonauuja 10 cm,
mantep 1cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm, thermal insulation 10cm,
plaster Tcm

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, oneka 38cm, nnemeHnT
Mantep 3cm, Tepmonsonaumja 15 cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, decorative plaster
3cm, thermal insulation 15cm, plaster Tcm

1.26 0.27 0.21
(9] [} [} (] [} [}
o © o © o ©
2 2 £ 2 k= g
2 S B S B .
3 2 2 2 3 2
= e = 2 = 2
U @} U

Mantep 2cm, oneka 38cm, mantep 2cm HEMA N3MEHA ManTep 2cm, oneka 38cm, mantep 2cm,
- - Tepmousonaymja 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
9] [} (5} (] [} [}
je! bl hel he, je! bl
2 E 2 E £ B
g s B8 ; 8 5
> 2 > 2 > 2
= e = e = 2

(@} (@} (@}

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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Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

MebhycnpatHa
KOHCTpYKLUMja ncrnop
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, cnenu 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 5cm, cutHopebpacTa
TaBaHu1ua 30cm, TpluyaHu 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, TpLUYaHu
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

Cnospa Outside

napKeT Ha Nenky 2.2cm, cnemu nog 2.4cm,
noTnaTocHMLE y necky 5 cm, cutHopebpacta
TaBaHwuua 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

LleMeHTHa Kowysbuua 3 cm, ME donuja,
Tepmousonauwja 15 cm, MNE ponvja,
cuTHOpebpacTa TaBaHu1ua 30cm, TpLUYaHu
nnapoH 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 TepMuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTta

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

[lpBeH ca BOCOjHIM M30NALMOHIM
HIICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

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

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.50 1.50 1.00
[pseHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKOHOM
- - NCMYyHOM
Wooden NO CHANGES -
Metal, insulated leaf
3.50 3.50 3.50

Cuctemu rpejatrba v nprnpeme Tore 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

LleHTpanHu cnctem 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 rpejarba v npunpeme Torne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
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

/13onoBarbe pacagHUX 31A0Ba KOHTAKTHOM TepMoM3onaumoHom dacafom. M3onosarbe XOPW3OHTaNHE KOHCTPYKLUMje W3HaA HerpejaHor
noapyma. Vi3onoBarbe XOPW3OHTalHE KOHCTPYKLUMje Npema HerpejaHoM TaBaHy. Yrpafrba HOBUX APBEHMX MPO30pa ca ABOCIOJHUM
301aLMOHNM HUCKOEMMUCMOHUM CTaKmo-NakeTom.  ®  VIHCTanauwmja LeHTpanHor cuctema rpejarba 1 npunpemMe Torse CaHWTapHe BOAe
Ca HUCKOTeMMepaTypPHUM KOTIOM Ha 3eMHW rac. HuckotemnepaTypHu C1CTeM rpejarba Ca M30M10BaHKM LIEBHUM BOLOBVIMA V1 BPEMEHCKUM /
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 TepMOM30MaLMoHOM pacaom. V130noBare yHyTpallkbUX 31A0Ba NpeMa HerpejaHom npocTopy
(xoaHWK / cTeneHuwwTe). M3010Batbe XOPU3OHTaNnHe KOHCTPYKUMje 13HaA HerpejaHor nogpyma. M3onosarbe XOpU30oHTanHe KOHCTpyKLmje
npema HerpejaHom TaBaHy. Yrpagha HoBMx npo3opa of MNBL npodwvna ca TPOCNOJHUM M30MALMOHNM HUCKOEMUCUOHUM CTaK/0-NaKeToM.
Yrpafta HOBVX METaIHKX TEPMOM30/1I0BaHNX BpaTa. ® VIHCTanaumja LeHTpanHor cucTema rpejatba 1 npunpeme Torse caHutapHe Boge ca
KOHAEH3aLMOHMM KOT/IOM Ha 3eMHM rac. MIHCTanauwja AoNyHCKOr CUCTeMa CONapHYX KOMEKTOpa 3a NOAPLUKY Y Mpunpemit 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 700 700 700
enemMeHaTa TepMUYKor
omMOTaya 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%)
EHepreTckin paspes

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 edukacHoCcT 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 CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Heating energy [ A A Y A [ e O [ e O
eteimelid 0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel EnexkTpruHa eHepruja lac lac
Electricity Gas Gas
MpumapHa eHepruja 38744 23472
_p P P 14% 9%
Primary energy
[KWh]
232270 247542
86% 91%
Emncmja CO,
[ [ [
t] 0 50 100% 0 50 100% 0 50 100%

[oTpowma eHepruvje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
N TEDMOTEXHUYKINX
mMepa

68% 80%

Energy consumption
after refurbishment
measures
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L4
C4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm objekTn
Similar buildings

<50%

Residential building — lamela

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MospuwnHa (M?) HeTo rpejaHa  500-600 Area (m?) Net heated 500-600
3anpemuHa (m?) HeTo rpejaHa  oko 1500 Volume (m?) Net heated app. 1500

CrambeHa navena jeAHOCTaBHe OCHOBE Ca MAWTKMM
KOCUM KpOoBOM. [OAPYMCKM NPOCTOP Ce He KOPUCTK 3a
6opaBak, AOK je koA Hekmx objekaTa Heuckopuwheru
TaBaHCKM MPOCTOP BpeMEeHOM afanTupaH y cTambeHu.
31MA0BM Cy MACMBHM, 3UAaHV NMYHOM OMeKOM Y Aeb/bUHM
0f 25 1 38cm, mantepuncaHu 6e3 nkaksmnx dacagHmx ykpa-
ca. lNpo3opn cy CTaHAapAM30OBaHWX AVMEH3Wja, ApBe-
HV Ca pa3MakHyTUM Kpunvma (ycka KyTwja), v nnatHe-
HOM PONETHOM Ha YHYTpalHOj CTpaHu. MehycnpaTHe
KOHCTPYKUMje Cy cuTHopebpacTe apMmnpaHobeTOHCKe.

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 MacvBHUM acafHnM 3u0BU-
Ma o[ oneke 6e3 TepMomsonauuje. TepMorpam npuika-
3yje pas3nuunTe MHTEH3WTETe rybWTaka TOMIOTE KPO3
dacagHe 31a0Be Ha MECTMMa apMMpaHoO OETOHCKMX
cepknaxa v 3vaaHe ucnyHe. Takobe je youbnea pasnu-
Ka n3mehny HerpejaHor NpocTopa TaBaHa OfHOCHO CTaHa
y Npvi3emsby 1 OCTanor, rpejaHor fena 3rpage. ®acaa-
Ha CTonapvja Ce KapakTepulle K3pasuTum ryouumnma
Tonnorte.

EHepreTcku paspep objekta — noctojehe 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

<100

<150

<200

<250

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbalbn 3ug 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
CTEeNeHnLTy

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka CyceaHoj
namenn (gunatauwja)

Wall to the Adjacent
Entrance (Dilatation)

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, oneka 38cm, nnemeHnTH
Mantep 3cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosa Outside

ManTep 2cm, oneka 38cm, NiemeHnTI
ManTep 3cm, Tepmousonauuja 10cm,
mantep 1cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm, thermal insulation 10cm,
plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnoma Outside

ManTep 2cm, oneka 38cm, NiemMeHnUTI
ManTep 3cm, Tepmousonauuja 15cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, decorative
plaster 3cm, thermal insulation 15cm,
plaster Tcm

1.26 0.27 0.21
(9] [} [} (9] [} (9]
o ° ° o ° o
Z Z = > = Z
< 5 < 5 < 5
© (@} © O © @)
== © o © o ©
0 5 B 5 > 5
= e = e = 2
v} O 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,
Tepmomsonauuja 15cm, mantep 1cm

plaster 2cm, brick wall 25cm, plaster 3cm,
thermal insulation 15cm, plaster Tcm

Cnosba Outside

1.67 0.28 0.22

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

° ° ° ° °

£ g 2 g 2

g 3 & 5 B

a S = sz

= e = e =

(@) U

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 5¢cm, plaster 1cm

1.13 1.13 042

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

° ° ° ° °

£ g 2 g 2

g S B S B

F S 3 s 3

= e = e =

@] U

Mantep 2cm, oneka 25cm HEMA M3MEHA rMNckapToHcke niove 1.25cm, Tepmonsona-

- - Unja 5cm, mantep 2cm, oneka 25cm

plaster 2cm, brick wall 25cm NO CHANGES -
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25cm

1.63 1.63 047

Cnosba Outside
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpaTHa
KOHCTPYyKLIMja MCnoa
HerpejaHor npocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

NapKeT Ha NenKky 2.2cm, LeMeHTHa
Kolwysbuiia 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 KOLLYSbuLa
3cm,,ABpameHKo” TaBaHumLa 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

Cnosba Outside

YHyTpa Inside

necak 2cm, 6nato ¢ nneBom 5cm,
,ABpameHKo" TaBaHMLa 30cm, TpLWYaHW
nnapoH 5cm

rammed earth with chaff 5cm, ribbed semi
prefabricated concrete slab Avramenko
30cm, straw — plaster ceiling 5cm

1.06

Cnorba Outside

YHyTpa Inside

LieMeHTHa Kowysbuua 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

Cnospa Outside

napKeT Ha NenKky 2.2cm, LemMeHTHa
Kolwysbula 3cm,,ABpameHKo” TaBaHMLa
30cm, Tepmonsonaumja 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

YHyTpa Inside

LlemeHTHa Kowyrbuua 5cm, ME donuja,
Tepmonsonaumja 15cm,, ABpameHko”
TaBaHuUa 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBeH , IBOCTPYKM Ca pasmMakHyTiM
Kpuirma (ycka KyTuja) v 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

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

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM 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 TepMon30naUvoHOM
NCyHOM

Metal, insulated leaf

1.50

MeTanHa, Kpuno ca TepMon30naLVIOHOM
NCYHOM

Metal, insulated leaf

1.50

Cnctemu rpejarba 1 Nnpunpeme Tonne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

[armmHcKo rpejatbe Ha docmnHa roprsa

District heating system (fossil fuel)

[larbnHCKo Ha docuiHa ropmsa.
TepmocTatckn BeHTUnn. MoaepHm3auwja
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 ropuga.
TepmocTatckn BeHTunn. MogepHusaLmja
NOACTaHMLE - NyMNa NPOMEHbUBOT NMPOTOKa
1 perynauuja npema CrosbHoj TemnepaTypul.
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.



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Cuctem npunpeme
Tomne Boge
Hot water system
EnekTpuunm 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHn cuctem npunpeme
- MoBe3aH ca CMCTEMOM rpejarba. noBe3aH ca CUCTEMOM rpejatba v
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHUX KONeKTopa.
CMPemMHNKOM y NoACTaHNLN. V3mersmBay TonnoTe 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 yHanpeherwa Improvement measures description

YHanpeherse 1 /130n0Batbe pacagHMx 31MA0Ba KOHTAKTHOM TEPMOM30MALMOHOM dacafoM. V13010Barbe XOPU30OHTaNHUX KOHCTPYKLMja Npema HerpejaHom
TaBaHy v NOAPYyMy. Yrpafrba HOBUX APBEHVX NPO30pa Ca [BOCIOJHVM M30NALMOHNM HUCKOEMUCUOHUM CTako-NakeTom. Yrpaarba HOBUX
MeTanH/X TEPMOM30SI0BaHNX BpaTa. ® Yrpaftba TEPMOCTATCKMX BEHTUMA NO CTaHOBMMA. MogepHusaumja NnoACTaHuLe yrpaaHbom cuctema

Improvement 1 3a perynaunjy NpoToKa Npema CrosbHOj TemnepaTypu 1 Meperbem UCnopyyeHe eHepruje. Hannata npema noTpowwkbyt MepeHoj Yy MOACTaHMLIM.
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.

YHanpeherse 2 130n0Batbe dacagHmx 31MA0Ba KOHTAKTHOM TEPMOV30MaLMOHOM Gacafiom. V13010Bate YHyTpallbiX 3140Ba NpemMa HerpejaHom npoctopy
(xoAHWK/CTeneHnwTe). V30M08Barbe 3MA0Ba Ka CyceaHoj Nameni ca yHyTpallke cTpaHe. /3010Bake XOPU30HTaNHNX KOHCTPYKLMja npema
HerpejaHom TaBaHy W NOAPYMy. Yrpafka Hosux npo3opa oA MMBL npoduna ca TPOCNOJHUM M30MaLMOHUM HUCKOEMUCUOHWM CTaKno-

Improvement 2 nakeToMm. Yrpafrba HOBMX MeTasHVX TepMOU3ONOBaHUX BpaTa. @  Yrpafrma TepMOCTaTCKUX BEHTWNa Mo CTaHoBMMa. MoaepHumsaluja
NOACTaHNLE YrpaArOM C1MCTEMa 3a PerynaLmnjy NpoToKa npema CrosbHOj TeMrnepaTypu 1 MePerbeM UCNopyYeHe eHepruje. Yrpadka nymne
Ca NPOMEHSbUBIMM MPOTOKOM 1 OUMTaBarbeM NOTPOLLIHe eHepruje. Hannata npema NoTpoLwUHbW MepPeHo] y MOACTaHMUM. Yrpaarba LeHTpanHor
cvcTeMa Nprnpeme Tonne Bofe NoBes3aHor ca CUCTEMOM rpejarba, Ca J0NYHCKUM CHCTEMOM CONAPHIUX 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 700 700 700
enemMeHaTa TepMUYKor
OMOTaua 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]

EHepreTckin paspes

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 edukacHoCcT 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 CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Heating ener [ ves ] [ ase | [29189]
demangd e [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amunHcko, docunHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

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

npumMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

mMepa

Energy consumption 85
after refurbishment

measures

76%
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L5
5

CrambeHa 3rpaga y oKBupy

Cnnunm objekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

Residential building in a row

rpagckor 6noka

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MospuwnHa (M?) HeTo rpejaHa 650 Area (m?) Net heated 650

3anpemuHa (m?) HeTo rpejaHa 1800 Volume (m?3) Net heated 1800

CrambeHa 4eTBOPOCMPATHMLIA KOMMaKTHe OCHOBE,
KOCOr, AeNMMNYHO CakpuBeHor Kpoa. PacadHn 3uao-
B/ CYy MACVIBHW, 3VAaHWU MyHOM onekom Yy aebsbrHama
25 1 38cm, obpabeHn dacagHVm ManTepom, 6e3 nKkak-
BMX YKpaca. 1po3opu cy ApBEHW, CTaHAAPAM30BAHMIX
AVIMEH3Mja, Ca YCKOM (U WNMPOKOM) KYTWjOM 1 APBEHNM
"ecnnHrep” poneTHama Kao 3allTUTOM oA CyHua. [ogpym-
CKM NMPOCTOP Ce YrMaBHOM He KOpUCTK 3a Bopasak, 40K
ce Kof MHOrvx objekaTta jaBba CTaMbeHO MOTKPOBIbE.
Mprsemrbe je Hajuelwhe 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 s usually unoccupied while a great number of lofts
are used as residential spaces. The ground floor is mainly
used for residence.



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.
Thereis also 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 — noctojehe cTame

QH,nd rel [%]
313

Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

A residential building with massive fagade 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

<100

<150

<200

<250

> 250
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CknomnoBsu TepMuykor omoTada Elements of the thermal envelope

Cnosbalwbn 3 1

External Wall 1

U (W/m?K)

Cnosballksen 3ug 2

External Wall 2

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, orneka 38cm, mantep 3cm

plaster 2cm, brick wall 38cm, plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnoma Outside

ManTep 2cm, oneka 38cm, mantep 3cm,
Tepmonsonauuja 10 cm,
mantep 1 cm

plaster 2cm, brick wall 38cm, plaster 3cm,
thermal insulation 10cm, plaster 1cm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnora 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 0.27 0.19
[} () () [} ()
k) ke’ ke, i) ke,
2 3 & 3 &
i= 5 i= 5 <
3 © 3 © 3
= I I
2 5 5
= S = e =
() o

mantep 2cm, Ab 31g 25cm, ManTtep 3cm

Mantep 2cm, Ab 3ua 25cm, mantep 3cm,
Tepmousonauuja 10 cm, mantep 1cm

Cnosba Outside

MmAaTep 2cm, Ab 31a 25cm, mantep 3cm,
Tepmomsonauuja 15 cm, mantep 1 cm

plaster 2cm, reinforced concrete wall 25cm, -

plaster 3cm plaster 2cm, reinforced concrete wall 25cm,  plaster 2cm, reinforced concrete wall 25cm,
plaster 3cm, thermal insulation 10cm, plaster 3cm, thermal insulation 15cm, plaster
plaster Tcm Tcm
U (W/m?K) 3.10 0.31 0.21
31 Ka HerpejaHoM 3 3 S 3 3 3
2 2 2 Z 2 2z
cTeneHnwTy 1 = 3 = E £ 3
Q o Q © Q ©
— = IS =
: gz E = g
iti > B >
Partition Wall 5 5 5
to Unheated Staircase 1
ManTep 2cm, oneka 38cm, mantep 2cm,

Mantep 2cm, oneka 38cm, mantep 2cm HEMA N3MEHA

Tepmomsonaumja 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
U (W/m?K) 1.13 1.13 0.49
31 Ka HerpejaHom 3 3 ) 3 S 3
2 2 z Z z Z
CTENEeHULTY 2 = E = E £ 3
Q © Q © Q o
— = = =
2 s 2 I o
Partition Wall > 5 > 5 > 5
nh ir 2
to Unheated Staircase Mantep 2cm, orneka 25cm, mantep 2cm HEMA M3MEHA ManTep 2cm, orneka 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 Tcm
U (W/m?K) 1.45 1.45 0.54
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Cknonou TepMmmuykor omoTada Elements of the thermal envelope

31 Ka CyceiHOM
0bjeKkTy

Wall to the adjacent
Building

U (W/m?K)

MehycnpatHa
KOHCTpYyKLUMWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)
MebycnpatHa
KOHCTPYKLWja NCMOA
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

napKeT Ha flenky 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

6nato ¢ nnesom 5cm, , ABpamMeHKo” TaBaHMLa
30cm, TpLyaHmu nnadoH 5cm

rammed earth with chaff 5cm, ribbed semi
prefabricated concrete slab Aviamenko
30cm, straw — plaster ceiling 5cm

1.09

YHanpeherbe 1 Improvement 1

(5} [}

hel hel

£ g

2 :

£ 2

ES g
()

HEMA V3MEHA

NO CHANGES

1.63

YHyTpa Inside

Cnorba Outside

MapkeT Ha nenky 2.2cm, 6nuHanT 3cm

. ABpameHko" TaBaHmua 30cm,
Tepmownzonauymja 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 Kowwyrbiua 4 cm, TepMow3onaumja
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
Cnosa Outside

MMNC KapTOHCKe nnoye 1.25 cm, TepMoun30-
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, 6nanHanT

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 1cm

0.21

Cnospa Outside

YHyTpa Inside

LleMeHTHa Kowwysbiua 4 cm, TepmMovionaumja
15cm, ,ABpameHKo” TaBaHmMua 30cm,
TpWwYaHu NnapoH 5cm

cement screed 4cm, thermal insulation
15cm, ribbed semi prefabricated concrete
slab Avramenko 30cm, straw — plaster ceiling
5cm

0.19




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

Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBeHW , ABOCTPYKM Ca PasmakHyTUM
Kpuimma (ycka KyTuja) v jeaHOCTPYKMM
CTaK/I0OM, iPBEHA eCTIMHIrep poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. External wooden
roller blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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
- - NCAYyHOM
Wooden NO CHANGES -
Metal, insulated leaf
2.80 2.80 1.50

Cuctemu rpejarba 1 npunpeme Torne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

[larbnHCKO rpejarbe Ha GocuiHa ropusa

District heating system (fossil fuel)

[larbnHCKo Ha docuiHa ropmsa.
TepmocTatcku BeHTUnn. MoaepHm3auwja
NOACTaHWLEe - perynalmja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHy
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo Ha docunHa ropusa.
TepmocTatckn BeHTUnn. MogepHusauumja
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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Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Cuctem npunpeme
Tomne Boge
Hot water system
EnekTpuunm 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHn cuctem npunpeme
- MoBe3aH ca CMCTEMOM rpejarba. noBe3aH ca CUCTEMOM rpejatba v
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHUX KONeKTopa.
CMPemMHNKOM y NoACTaHNLN. V3mersmBay TonnoTe 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 yHanpeherwa Improvement measures description

YHanpeherse 1 /130n0Batbe pacagHMx 31MA0Ba KOHTAKTHOM TEPMOM30MALMOHOM dacafoM. V13010Barbe XOPU30OHTaNHUX KOHCTPYKLMja Npema HerpejaHom
NOAPYMY W TaBaHy. Yrpaarba HOBWX APBEHMX NPO30pPa Ca ABOCAOJHUM M30NaLMOHUM HUCKOEMUCUOHMM CTakno-NakeToMm. @  Yrpaara
TEPMOCTATCKMX BEeHTWNa Mo CTaHOBMMA. MogepHusaumja NoAcTaHuLe YrpagHbom CUCTeMa 3a perynauujy npoToka npema CrosbHoj

Improvement 1 Temnepatypu 1 Meperbem ucropyyeHe eHeprvje. Hannata npema NOTPOLHbM MepeHoj y MOACTaHMUM. Yrpaarba LeHTpanHor cuctema
npvinpeme 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.

Yranpeherse 2 M30n0Batbe dacafHmx 31[0Ba KOHTAKTHOM TepMOV30NaLIMOHOM dacafom. M3onoBarbe 31108a Npema CyCeiHMM OBjeKTUMa Ca YHYTPallHbe
CTpaHe. /130M10Batbe YHyTPaLlkbMX 310Ba NPeMa HerpejaHoM MPOCTOpy (XOAHVK/CTeNeHWTe). M3010Barbe XOPW30HTanHVX KOHCTPYKLMja
npema HerpejaHoM noapyMy 1 TasaHy. Yrpaarba HoBMX Npo3opa o MBL npoduina ca TPOCAOjHMM M30MaLMOHVM HUCKOEMUCMOHIM CTak0-

Improvement 2 nakeToM. Yrpaarba HOBMX MeTasHUX TepMOM30MIOBaHNX BpaTa. @  Yrpafrba TePMOCTAaTCKUX BEHTWMa MO CTaHoBMMa. MoaepHumsauuja
noACTaHLe Yrpa/iboM CUCTeMa 3a perynaLmjy NPoToKa Npema CrosbHOj TeMnepaTypu 1 Mepersem 1CnopyyeHe eHeprutje. Yrpagtba nymne
Ca NPOMEH/BYBYIM MPOTOKOM 1 OUMTaBaHbeM NOTPOLLHE eHeprije. Hannata npema noTpoLLbV MepeHoj y NOACTaHNLMA. Yrpaarba LeHTpanHor
cricTema npunpeme Torne Bojie MOBE3aHor Ca CUCTEeMOM rpejarba, Ca AOMYHCKM CUCTEMOM CONapHIX KONIEKTOPa 3a NOAPLLKY 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 *
MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnotHM rybuum 1200 1200 1200
efleMeHaTa TepMnYKor

OMOTa4a 3rpagde
1000 1000

~ 1000
Heat loss through the
thermal envelope 300 800 800
[W/K] I

600 I 600 600
400 I

400 400

200 200 200
II II II II II [ | II [ | ™
1 2 3 6 7 1 2 3 4 5 6 7 1 2 3 4 5

4 5 6 7

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 KOHCTPYKUMja 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%)
EHepreTckin paspes

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 edukacHoCcT 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 CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Heating ener I R e T [37187]
demangd e [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amunHcko, docunHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
182988 228733
62% 77%
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100% 0 50 100% 0 50 100%

lNoTpouwmsa eHepruje

3a rpejarbe HakoH

npumMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

mMepa

Energy consumption o2
after refurbishment

measures

77%
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L6
C6

CrambeHa 3rpafa Benvke
CNPaTHOCTU - CONUTEP

Cnnunm objekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

High-rise residential building

Kateropuja BMLUENOPOANYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MospuwnHa (M?) HeTo rpejaHa 2300 Area (m?) Net heated 2300

3anpemuHa (m?) HeTo rpejaHa 6000 Volume (m?3) Net heated 6000

CrambeHn conutep jelHOCTaBHe, KOMMAKTHE OCHO-
BE Ca PaBHVM KPOBOM U MOBYYEHOM KPOBHOM ETaXXOM.
MacafHv 3MO0BYM Cy MacKBHM, 04 "Dy pwcon”610KoBa 1u
nyHe orneke, 3aBPWHO obpaheHn dacagHM ManTepoM.
Mpo3opw Cy CTaHOapPAHUX AMMeH3Mja, APBEHU [BOCTPY-
KN Ca pa3makHyTUM Kpunrma (ycka KyTwja), MH1LmMjanHo
Hajuewhe onpembeHn Camo YHYTPaLWHOM MIaTHEHOM
poneTHOM. TaBaHuLe Cy apMUPaHOBETOHCKE, NOMYMOH-
TaXKHe UM IMBEHe Ha Nl MecTa. [opyMCK/ MPOCTop
ce He KOpUCTK 3a BopaBak, a NPU3EMbe je CTaMbeHo.

178

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.



CrambeHwn conutep ca MaCBHUM GacaHM 3UA0BK-
ma on Jlypucon bnokosa 6e3 Tepmonsonaumje. Tepmorpam
npuvKasyje NpumMeTHe rybuTke TomnoTe Kpo3 dacafaHu
3Wf HAPOUMTO Y 30HaMa XOPW3OHTANHWX 1 BEPTUKa-
HVX apMUPaHO OETOHCKIMX Cepknaxa. V3pakeHn ryouum
TOM/IoTe Ha MapaneTHVM 31A0BMMA Te je Moryhe youn-
M Nonoxaj rpejHux Tena (pagumjatopa). OpuriHanHa
dbacanHa cTonapwja je y nolem CTarby y3 3HaTHe ryoutke
TonnoTe.

EHepreTcku paspep objekta — noctojehe cTame

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
facade 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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbn 31A

External Wall

U (W/m?K)

31A Ka HerpejaHom
CTEMEHNLTY

Partition Wall
to Unheated Staircase

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

KpeuHu mantep 2cm, fypvcon 6nok 30cm,
nnemeHuT Mantep 3cm

plaster 2cm, light weight concrete block
Durisol 30cm, decorative plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

KpeuHu mantep 2cm, gypucon 6aok 30cm,
nnemeHnT mantep 3cm, Tepmonsonawmja
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
Cnosba Outside

KpeuHun mantep 2cm, aypvicon 6nok 30cm,
nnemeHnT Mantep 3cm, Tepmonsonawmja
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 8 S 8

- 2 s :

= e = e =

(@] (@]

KpeyHu mantep 2cm, fypvcon 6nok 25cm, HEMA M3MEHA KpeyHn mMantep 2cm, fypvcon 6110k 25cm,

KpeyHu mantep 2cm - KpeyHu mantep 2cm, Tepmovizonatuja 5 cm,

- NO CHANGES rMnckapToHKa niova 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

MehycnpatHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

PaBaH KpoB

Flat Roof

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napkeT Ha acdanTy 3cm, noanora of
6nvHanTa 4cm, ab nnoya 20cm

parquet 2.2cm, bitumen, wood/cement
screed 3cm, reinforced concrete slab 20cm

1.20

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

napket Ha achanty 3cm, nognora
op 6nuHanTa 4cm, ab nnoua 20cm,
Tepmowvzonaymja 10cm, mantep Tcm

parquet 2.2cm, bitumen, wood/cement
screed 3cm, reinforced concrete slab 20cm,
thermal insulation 10cm, plaster Tcm

0.28

Cnosba Outside

YHyTpa Inside

KameHe rnoye 4cm, necak 3cm, rvtachant
2.5cm, uem. Kowwyrbmda 1.5cm, xuapons. 1cm,
Hacvn of Wbako 6eToHa MUH 5cm,, Xyapnc”
TaBaHMLa 22cm, TpLwYaHu niadoH 3cm

stone tiles 4cm, sand 3cm, asphalt 2.5cm,

cement screed 1.5cm, hydro insulation Tcm,

mound of breeze concrete min 5cm, light
weight hollow-core concrete slab hudris
22cm, straw —plaster ceiling 3cm

1.04

Cnorba Outside

YHyTpa Inside

Liem. Kowysbuta 4cm, xuapoms. 1cm, Lem.
KOLLYSbMLA 33 Maf 5cm, Tepmons. 16 cm,
anymyHjymcka donuja, Xyaprc” TaBaH1La
22¢m, TpwyaHm nnadoH 3cm

cement screed 4cm, hydro insulation Tcm,
cement screed laid to falls min 5cm, thermal
insulation 16cm, aluminium foil, light weight
hollow-core concrete slab hudris 22cm,
straw —plaster ceiling 3cm

0.20

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napkeT Ha acdanTty 3cm, nognora
of 6nvHanTa 4cm, ab nnoya 20cm,
Tepmonsonaumja 15 cm, mantep 1cm

parquet 2.2cm, bitumen, wood/cement
screed 3cm, reinforced concrete slab 20cm,
thermal insulation 15cm, plaster Tcm

0.21

Cnosba Outside

YHyTpa Inside

Liem. Kowyrbiua 4cm, xuapoms. Tcm, Lem.
KOLLYsbMLA 33 Mag 5¢cm, Tepmous. 20cm,
anyMUHUyMCKa Gonwja,, XyAprc” TaBaH1La
22cm, TpLiYaHy nnadoH 3cm

cement screed 4cm, hydro insulation 1cm,
cement screed laid to falls min 5¢cm, thermal
insulation 20cm, aluminium foil, light weight
hollow-core concrete slab hudris 22cm,
straw —plaster ceiling 3cm

0.16
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBEHW, IBOCTPYKM Ca PasmakHy TUM
Kpuimma (ycka KyTuja) v jeaHOCTPYKMM
CTaK/IOM. YHyTpallkba nnaTHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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
- - NCAYyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.50 3.50 1.50

Cuctemu rpejarba 1 npunpeme Torne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

[larbnHCKO rpejarbe Ha GocuiHa ropusa

District heating system (fossil fuel)

[larbnHCKo Ha docuiHa ropmsa.
TepmocTatcku BeHTUnn. MoaepHm3auwja
NOACTaHWLEe - perynalmja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHy
District heating system /fossil fuel/
Thermostatic valves. Substation
improvement - flow system control in
accordance to the outside temperature.
Consumption based billing.

[larbnHCKo Ha docunHa ropusa.
TepmocTatckn BeHTUnn. MogepHusauumja
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.



Ll — nepuopg 1946 — 1960. C - period 1946 — 1960

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Cuctem npunpeme
Tomne Boge
Hot water system
EnekTpuunm 6ojnep LleHTpanHu cuctem npunpeme LlenTpanHn cuctem npunpeme
- MoBe3aH ca CMCTEMOM rpejarba. noBe3aH ca CUCTEMOM rpejatba v
Electric boiler /3merbrBay TonnoTe ca CUCTEMOM CONAPHUX KONeKTopa.
CMPemMHNKOM y NoACTaHNLN. V3mersmBay TonnoTe 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 yHanpeherwa Improvement measures description

YHanpehetbse 1 V13onoBarbe pacagHyx 3140Ba KOHTAKTHOM TEPMOV301aLMOHOM $acafom. PEKOHCTPYKLUMjA Cl0jeBa PaBHOT KPOBA Ca MOCTaB/barbeM Cfloja
[OfaTHe TePMUYKE 3alTuTe. VI30710Barbe XOPW30HTANIHE KOHCTPYKUME W3HAA HErpejaHor nogpyma. Yrpaarba HOBWX APBEHUX MPO30pa
Ca [BOCOjHMM M30M1aUMOHUM HUCKOEMUCHOHMM CTaKmO-NakeToM. @  Yrpafrba TepMOCTaTCKUX BEHTW/A MO CTaHOBMMA. MopgepHysauwja

Improvement 1 NOACTAHULE YrpafifbOM CCTEMA 3a PerynaLujy NpoToKa Npema CrosbHOj TEMMEPATYPH 1 MEPEHEeM 1CMIopyUeHe eHeprije. Hannata npema
NOTPOLWHY MEPEHO] Y MOACTaHULM. Yrpaatba UeHTPanHOr C1cTemMa NpUnpeme Torsie BOAE NOBE3aHor ca CUCTEMOM rpejarba.

Thermal insulation of facade walls with a contact fagcade 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.

Yranpeherse 2 M30n0Batbe dacafHnx 31110Ba KOHTaKTHOM TEPMOW30NALIMOHOM bacaioM. M30M0Batbe yHyTPallFbMX 31A0Ba Npema HerpejaHoM NpocTopy
(xoAHVIK/CTeneruwTe). PEKOHCTPYKLMja CllojeBa PaBHOT KPOBa Ca MOCTaB/bakbeM Cloja JOAaTHE TePMUUKE 3aLLTHTe. MI30710Barbe XOPU3OHTamHe
KOHCTPYKLMje W3Haj HerpejaHor noapyma. Yrpafrba HOBWX Mpo3opa of MBLI npoduna ca TPOCHOjHVM M30MaLMOHAM HICKOEMUCHOHINM

Improvement 2 CTaKN0-NaKeToM. Yrpagrba HOBUX MeTanHIX TePMOM30I0BaHIX BpaTa. @ Yrpajrba TepMOCTaTCKUX BEHTUMa No CTaHoBMMa. MogepHm3aumja
noACTaHMLe Yrpa/boM CUCTeMa 3a perynaumjy NPoToKa Npema CrosbHOj TeMnepaTypu 1 Mepersem 1CnopyyeHe eHepritje. Yrpagba nymne
Ca NPOMEH/BYBYIM MPOTOKOM 1 OUTaBaHbeM NOTPOLLHE eHeprije. Hannata npema noTpoLLbV MepeHo;j y NOACTaHNLM. Yrpaarba LeHTpanHor
crcTeMa Npunpeme Torne Bojie MOBE3aHor Ca CUCTeMOM rpejarba, U Ca A0MYHCKIM CUCTeMOM CONMapHIX KONEeKTopa 3a MoapLLKY 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 omotaua — eHepretcku 6unatc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHu rybvum 1900 1900 1900
enemeHara TepM1yUKor -
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. BOOIIIl 300 I
EEEER "EEEEY - EEENE
1.2 3 4 5 6 1.2 3 4 5 6 12 3 4 5 6

1 — Cnosalutby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3uf Ka HerpejaHom cTenerniuTy, 5 — MehycnpaTHa KOHCTpyKUmja
W3Haf 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 roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kKWh/m?/ roauiitse]
[kWh/m?/ year]

EHepreTckin 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)
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YHanpeherbe TepMMUKor oMoTaya ca CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Heating ener [ ama ] [1seaas ] [106643
demangd e [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amunHcko, docunHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
463873 558880
62% 74%
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100% 0 50 100% 0 50 100%

lNoTpouwmsa eHepruje

3a rpejarbe HakoH

npumMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

mMepa

Energy consumption o2
after refurbishment

measures

74%







D period 1961 - 1970
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01
D1

MNopoanyHa cnobopgHoctojeha Kyha

Cnnunm objekTn
Similar buildings

<50%

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E Category family housing
[oanHa n3rpagre 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

MoepuwuHa (M?) HeTo rpejaHa 150 Area (m?) Net heated 150
3anpemuiHa (m?) HeTo rpejaHa 550 Volume (m?) 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 3MA0BW CY MAaCWBHMW, 31AaHV MYHOM OMeKoM 1 MasTe-
pucanu. Mpo3opw Cy ApBEeHW, ABOCTPYKM, CTaHAaPAN30-
BaHWX AVMeH3Wja. VI3Hap roprbe eTaxe je “KapaTtaBaH’, a
1N3Haj 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 Avramenko system.



MNopofnyHa kyha ca macviBHUM dacafHVUM 31A0BU-
Ma ofi oneke 6e3 Tepmomsonaumje. Kyha ce He rpeje y
LeNoCTN U Ha TepPMOrpamy Ce jaCHO MOXe BMAETU rpeja-
HW €0 Y BUAY Npu3emMHe eTaxe. HajuspaxeHuju ryouum
TOMJIOTE Ce jaBsbajy Y 30HWU XOPU3OHTANHMX apMUPaHO
BETOHCKMX CepKaXka U HaTMPO30PHWUX rpefa. KoHCTPYK-
Umnja Npo3sopa je Heofrosapajyha ca n3pasutim TonnoT-
HUM ryOULIMMA, HAPOUMTO Y 30HM KyTWja 3a pofieTHe.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
360

1 - nepwop 1961 — 1970. D - period 1961 - 1970

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

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosawmbn 3ug 1
(cyTepeH)

External Wall 1
(basement)

U (W/m?K)

Cnorbalkbh 31g 2
(Npvzemrbe)

External Wall 2
(ground floor)

U (W/m?K)

Cnosbaltbh 31 3
(cnpaT)

External Wall 3
(first floor)

U (W/m?K)

MNMocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehere 2 Improvement 2

[} [} (5} (] [}
° ° ° ° °
4 7 & 3 5
< 5 < 5 <
g 5 & : &
= = =
e 5 3z 5 e
= e = 2 =

@) @]
mantep 3cm, 3ua of kameHa 50cm rMNCc-KapToHCKa nnova 1.25cm, TMNC-KAapPTOHCKa mova 1.25cm,
- Tepmomsonauuja 8cm, Mmantep 3cm, Tepmounsonauuja 8cm, Mmantep 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] (] [} [
k) e e e} e
4 3 & 3 &
£ 5 < 5 £
g ° g ° g
= = =
2 5 T 5 a
= S = e =

@] o]

Mantep 2cm, 31 of oneke 38cm,
Mantep 2cm

plaster 2cm, brick wall 38cm, plaster 2cm

ManTep 2cm, 3uA of oneke 38cm,
ManTtep 2cm, Tepmonsonauuja 10cm,

mantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 10cm, plaster 1cm

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
[ () () [} [
° o b ° he)
2 3 2 3 2
j= 5 j= g j=
3 © 3 © 3
= I =
0 5 = 5 ?
= <) = <) >
() ()

ManTep 2cm, 31 oa 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

ManTep 2cm, 3ua o4 oneke 25cm,
manTep 2cm, Tepmousonaumja 20cm,

mantep 1cm

Cnorsba Outside Cnosba Outside

Cnosba Outside

plaster 2cm, brick wall 25cm, plaster 2cm,

thermal insulation 20cm, plaster Tcm

0.15




1 - nepvop 1961 — 1970. D — period 1961 - 1970

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

3uay Ty

Basement Wall

U (W/m?K)

lNopa Ha Ty

Ground Floor

U (W/m?K)
MehycnpatHa

KOHCTPYKLIWja NCMOA
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MocTojehe 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

cnoj HabwjeHe 3emmbe 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

() (9]

pel pel

2 g

2 :

£ 2

= g
)

HEMA M3MEHA

NO CHANGES

1.67

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.61

Cnorsba Outside

YHyTpa Inside

[acke 2cm, apBeHe TaBakbade 14/20cm Ha
80cm / Tepmowzonatmja 20cm, TpLWYaHN
nnapoH 5cm

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

0.21

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnorpa 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

Cnospa Outside

YHyTpa Inside

Tepmonsonauuja 10cm, gacke 2cm,
npBeHe TaBarbave 14/20cm

Ha 80cm / Tepmom3onauuja 20cm,
TpWYaHu 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

MNMocTojehe cTarbe Present state

Mpo3op
Window
[pBeHw, IBOCTPYKM Ca PasmMakHyTVM
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

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

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

YnasHa Bpata

Wooden, leaf with glass

Entrance door

U (W/m?K) 4.00

)leBeHa Ca CTakneHom ncrnyHom

[lpBeHa, Kpro ca TepMoV3onaLoHOM
NcnyHoM

Wooden, insulated leaf

1.50

[lpBeHa, KpWo ca TepMOM30MaLIMOHOM
MCMYHOM

Wooden, insulated leaf

1.50

Cuctemu rpejatba 1 npunpeme Torse Boge Heating and hot water system

CwucTem 3arpeBatba
npocTopuja

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 rpejarsa,
KOHIEH3aLUMOHWM 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

Cuctem npunpeme
TOonne Boae

Hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
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

V13onoBate dacagHMx 31aoBa MNpusemsba M Crpata KOHTAKTHOM TEPMOWM30MaLMOHOM Gacafom. V30noBarbe CyTepeHCKMX 31goBa ca
YHyTpalUtbe CTpaHe. 3010Batbe XOPU3OHTaNIHE KOHCTPYKLIMjE Npema HerpejaHoM TaBaHy. Yrpa/rba HOBYX APBEHIX NPO30Pa Ca ABOC/IOjHIM
11301aLMOHNM HUCKOEMMCUOHIMM CTaK0-NaKeToM. Yrpaba HOBUX TEPMOV30M0BaHUX BpaTa. ® VIHCTanauwja LeHTpanHor cuctema rpejarba
1 Npunpeme Tornse CaHnTapHe BOfE Ca HUCKOTEMMNEPATYPHUM KOT/IOM Ha 3eMHI rac. HuckoTemnepaTypHY CUCTEM rpejakba ca U30/10BaHNM
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 dacagHyx 31aoBa Mpr3emsba M CripaTta KOHTAKTHOM TePMOM30MaUMOHOM dacafom. VI3onoBare CyTepeHCKMX 31aoBa ca
YHyTpalUtbe CTpaHe. /13010Batbe XOPK30HTaNHE KOHCTPYKLMjE NpemMa HerpejaHom TaBaHy. Yrpaara HoBux nposopa o MBL npoduna ca
TPOC/OJHM M30MLMOHNM HUCKOEMMCUOHMM CTaKIO-NakeToM. Yrpadka HOBKX TEPMOM30MOBaHMX BpaTa. @  VIHCTanauwja LeHTpanHor
cvcTemMa rpejarba 1 Npynpeme Torle CaH1TapHe BOAE Ca KOHAEH3aLMOHMM KOT/IOM Ha 3eMHM rac. VIHCTanaumja AonyHCKOr CMCTema ConapHmX
KOmneKTopa 3a NoApLIKy y NPUNPemu Torne 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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YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNocTtojehe cTame Present state YHanpebhere 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 400 400 400
enemeHara TepM1YKor
omMOTaYa 3rpaze 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 31, 2 — Mpo3sopw, 3 - Bpata, 4 —3uay Ty, 5 - MehycnpaTHa KOHCTPYKLMja Ka HerpejaHom TasaHy, 6 — [of Ha Ty

CneymndunuHa rogmiltba
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%)
EHepreTckun 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 lMpaBunHUKy 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 - nepwop 1961 — 1970. D - period 1961 - 1970

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejatba — eHepreTckn 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

npvmeHe rpaheBrUHCKIX

1 TEPMOTEXHUYKMX
mepa

Energy consumption
after refurbishment
measures

NocTojehe cTare Present state

Yranpebherbe 1 Improvement 1

0 50 100% 0 50 100%
EnexkTpruHa 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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a2
D2

MopopaunyHa Kyha y Hu3y

Cnnunm objekTn
Similar buildings

)

I:ll:l < o

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 1

MoBpLnHa (M?) HeTo rpejaHa  60-80 Area (m?) Net heated 60-80
3anpemuiHa (m?) HeTo rpejaHa 150-250 Volume (m?3) Net heated 150-250

Kyha y HW3y ca ABOBOAHWM KPOBOM M TaBaHCKUM
NPOCTOPOM KOjW Ce He KopwcTv 3a 6opasak. Pacap-
HV 3V40BK Cy Of TUTEP WK NMyHe Oneke, MantTepucaHiu,
Ca penaT1BHO Masno OTBOPA CTaHAAPAN30BAHUX AVIMEH-
3uja. [Npo3opwn Cy ApBEHN, ABOCTPYKN Ca Pa3MakHyTUM
Kpunmma (ycka KyTuja). Vicnoga aena kyhe vecto ce Hana-
31 MOAPYM Ca TEXHWYKMM 1 MOMONHKM NPOCTOpHjama.

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.



MNopofgnyHa kyha y HW3y ca MacuBHMM dacagHum
310BMMa O oreKe U rutep br1oKa 6e3 Tepmowzonaumje.
Kyha ce rpeje y LLenocT 1 Ha TepMOrpamy Ce jacHO MOXe
BUAETV TPEjaHn [e0 Y BUAY NPU3EMHE eTaxe 1 Herpeja-
HV TaBaHCKM MpocTop. HajuspaxkeHnju rybuum tonno-
Te Ce jaB/bajy Y 30HM apMUPaHO BETOHCKIMX CepKaKa 1
HaTNPO30PHWX rpesa. KOHCTPYKLUMja NPO30pa je HeoAro-
Bapajyha ca 13pasuTimM TONOTHUM ryouLMMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
479

1 - nepvop 1961 — 1970. D — period 1961 - 1970

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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbn 31A

External Wall

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

Wall to the Adjacent
Building

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, rutep oneka 25cm, Mantep
2cm

plaster 2cm, brick wall 25cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, rutep oneka 25cm,
mManTep 2cm, Tepmounsonauuja 10 cm,
mantep 1.cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, rutep oneka 25cm, mantep
2cm, Tepmousonauumja 20cm, mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

1.49 0.28 0.16
[ (9] (] [} [ (9]
© ) ) o ) )
£ 2 2 g 2 g
g 3 & 3 & E
> & > 2 > &
= e = e = 2
(@] (@] (@]
Mantep 2cm, rutep oneka 25cm, HEMA M3MEHA FMNC KapTOHCKe nnoye 1.25cm,
Mantep 2cm - TepmMounsonauuja 5 cm, mantep 2cm,
- NO CHANGES riTep 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




1 - nepvop 1961 — 1970. D — period 1961 - 1970

Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?2K)
MehycnpatHa
KOHCTPYKLIMja 1cnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MebycnpatHa

KOHCTPYKLWja 13Hag
HerpejaHor nogpyma

Floor Construction
to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napKeT Ha OVTymeHy 2cm, LeMeHTHa
Kouwysbuua 2.5cm, xugpousonauuja 1ecm,
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

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.77

Cnorba Outside

YHyTpa Inside

LieMeHTHa KoLLysbiLia 4cm, Tepmomsonalmja
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

Cnorba Outside

napKeT Ha BUTymMeHy 2cm, LeMeHTHa
KoLyrbuua 2.5cm, TM3 1aBaHmua 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

Cnospa Outside

YHyTpa Inside
LieMeHTHa KoLLybuLa 4cm, Tepmov3onalmja
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

Cnospa Outside

NapKeT Ha bKTymeHy 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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Cknornosu 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

[pBeHw, IBOCTPYKM Ca PasmMakHyTVM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaK/OM, APBEHM Kanuu

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

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

3.30 1.50 1.00

[lpBeHa ca CTakIeHOM UCTYHOM HEMA M3MEHA HEMA M3MEHA
Wooden, leaf with glass NO CHANGES NO CHANGES
3.00 3.00 3.00

Cuctemu rpejatba 1 npunpeme Torse Boge Heating and hot water system

CwucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuuiherba
cvcTema rpejarba

Heating system
efficiency factor

200

MNojeanHauxe nehu Ha apsa

Single wood stove

LleHTpanHm cuctem rpejarba Ha pBa,
MUPOUTYKI KOTAO Ca akymynaTopoM Bode
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)



1 - nepvop 1961 — 1970. D — period 1961 - 1970

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOnne Boae

Hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EnekTpununn 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHn cnctem npunpeme

- TOM/e CaHWUTapHe BOAE NOBE3aH Ca TOM/e CaHUTapHe Bofe NoBe3aH

Electric boiler CUCTEMOM rpejatba 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 yHanpeherwa Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherse 2

Improvement 2

V130noBatbe dacagHnx 3MA0Ba KOHTAKTHOM TEPMOV30NaLMOHOM Gacafiom. V130n10Batbe XOpU30OHTaNHe KOHCTPYKUMje Npema HerpejaHom
TaBaHy. VI3onoBarbe XOPU3OHTANIHE KOHCTPYKUMje WM3HaL HerpejaHor noapyma. Yrpafrba HOBWX [pPBEHVX MPO30pa Ca [ABOC/IOJHVM
Y30MaLMOHNM HUCKOEMUCVOHUM CTaKNo-NakeToMm. @ VIHCTanauwja LeHTpanHor crcTema rpejarba U npunpeme Tomnne CaHuTapHe BOAe
Ca NUPOANTUYKMM KOTSIOM BMCOKOT CTemneHa nckopuiherba. HuckotemnepatypHu cUcTem rpejarba ca M30M10BaHUM LEeBHUM BOAOBMMA U
BpeMeHCKMM / TeMnepaTypHIM perynatoprma.

Thermal insulation of facade walls with a contact facade 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/ALMOHOM Gacafiom. /130n10BaH-e 31MA0Ba Ka CyCefHVM 06jeKTMa Ca yHy Tpallke CTpaHe.
/130n10Batbe XOPU3OHTaNHe KOHCTPYKUMje Npema HerpejaHoM TaBaHy. /13010Barbe XOPMU30HTaNHe KOHCTPYKLMje U3HaM HerpejaHor NoapymMa.
Yrpadtba HoBvix Npo3opa of MNBL npoduna ca TPOCNOjHUM 130MaLMOHUM HUCKOEMMUCUOHIM CTako-NakeTom. ® VHCTanaumja LeHTpanHor
cvcTemMa rpejarba v nprnpeme Tore CaH1TapHe BOAE Ca KOHAEH3aLMOHMM KOTIIOM Ha 3eMHM rac. VIHCTanaumja AonyHCKOr CUCTeMa CONapHMX
KoneKTopa 3a NoApLKYy y Nprnpemm Torse CaHuTapHe 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.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHK ryouum 160 160 160
enemMeHara TepM1YKOr
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 roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

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

EHepreTckin paspes

Energy class

®uHanHa eHepruja

Final energy

[KWh]

* 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)

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 —T1po3opw, 3 —Bpata, 4 — 3uA Ka cyceaHom 0bjekTy, 5 — MehycnpaTHa KOHCTPYKLWMja Ka HerpejaHom TaBaHy,

6 — MehycnpaTtHa 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%



[l - nepuog 1961 — 1970. D - period 1961 - 1970

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — eHepreTcky buaHc
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

[ka]

[loTpowrba eHepruje

3a rpejatbe 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%

203
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A3
D3

CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm objekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

Free-standing residential building

Kateropuja BMLUENOPOANYHO 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 20 Number of apartments 20

MospuwnHa (M?) HeTo rpejaHa 1150 Area (m?) Net heated 1150

3anpemuiHa (m?) HeTo rpejaHa 3000 Volume (m?) Net heated 3000

CrambeHa 3rpafla KOMMaKTHE OCHOBe, Ca MUTKUM
KOCKM KPOBOM. 3MAOBW Cy MAcWMBHW, apMMpPaHObeTOH-
CKV 1 of "ayprncon” 610KoBa, MantepucanHu, 6es nkak-
BUX GacafH¥x ykpaca. [po3opn cy cTaHAapAHVIX ANMEH-
3vija, BOCTPYKM APBEHM Ca PasMakHyTUM Kpuavma (ycka
KyTWja), MHMUMjanHO Hajuelhe onpem/ibeHn camo YHy Tpa-
WHOM M1IaTHEHOM poneTHoM. MehycnpaTHe KOHCTPYK-
upje cy cuTHopebpacTe apmupaHobeToHcKe. MoapymcKn
1 TaBaHCKM MNPOCTOpW Hajdelwhe ce He kopucTe 3a bopa-
Bak. [Mpun3emsbe objeKTa je HamereHO CTaHOBakbY.

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.



CrambeHa 3rpafla Ca MacMBHUM dacaaHUM 3UL0BW-
ma of Jlypucosn n 6eToHCKINX 6rokoBa be3 Tepmonsona-
umje. Tepmorpam npukasyje NnpumeTHe ryoutke Tonnote
HAapPOUMTO Y 30HAMa XOPM3OHTANHMX apMMPAHO GETOH-
CKUX CepKiaka W Ha CrojeBumMa nojeavHauHmx 610Ko-
Ba anu 1 AO6UTKE Off COMapHOr 3paderba (nesa daca-
na nocnefrber cnpata).PacagHa cTonapwja je y noem
CTakby WITO Pe3ynTupa U3pasnTM TOMNOTHUM rybuLMMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
246

1 - nepwop 1961 — 1970. D - period 1961 - 1970

A residential building with massive facade 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

<100

<150

<200

<250

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbaltbn 3ug 2

External Wall 2

U (W/m?K)

31 Ka HerpejaHom
cTeneHuwTy 1

Partition Wall
to Unheated Staircase 1

U (W/m?K)

314 Ka HerpejaHom
CTeNeHnLTY 2

Partition Wall
to Unheated Staircase 2

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Insid
Cnosba Outside

Mantep 2cm, 6eToH 20cm, mantep 2cm
plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm

w
w

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

mantep 2cm, 6eToH 20cm, ManTep 2cm,
Tepmomsonauuja 10cm, mantep 1cm

plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 10cm, plaster
cm

©
w

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnoma Outside

mMantep 2cm, 6eToH 20cm, Mantep 2cm,
Tepmomsonauuja 20cm, mantep 1cm
plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 20cm,
plaster Tcm

0.18

YHyTpa Inside
Cnosba Outside

manTep 2cm, Jypucosn 6nok 20cm, Mantep 2cm
plaster 2cm, light weight concrete block
Durisol 20cm, plaster 2cm

YHyTpa Inside
Cnorpa Outside

mantep 2cm, [Jypucon 6nok 20cm, mantep
2cm, Tepmomsonauuja 10cm, mantep 1cm
plaster 2cm, light weight concrete block
Durisol 20cm, plaster 2cm, thermal insulation
10cm, plaster 1cm

YHyTpa Inside
Cnosba Outside

Mantep 2cm, [ypucosn 6nok 20cm, mantep
2cm, Tepmomsonaupja 20cm, mantep 1cm
plaster 2cm, light weight concrete block Durisol
20cm, plaster 2cm, thermal insulation 20cm,
plaster Tcm

0.69 0.23 0.15

3} (7] (3] 3} (7] 3}

he! el hel he, hel ©

£ 2 2 2 £ 2

3 © 3 © 3 o

I = E b

> < > 2 = 2

> 2 > 2 > e

) v )

mantep 2cm, 6etoH 20cm, mantep 2cm HEMA NU3MEHA ManTep 2cm, 6etoH 20cm, ManTep 2cm, TepMo-

plaster 2cm, reinforced concrete wall 20cm,  NO CHANGES n3onaumja 5cm, rvncKapToHcke ninoye 1.25cm

plaster 2cm plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 5cm, gypsum
board 1.25cm

255 2.55 0.52

) [J] [J] ) [J] W

o he) o o e} o

£ 2 £ g £ 2

8 o 8 S 8 o

= & N 2 > e

> 2 > 2 > 2

() ) (]

mantep 2cm, Jypucosn 6nok 20cm, mantep 2cm - HEMA M3MEHA mantep 2cm, [ypucon 6nok 20cm, mantep

plaster 2cm, light weight concrete block NO CHANGES 2cm, TepMom3zonaumja 5 cm, rmnckapToHCKe

Durisol 20cm, plaster 2cm nnoye 1.25cm
plaster 2cm, light weight concrete block
Durisol 20cm, plaster 2cm, thermal insulation
5cm, gypsum board 1.25cm

0.65 0.65 033




1 - nepvop 1961 — 1970. D — period 1961 - 1970

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKLUMja 13HaA
HerpejaHor npoctopa 1
Floor Construction

to Unheated Area 1

U (W/m?K)

MehycnpatHa
KOHCTPYKLMja 13HaA
HerpejaHor NpocTopa
(nopym) 2

Floor Construction

to Unheated Area
(Basement) 2

U (W/m?K)

MehycnpatHa
KOHCTPYKLMja 1Cnog
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, TplyaHy 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 TaBarnua CTAHIAFL,
Tepmownsonaymja 10cm, mantep Tcm

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 nnoyva
25cm, Tepmowzonaumja 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, TpLYaHM nnadoH 5cm

rammed earth 5cm, ribbed concrete slab
Standard 28cm, straw-plaster ceiling 5cm

1.27

Cnosba Outside

YHyTpa Inside

LieMeHTHa Kowwysbuua 4cm, MNE dponuja,
Tepmom3onayuja 10cm, TME dponvja,
cutHopebpacta CTAHAR 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

Cnospa Outside

napkeT 2.2cm, APBO 6ETOH 3cm,
cnTHopebpacTa TaBaHuua CTAHAAR,
Tepmowusonaymja 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

Cnospa Outside

YHyTpa Inside

LiemeHTHa Kolwysbuua 4cm, MNE donuja,
Tepmomsonauwja 20cm, ME donuja,
cutHopebpacTa CTAHJAR] TaBaHu1La,
TpwuaHu 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

[Npo3opwu

Window

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHw, IBOCTPYKM Ca PasmMakHyTVM
Kpuirma (ycka KyTuja) v jeaHOCTPYKMM
CTaKMOM. YHyTpalltba NiaTHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind.

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

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

Cnctemu rpejarba 1 Nnpunpeme Tonne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuuherba
cvcTema rpejarba

Heating system
efficiency factor

208

lNojeanHaure nehn Ha cTpyjy

Single electric stove

LleHTpanHwm cvctem rpejarba,
HUCKOTEMMEePaTYPHM 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,
KOHIEH3aLUMOHM KOTA0 Ha 3eMHM rac
(BapujaHTa - KOTaO Ha ApBo/neneT)
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

Cuctem npunpeme
TOonne Boae

Hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
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

YHanpehetse 2

Improvement 2

/130n0Batbe dacafHUX 310Ba KOHTaKTHOM TEPMOV30NaLMOHOM Gacafom. V13010Barbe XOPU3OHTANHMX KOHCTPYKLUMja Npema HerpejaHom
XOfHUKY, MOAPYMY W TaBaHy. Yrpaarba HOBVX [PBEHVX MPO30pa Ca [BOCIOJHWM W30MaLUMOHMM HUCKOEMUCUOHMM CTakKNO-NakeToM.
®  IHcTanaumja LUeHTpanHor cucTema rpejakba U npunpeme Tomnie CaHuTapHe BOAe Ca HWUCKOTEMMNEPATYPHMM KOTIOM Ha 3eMHM rac.
HuckoTeMnepaTypHU CUCTEeM rpejatba Ca M30510BaHUM LIEBHUM BOAOBMMA V1 BPEMEHCKMM/TEMNEPaTYPHIIM 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 TEPMOM30/1aLMOHOM dacafiom. V130/108Barbe yHyTpallkbyiX 3MA0Ba MPemMa HerpejaHoM npocTopy
(XOAHWK/CTENeHMWTE). M130110Barbe XOPU3OHTANHIX KOHCTPYKLM]a Npema HerpejaHoM XOAHVIKY, MOAPYMY ¥ TaBaHy. Yrpadka HOBKX Npo30pa
oa MNBLL npodura ca TpOCIOjHVM N30MALUMOHNM HUCKOEMUCUOHWM CTaKIO-MakeToM. Yrpadba HOBKX METalHUX TePMOV30/10BaHMX BpaTa.
® VlHCTanauuja LeHTpanHor cMcTeMa rpejarsa 1 npunpeme Tonse CaH1TapHe BOAE Ca KOHAEH3aLMOHIM KOT/IOM Ha 3eMHM rac. VIHCTanauwja
LONYHCKOT CUCTeMa CONApPHIX KOMEKTOPa 3a MOAPLLKY Y MPUNpPemy TOMme CaHUTapHe BOAE.

Thermal insulation of facade 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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YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TornotHu ryuum 1600 1600 1600
enemMeHata TepMUYKor
oMOTaya 3rpage 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 1l s
1 2 3 4 5 6 1 2 3 4 5 6 12 3 4 5 6

1 - Cnosaldtby 31, 2 — Mpo3opu v 6ankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3u/ Ka HerpejaHom cTeneHnwTy, 5 — MebhycnpaTtHa KOHCTPyKUKja
Ka HerpejaHom TaBaHy, 6 — MehycnpaTtHa KOHCTPYKLMja U3HaA HerpejaHor Noapyma

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

CneymndunuHa rogmiltba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy 117 (68%)
demand per year b
[KWh/m?/ roguiitse]

e

135 (78%)

[kWh/m?/ year]

EHepreTckun paspeq

Energy class

®uHanHa eHepruja

Final ener
2 e e A A I B

100%

o
o —
w
o

[KWh] 50 100% 0 50 100%

* npema lMpaBunHUKy 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 - nepwop 1961 — 1970. D - period 1961 - 1970

YHanpeherbe TepMMUKOr oMoTaya ca CCTEMOM rpejarba — eHepPreTckm 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
Heatingenergy e ] [8%e] [aoe3o
e [ 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
a 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%

NoTpouwmsa eHepruje

3a rpejakbe HakoH
npuMeHe rpaheBrHCKINX
N TEPMOTEXHUYKMX
Mepa

Energy consumption 750 20

after refurbishment
measures
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n4
D4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm objekTn

Similar buildings
Crrri
rrrj
] I
2+ A

Residential building — lamela

Kateropuja BMLLENOPOAMYHO 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

MospunHa (M?) HeTo rpejaHa 950 Area (m?) Net heated 950

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

CrambeHa namena wusayxeHe ¢Gopme, Ca PaBHUM
HeNpoXoaHUM KpoBoM. PacafHu 3MA0BM Cy Off WYX
6nokoBa, "mypucona”’ WM MOHT@XHKX —enemMeHara.
Hajuewha dacanHa obpana je nnemeHUTV mantep, pehe
MO3aViK nounLe, Kynnje, dacasHa oneka 1 ap. MNpo3sopn
Ce jaBrbajy Yy BMAY NPO30PCKYMX Tpaka unun Behiix nojean-
HauHWX oTBOPa. Y dacaaHOj paBHM 3acTopu Cy "eCsnH-
rep” poNeTHe, a Ha NOBYUYEHUM eNeMEHTVIMA YHYTPaLLHE
nnatHeHe poneTHe. Mogpym ce He KopuCTW 3a 6opa-
BaK, a Npv3em/be je CTaMOeHo, MoHeKa[ Ca TepLmjanHmim
AenaTHoOCTVMA.

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.



CrambeHa namena ca TEPMUYKM  HEM30/I0BAHOM
dacafom pasHOBpPCHe MaTepujanusaunje: mantepuca-
Ha ¥ obnoxeHa NpedabprKoBaHVM apMUPaHO OETOH-
CKMM MaHenvma y HauaMEHWYHO] CMEHM Ca MPO30puUMa.
Tepmorpam npuikasyje npumeTHe rybutke TonaoTe Hapo-
UMTO Y 30HaMa aPMMPAHO BETOHCKIMX CePKaa, HaTnpo-
30pHMX rpeaa, Ha MehycobHMM CnojeBMMa BETOHCKMX
naHena 1y 30H1 KyTuja 3a ponetHe dacaaHe ctonapwje.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel
227

(%]

1 - nepvop 1961 — 1970. D — period 1961 - 1970

A residential lamela building with uninsulated facade
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

<250

> 250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

Cnosalwmby 3ug 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

ManTep 2cm, rutep 610K 19cm, MOHTaXHM
6eToHCKM NapaneT 5cm, TepMounsonaLvja
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
Crormalliby 3ug 2 5 5 5 8 B
_ 2 g 2 Z 2

© O © @] ©
External Wall 2 5 8 5 3 e

I o I (o] I

> c > c >

) )

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 Tcm

Cnosba Outside

ManTep 2cm, rvtep 6110k 19cm, BelUTauky Ka-
MeH 5¢cm, Tepmomsonadmja 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 e e b e b
c = C = C =
cTeneHmwTy - 3 = 3 © S
< pe a pe a p
- BN 2 BN 2 > 2
L. I o § o § o
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/m2K) 255 2.55 2.55
31a Ka CyceaHoj b e © 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 > 5
Entrance (Dilatation) manTep 2cm, rtep 6nok 19cm, Basayx 5cm,  HEMA M3MEHA ManTtep 2cm, rutep 610k 19¢m,
ruTep 610K 19cm, mMantep 2cm NO CHANGES nkekTvpajyha Tepmomnsonauuja 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
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTpYKLUWja 13Hag
OTBOPEHOT NMPOCTOpa

Floor Construction
to Outside Area

U (W/m?K)

PaBaH KpoB

Flat Roof

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnosba Outside

napket 2.2cm, dbnop6uT 3cm, Ab nnoyva
14cm, mantep 2cm

parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, plaster 2cm

1.35

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside

napket 2.2cm, dnopbut 3cm, Ab nnoya
14cm, mantep 2cm, Tepmomronaiuja 10cm,
mMantep 1cm

parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, plaster 2cm,
thermal insulation 10cm, plaster Tcm

0.29

YHyTpa Inside

Cnosba Outside

napket 2.2cm, dpnop6uTt 3cm, Ab nnova
14cm, Basgyx 30cm, ApBEHV POWTUSb O
neTaBa, TepMoun3onaLvja 3¢cm, Mantep Ha
pabuuy 3cm

parquet 2.2cm, wood cement screed 3cm,

reinforced concrete slab 14cm, air gap 30cm,

timber batten, counter batten, thermal
insulation 3cm, plaster on metal net 3cm

0.87

Cnospa Outside

YHyTpa Inside

nmBeHw achant 3cm, xuapovsonauyja 1cm,
LIeMEHTHa KOLLY/byiLia 2Cm, MpLLIaBM 6ETOH

3a nag 5cm, Tepmomsonauuja 5cm, Ab mnova
14cm, mantep 2cm

cast asphalt 3cm, hydro insulation Tcm,
cement screed 2cm, lean concrete laid to
fall 5cm, thermal insulation 5¢cm, reinforced
concrete floor slab 14cm, plaster 2cm

1.07

YHyTpa Inside

Cnorba Outside

napket 2.2cm, dnopbut 3cm, AB noya 14cm,
Ba3ayx 30cm, APBEHN POLLITIL Of NIeTaBa,
Tepmou3onaLmja 3cm, Mantep Ha pabutly 3cm,
Tepmomsonaumja 10 cm, mantep 1 cm

parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, air gap 30cm,
timber batten, counter batten, thermal
insulation 3cm, plaster on metal net 3cm,
thermal insulation 10cm, plaster Tcm

0.25

Cnosba Outside

YHyTpa Inside

LieMeHTHa KoLy/buua 4cm, Xnaponsonauuja,
TepMom3zonauywja 15cm, Mpluasy 6eTOH 3a nag
5cm, Tepmonsonaumja 5¢cm, Ab nnova 14cm,
manTep 2cm

cement screed 4cm, hydro insulation, thermal
insulation 15cm, lean concrete laid to fall 5¢m,
thermal insulation 5cm, reinforced concrete
floor slab 14cm, plaster 2cm

0.21

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

napket 2.2cm, dbnopbuT 3cm, Ab nnova
14cm, mantep 2cm, Tepmowrzonauyuja 15cm,
mantep Tcm

parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, plaster 2cm,
thermal insulation 15cm, plaster Tcm

0.21

YHyTpa Inside

Cnosba Outside

napkert 2,2cm, dnopout 3cm, Ab nnova
14cm, NOTKOHCTPYKLUMja CryLwTeHor niadoHa
/Bazfyx 30cm, Tepmovizonaumja 15cm, prbep
LlemMeHTHe nnove 2cm

parquet 2.2cm, wood cement screed 3cm,
reinforced concrete slab 14cm, suspended
ceiling grid/air gap 30cm, thermal insulation
15cm, fiber cement board 2cm

0.21

Cnospa Outside

YHyTpa Inside

LleMeHTHa Kowybiua 4cm, xuapovizonaumja,
Tepmom3onaymja 20cm, MpLiaBu 6eToH 3a naj
5cm, Tepmonsonaumja 5¢cm, Ab nnoua 14cm,
Mantep 2cm

cement screed 4cm, hydro insulation, thermal
insulation 20cm, lean concrete laid to fall 5¢cm,
thermal insulation 5cm, reinforced concrete
floor slab 14cm, plaster 2cm

0.16
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBEHW, IBOCTPYKM Ca PasmakHy TUM
Kpuimma (ycka KyTuja) v jeaHOCTPYKMM
CTak/oM. [ipBeHa ecsiuHeep poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor

216

JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[larmHcKo rpejarbe Ha GocunHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay TonnoTe ca

- CNPEMHUKOM Y MOACTaHNULM.
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

YHaﬂpeT)eH:e 1 130n0Bate pacapHMx 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM Gacaflom (anavkaumja Kepammykix Mo3ank nnounta npema nocrojehem
CTarby) . VI3onoBarbe xopr3oHTanHe KOHCTPYKUMje U3HaA HerpejaHor Noapyma. PeKoHCTpyKUMja ClojeBa paBHOr KPOBa Ca MoCTaB/batbem
CNnoja flofaTHe TepMuYKe 3alTuTe. Yrpadka HOBKX APBEHMX NPO30pa Ca ABOCIOJHUM M30NaLUMOHUM HUCKOEMUCMOHUM CTaKNO-MaKeToM.

Improvement 1 ® Yrpagrba TEPMOCTaTCKMX BEHTWMA MO CTaHoBMMA. MofepHwm3aumja noacTaHnLe yrpafrboM cucTeMa 3a perynauujy npoTtoka npema
CNOJbHOJ TemnepaTypy 1 Meperem UCnopyyeHe eHeprije. Hannata npema NoTpoLLHK MePEHO] y MOACTaHULM. YrpaaHba LIeHTPanHor cuctema
npunpeme Tome BoAe NOBE3aHOr Ca CUCTEMOM rpejatba.

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.

Ynanpeherbe 2 Vi30noBarbe pacagHnx 3u[0Ba KOHTAKTHOM TepMOU30AaLMOHOM (GacaoM (annvkaumja KepamnyKyx Mo3amK nnoynla npema noctojehem
CTakby). V30M0Batbe 31110Ba Ka CyceaHoj namen ybpusrasarbem Tepmonsonalmje y Mehynpoctop annatauvje. V130nosarbe XOpr3oHTaHe
KOHCTPYKLMje M3Haj HerpejaHor noppyma. PEKOHCTPYKUMja C10jeBa PaBHOT KPOBa Ca MOCTaB/barbeM C/0ja IOAaTHE TEPMUYKE 3allTHTe.

Improvement 2 Yrpaarba HoBYix npo3sopa o MBLl npodwuna ca TPOCNOjHAM 130MaLMOHIM HACKOEMUCUOHIM CTAKMO-MAKETOM. Yrpajitba HOBUX METANHNX
TEPMOW30M0BaHNX BpaTa. ®  Yrpadrba TePMOCTATCKVX BEHTWMa Mo CTaHoBMMa. MopepHusalmja NoACTaHNLE YrpadroM cucTema 3a
perynaijy npoToka nNpema CrofbHoj TemnepaTypy 1 Meperbem UCnopyueHe eHepruje. Yrpara MNymne ca MpoMeH/bUBMM NPOTOKOM U
OYMTaBarbeM NOTPOLLHbe eHeprje. Hannata npema NoTpoLkbY MepeHoj y MoACTaHMLM. Yrpajitba LIeHTPaHOr CcTeMa Nprnpemve Tomnne Bofe
MOBE3aHOr Ca CYCTeMOM rpejarba, Ca JOMyHCKIM CUCTEMOM COMlapHYIX KONeKToPa 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 omotaua — eHepretcku 6unatc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHu rybvum 1000 1000 1000
efemeHaTa TepMUYKOr ||
OMOTaua 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
12 3 4 5 6 7 8 12 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 — 317 Ka HerpejaHom CTeneHunLUTy, 5 — 31 Ka CyceHoj namenv/aunarauyja,
6 — MebycnpaTHa KOHCTPYKLWja M3Hag HerpejaHor noapyma, 7 — MehycnpaTHa KOHCTPYKLMja 13Hag, OTBOpeHOr 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 rognirba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy
demand per year

82 (52%) 111 (70%)

[kKWh/m?/ roauiitse]
[kWh/m?/ year]

EHepreTckin 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 epukacHocTn 3rpaga (“Cn.rnachmk PC’, 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cr.rnacHuk PC’, 6p.61/2011)
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YHanpeherbe TepMMUKor oMoTaya ca CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Heating ener [ wms ] [ 7eser | [47340]
demangd e [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amunHcko, docunHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

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

npumMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

mMepa

Energy consumption S
after refurbishment

measures

73%
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A5
D5

CrambeHa 3rpafa y oKBupy

Cnnunm objekTn

Similar buildings
oooo
q 0000 1>s0%
.~ oooo
1
2 A

Residential building in a row

rpagckor 6noka

Kateropuja BMLUENOPOANYHO CTaHOBarbe  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

MospuwnHa (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. MacafiHv 3vaoBK
CYy MacVBHW, 3vAaHu NyHOM OMekoMm Yy AebsbrHama 25 1
38cm, obpaheHn dacagHum mantepom. QacagHn OTBO-
pu cy HewTo Behwx AMMEH3Mja, @ NPO30pPK Cy ABOCTPY-
KV, APBEHM Ca Pa3MakHyTUM Kpunuma (ycka KyTuja). Y
dacaHoj paBHM 3acTopn Cy "ecnuHrep” poneTHe, a Ha
MOBYYEHVM eNeMeHTVMa YHyTpallHe NaaTHeHe poneT-
He. Moapym ce He KOPUCTU 3a BopaBsak, a Npuemsbe je
CTambeHO, NOHeKaA Ca TepuMjanHuM AeNaTHOCTUMA.

Afour-storey residential building with a compact floor
plan and a recessed roof floor. The massive facade 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.
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CrambeHa 3rpafa ca MacvBHUM GacagHVM 3UA0BK- A residential building with massive facade brick walls
Ma ofl oneke 6e3 Tepmowmsonauyje. Tepmorpam npukas- — without thermal insulation. The thermal image reveals
yje npumeTHe rybutke TonsoTe Kpo3 GacafHu 3ua Hapo-  noticeable heat loss through facade walls, particularly
UMTO Y 30HaMa XOPW3OHTaNHMX apMupaHo BeToHckmx  at horizontal reinforced concrete ring beams, lintels and
CepKnaxa, HaTNPO30PHMX rpeda U Ha MecTuma koHzon-  cantilevered terraces. The original facade fenestration
HO MpenywTeHnx Tepaca. OpurnHanHa dacagHa ctona-  reveals intense heat losses at frame connections and roll-
pvija ca 13pasnTmM ryburumMmMa Ha CriojeB1Ma oKBMpa 'y er shutter boxes.
30HM KyTuja 33 POneTHe.

EHepreTcku paspep objekta — noctojehe cTame Energy class of building - existing state

Qe [%] Q. [kWh/(m?a)]
270 189

<100
<150
<200

<250
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosalwmby 3ug 1

External Wall 1

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,
Tepmomsonauuja 10cm, mantep 1cm
plaster 2cm, brick wall 38cm, plaster 2cm,

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 10cm, plaster Tcm thermal insulation 15cm, plaster Tcm

U (W/m?2K) 1.26 0.29 0.21
(9] [} (5} (9] [} [}
Cnorballkbh 31g 2 he! © o S, bl °
- £ - g z
© @) © O © @]
o o o
External Wall 2 £ 2 £ 3 £ 3
I o I (e} I o
> = > c > [
() o ()

ManTep 2cm, rmrep oneka 25cm, mantep 2cm,
Tepmowsonaumja 15cm, mantep 1Tcm

plaster 2cm, hollow brick wall 25cm, plaster
2cm, thermal insulation 15cm, plaster 1Tcm

ManTep 2cm, ruTep oneka 25cm, ManTep 2cm ManTep 2cm, rmrep oneka 25cm, mantep 2cm,
plaster 2cm, hollow brick wall 25cm, plaster 2cm - Tepmousonaumja 10cm, Mantep 1cm
plaster 2cm, hollow brick wall 25cm, plaster
2cm, thermal insulation 10cm, plaster 1cm

U (W/m?K) 1.67 0.31 0.22
31z Ka HerpejaHom e e he b= b e
CTEMEeHULLTY = 3 = = - 3
_ 2 3 2 © g 3
£ 5 T 5 8 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?2K) 1.13 1.13 0.41
[ (] [ [ [ (9]
31 Ka CyceaHOM e e pe bl bl bl
; 2 2 z 2 2 2]
06jexTy © 3 ® 3 ® 3
= © a © Q ©
- = P 5 2 B &
Wall to the Adjacent = £ = G = £
O (@) (@]
Building ManTep 2cm, oneka 25cm HEMA M3MEHA FUNC KapTOHCKe mode 1.25¢m, Tepmon3sona-
plaster 2cm, brick wall 25cm NO CHANGES Lpja 5cm, ManTep 2cm, oneka 25¢cm
gypsum board 1.25cm, thermal insulation
5cm, plaster 2cm, brick wall 25cm
U (W/mK) 163 163 048
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKUWja 13Hag
OTBOPEHOr NPOCTOpa

Floor Construction
to Outside Area

U (W/m?K)

PaBaH KpoB

Flat Roof

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, NoAora o ApBo 6eToHa
2.5cm, TM3 TaBaHumua 20cm, mantep 2cm
parquet 2.2cm, wood cement screed 2.5cm,
TM3 slab with hollow clay block 20cm,
plaster 2cm

1.23

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, Nogiora of ApBo 6eToHa
2.5cm, TM3 taBaHumua 20cm, mantep 2cm,
Tepmousonauuja 10cm, mantep 1cm

parquet 2.2cm, wood cement screed 2.5cm,
TM3 slab with hollow clay block 20cm, plaster
2cm, thermal insulation 10cm, plaster Tcm

0.29

YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, Nofora o ApBo 6eToHa
2.5cm, TM3 TaBaHumua 20cm, mantep 2cm
parquet 2.2cm, wood cement screed 2.5cm,
TM3 slab with hollow clay block 20cm,
plaster 2cm

1.47

Cnosba Outside

YHyTpa Inside

BUTYMEHM3VPAHN LUSbYHaK 2CM, XUAPOU3.
2cm, Lem. KoLysbuua 2cm, Tepmowvzonatmja
5cm, napHa 6paHa, Naku 6eTOH 3a Nag MUH.
5cm, TM3 TaBaHumua 20cm, mantep 2cm
bituminised gravel 2cm, hydro insulation
2cm, cement screed 2cm, thermal insulation
5cm, vapour barrier, light weight concrete
laid to fall min. 5cm, TM3 slab with hollow
clay block 20cm, plaster 2cm

0.85

YHyTpa Inside

Cnosba Outside

napkeT 2.2cm, nogiora of ApBo 6eToHa
2.5cm, TM3 TaBaHumua 20cm, mantep 2cm,
Tepmomsonauuja 12 cm, mantep 1 ¢cm
parquet 2.2cm, wood cement screed 2.5cm,
TM3 slab with hollow clay block 20cm, plaster
2cm, thermal insulation 12cm, plaster Tcm

0.26

Cnosba Outside

YHyTpa Inside

XUApon3onaumja, LemeHTHa Kowysbuua
3-5cm, Tepmom3sonaumja 20cm, napHa 6paHa,
TM3 TaBaHuua 20cm, mantep 2cm

hydro insulation, cement screed 3-5cm,
thermal insulation 20cm, vapour barrier, TM3
slab with hollow clay block 20cm, plaster 2cm

0.18

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, NoAnora oA ApBso 6eToHa
2.5cm, TM3 TaBaHuua 20cm, mantep 2cm,
Tepmowmsonaumja 15cm, mantep Tcm

parquet 2.2cm, wood cement screed 2.5cm,
TM3 slab with hollow clay block 20cm, plaster
2cm, thermal insulation 15cm, plaster Tcm

0.21

YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, NoAora oA ApBso 6eToHa
2.5cm, TM3 TaBaHuua 20cm, mantep
2cm,Tepmonsonaupja 15 cm, mantep 1 cm
parquet 2.2cm, wood cement screed 2.5cm,
TM3 slab with hollow clay block 20cm, plaster
2cm, thermal insulation 15cm, plaster Tcm

0.22

Cnosba Outside

YHyTpa Inside

XUApon3onaLmja, LleMeHTHa KolysbuLia
3-5cm, Tepmovizonaumja 25¢cm, napHa 6paHa,
TM3 TaBanuua, 20cm, mantep 2cm

hydro insulation, cement screed 3-5cm,
thermal insulation 25cm, vapour barrier, TM3
slab with hollow clay block 20cm, plaster 2cm

0.14
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Cknornosu 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

[lpBEHW, IBOCTPYKM Ca PasmakHy TUM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaK/oOM. Ec/iuHeep 1 nnaTHeHe ponetHe
Wooden, double frame, double sash (narrow
box) with single glazing. External wooden
roller blind, internal canvas roller blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 Torne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuuherba
cvcTema rpejarba

Heating system
efficiency factor

224

[armmHcKo rpejatbe Ha GocrnHa roprsa

District heating system (fossil fuel)

[larbnHCKo rpejarbe Ha docunHa roprsa.
TepmocTatcku BeHTUnn. MoaepHm3auwja
NOACTaHWLEe - perynalmja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHy
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. MogepHusauumja
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.
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Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CMPemMHNKOM y NOACTaHMLN. 3metrbrBay 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

yHanpe’r)e,.be 1 130n0Bate dacafHMX 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM dacafiom. V30n0Barbe XOPU3OHTANHMX KOHCTPYKLMja WU3HaZ OTBOPEHOT
nponasa 1 HerpejaHor nofpyma. PEKOHCTPYKLMja C/lojeBa PaBHOT KPOBa Ca MOCTaB/batbem Cioja AOAATHE TEPMMUKE 3aliTnTe. YrpaAa HOBMX
APBEHNX NPO30pa Ca ABOCOJHAM MU30NaLMOHUM HACKOEMUCVOHIUM CTakno-nakeTom. @  Yrpafrba TepMOCTaTCKKX BEHTWa MO CTaHOBUMA.
Improvement 1 MogepHM3aLmja NOACTaHYILE YrpaaHOoM CUCTeMa 3a perynalivjy NpoToka Mpema CMosbHOj TemmepaTypy 1 MeperseM UCNopyyeHe eHepruje.
Hannata npema NoTpoLWHK MepeHoj y NOACTaHWUW. Yrpaarba LIeHTpanHor cucTeMa npunpeme Tonsne Bofe Nose3aHor ca CUCTeMOM rpejatba.

Thermal insulation of facade 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 dacafHnx 31A0Ba KOHTAKTHOM TepMOV30naLMoHoM Gacafom. V130n0Barbe yHyTpaLlbiX 3140Ba NpemMa HerpejaHom npoctopy
(XOAHWK/CTeNernLWTe). 130M0Bakbe 3110Ba Ka CyCeAHUM O0jeKTVIMa Ca YHYTpallkbe CTPaHe. /13010BaHe XOPU30HTaNHNX KOHCTPYKLMjA M3HAA
OTBOPEHOr Nporasa 1 HerpejaHor Noapyma. PEKOHCTPYKLUMja CrojeBa PaBHOM KPOBa Ca NOCTaB/barbeM C/10ja AOAATHE TEPMUYUKE 3aLuTUTe.

Improvement 2 Yrpaarba HoBKx npo3opa of MBLL npoduna ca TPOCOJHUM M30MALMOHUM HUCKOEMUCUOHUM CTaK/O-MaKkeToM. Yrpairba HOBYX METaHNX
TEPMOM30/10BaHNX BpaTa. ®  Yrpafrba TePMOCTATCKUX BEHTWIA MO CTaHOBMMA. MoaepHWM3aLmja NoACTaHWLE Yrpafom crcTeMa 3a
perynauwjy npoToka npema CnosbHOj TemnepaTypu U Meperbem UCNopyyeHe eHepruje. Yrpadkba Mnymne ca NpoMEHbUBUM MPOTOKOM 1
OuMTaBarbeM NOTpoLWtbe eHepryje. Hannara npema NoTpoLW Y MepeHoj y NOACTaHULW. Yrpaarba LIeHTPanHor CrcTeMa Nprnpeme Tore Boje
NOBE3aHOr Ca CUCTEMOM rpejatba, Ca JOMYHCKVIM CUCTEMOM CONAapHIX 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 800 300 300
enemeHara TepM1yUKor
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 200 200
100 - 100 I - 100 B
1:l Nl 1 THIHTE
12 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 45 6 7 8

1 - Cnosalutby 31, 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 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 - Flat roof
[kWh/m?/ year]

‘ 101 (53%)‘ 136 (72%) .
EHepreTckin paspes

; D | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 edukacHoCcT 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 CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHepruja notpebHa 3a

rpejarce

Heating energy _

dee [ A A Y A
0 50 100%

[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropuea
District heating / fossil fuel

YHanpebhetbe T Improvement 1

[arsuHcko, docunHa
ropuBa
District heating / fossil fuel

YHanpeherbe 2 Improvement 2

[arbuHcko, 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 rpaheBUHCKNX
N TEDMOTEXHUYKINX
mMepa

Energy consumption
after refurbishment
measures

226814
57%

50 100%

57%

298612
74%

74%
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f6
D6

CrambeHa 3rpafa Benvke
CNPaTHOCTU - CONUTEpP

Cnnunm objekTn

Similar buildings
I
1 CLI T
1 A
1
2 A

High-rise residential building

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MosplnHa (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 conntep jelHOCTaBHE, KOMMAKTHE OCHO-
BE Ca PaBHWM KPOBOM M MOBYYEHOM KPOBHOM ETaXOM.
MacafiHy 3180BK MOTY OUTV MACUBHK, aPMUPAHOOETOH-
CKW, of "aypwcon” mnu Wrbako G/0KOBA, MK MaK nake
MOHTaXHe "CceHaBMY” KoHCTpyKuumje. PacagHn OTBOPU
Hajuewhe dopmmpajy npo3opcke Tpake. Mpo3opu cy
ABOCTPYKM AApBeHY (YCKa KyTuja), MHULM]aNHO onpemsbe-
HV CaMO YHYTPaWHOM NAaTHEHOM PONETHOM. [prmMerbn-
BaHe Cy apMMpPaHOOETOHCKe TaBaHWUE, NOMYMOHTaXHe
WAV NMBEHE Ha NKLy MecTa. [oApyM ce He KopUCTY 3a
6opasak, a Npuemsbe je ctambeHo.

A residential high-rise tower with a simple compact
floor plan, a flat roof and a recessed roof floor. The fagade
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 NyHWM dacafgHVM 3uO0BW-
Ma o 6eToHa Wv Wbako 6nokoBa 6e3 Tepmonsona-
umje v Tpakama Nakux napaneTHVX 31aoBa v Npo3opa.
Tepmorpam npukasyje npumeTHe rybuTke TonnoTe Kpo3
6ouHe MacMBHE 3KOOBE HaPOUMTO Y 30HaMa CepKiaKa
1 Ha CrojeBMMa napaneTHUX 31MaoBa 1 Npo3opa. MeTan-
Ha obnora napaneta ycnen BUCOKE PedieKCUBHOCTM
KapakTepulle ce HepeanHo HUCKMM TemnepaTypHM
ounTaBatbVIMA.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
169

1 - nepvop 1961 — 1970. D — period 1961 - 1970

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

Q,,, kWh/(m?a)]
118

<100

<150

<200

<250

> 250
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Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

Cnosbawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbalkbh 31g 2

External Wall 2

U (W/m?K)

Cnorbalkbh 31 3

External Wall 3

U (W/m?K)

3u Ka HerpejaHom
CTEMEHULTY

Partition Wall

to Unheated Staircase

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

mantep 1cm, Tepmowizonadpja 5¢cm,
AB 3ua 14cm

plaster Tcm, thermal insulation 5¢cm,
reinforced concrete wall 14cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

mManTtep 1 cm, Tepmomsonaumja 5cm, Ab 3ua
14cm, Tepmomsonauuja 10cm, mantep 1cm
plaster 1cm, thermal insulation 5cm, reinforced
concrete wall 14cm, thermal insulation 10cm,
plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 1cm, Tepmonsonaumja 5cm, Ab 3mg
14cm, Tepmomsonauuja 15cm, mantep 1cm
plaster 1cm, thermal insulation 5cm, reinforced
concrete wall 14cm, thermal insulation 15cm,
plaster Tcm

0.75 0.25 0.19

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

he) he! he! he) he! he!

b 5 5 & 5 5

< 5 < 5 < 5

g 3 8 S 8 o

I = =

> 2 > 2 > 2

= e = 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
[} () [ [] (&)
° © © ° ©

a > > Z >

z E z 2 z

3 % 3 90 3

= I =

> 5 z 5 B

= e PS e =

O O

neepvia 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 Tepmou3onaunje, 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 Gonvija,
rpeauue 5/10 Ha 60cm ca McnyHom of
Tepmousonauuje, rpeaute 5/10 Ha 60 cm

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

0.40 0.20 0.20
[ [ [ [ [ (9]
S ° el S o °
2 B 2 B 2 g
g S 8 S 8 S
s iy s e s 2
= e = e = e
@] U @]
AbB 31 14cm HEMA M3MEHA AB 31 14cm, Tepmonsonaumja 5cm,
reinforced concrete wall 14cm NO CHANGES mMantep 1cm
reinforced concrete wall 14cm, thermal
insulation 5cm, plaster 1cm
313 313 0.54
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)
PaBaH Kkpos 1

Flat Roof 1

U (W/m?K)
PaBaH KpoB 2

Flat Roof 2

U (W/mZK)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

napKeT 2cm, LieMeHTHa KOLysbuLa 3¢m,
HaTPOH Nanup, 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

napKeT 2cm, LeMeHTHa KOLLY/bILA 3CmM, HaTPOH
nanvp, Tepmonsonaunja 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

YHyTpa Inside

achanT 2cm, uemeHTHa Kowwysbrua 3cm,
xuapomsonaymja 1cm, 6eToH 3a nag 6¢cm,
Tepmonsonaumja 5cm, AB nnoua 14cm
asphalt 2cm, cement screed 3cm, hydro
insulation 1cm, concrete laid to fall 6¢cm,
thermal insulation 5cm, reinforced concrete
slab 14cm

0.70

Cnosba Outside

YHyTpa Inside

achanTt 2cm, LuemeHTHa Kowysbrua 3cm,
xuapomsonaumja 1cm, 6eToH 3a nag 6¢cm,
Tepmou3onayuja 5cm, cutHopebpacTa
TaBaHwuUa 25cm, TpwyaHn naadpoH 5cm
asphalt 2cm, cement screed 3cm, hydro
insulation 1cm, concrete laid to fall 6cm,
thermal insulation 5cm, ribbed reinforced
concrete slab 25cm, straw-plaster ceiling 5cm

043

Cnospa Outside

YHyTpa Inside

LieMeHTHa KowWysbuua 4cm, Xuapomsonauuja,
LeMeHTHa KoLy/buua 3-5cm, TepmMonsona-
umja 20cm, napHa 6paHa, Ab nnoua 14cm
cement screed 3cm, hydro insulation, cement
screed laid to fall 3-5cm, thermal insulation
20cm, vapour barrier, reinforced concrete slab
14cm

0.18

Cnosba Outside

YHyTpa Inside

LleMEeHTHa KowysbiLa 4cm, XMApowv3onauwja,
LieMEHTHa KOLLYsbiLa 3-5¢m, Tepmowzonaumja
20cm, napHa bpaHa, cutHopebpacTa TaBaH1La
25cm, TpLdaHy nnadoH 5cm

cement screed 4cm, hydro insulation, cement
screed laid to fall 3-5cm, thermal insulation
20cm, vapour barrier, ribbed reinforced
concrete slab 25cm, straw-plaster ceiling 5cm

0.16

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

napKeT 2cm, LIeMeHTHa KOLLY/bYLAa 3CmM, HaTPOH
nanup, Tepmomsonaunja 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

YHyTpa Inside

LieMeHTHa KoLy buMLa 4cm, Xxnaponsonaumja,
LleMeHTHa KoLy bu1La 3-5cm, TepmMon3ona-
Umja 25cm, napHa 6paHa, Ab nnoua 14cm
cement screed 3cm, hydro insulation, cement
screed laid to fall 3-5cm, thermal insulation
25cm, vapour barrier, reinforced concrete slab
14cm

0.13

Cnosba Outside

YHyTpa Inside

LIeMEHTHa KoLy biLa 4cm, XMapowu3onauuja,
LieMeHTHa Kowysrbuua 3-5cm, Tepmonsonauyja
25cm, napHa bpaHa, cMTHopebpacTa TaBaH1La
25cm, TpwyaHn nnadoH 5cm

cement screed 4cm, hydro insulation, cement
screed laid to fall 3-5cm, thermal insulation
25cm, vapour barrier, ribbed reinforced
concrete slab 25cm, straw-plaster ceiling 5cm

0.15
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBEHW, IBOCTPYKM Ca PasmakHy TUM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaK/MIOM. YHyTpalltba NnaTtHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 Torne Boge Heating and hot water system

Cuncrem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuuherba
cvcTema rpejarba

Heating system
efficiency factor
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[armmHcKo rpejatbe Ha GocrnHa roprsa

District heating system (fossil fuel)

[larbnHCKo rpejarbe Ha docunHa roprsa.
TepmocTatcku BeHTUnn. MoaepHm3auwja
NOACTaHWLEe - perynalmja npema crnosbHoj
TemnepaTtypu. Hannara npema noTpoLHy
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. MogepHusauumja
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

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay TonnoTe ca

- CNPEMHUKOM Y MOACTaHNULM.
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

YHaﬂpeT)eH:e 1 130n0Batbe dacafHnx 31A0Ba KOHTAKTHOM TEPMOM3ONALMOHOM $acaZloM v TEPMOK30NaLIMjOM Ca NIakoM 3aBpLHOM 0bnorom. M3onosarse
XOPW3OHTa/HE KOHCTPYKLMje M3HaA HerpejaHor Noapyma. PEKOHCTPYKLUMja CNojeBa PaBHOT KPOBa Ca MOCTaB/batbem C1oja [OAATHE TePMUUKe
3awTnTe. Yrpaatba HOBUX APBEHUX MPO30pa Ca ABOCIOJHUM M30MaLMOHNUM HACKOEMUCUOHUM CTakNno-NakeTom. ® Yrpaatba TepMOCTaTCKMX

Improvement 1 BEeHTUNa No CTaHoBUMa. MozaepHI3aLyja NoACTaHMLE YrpaaHOoM CHCTeMa 3a perynaLivjy MpoToka Npema CNosbHOj TeMnepaTypu 1 Mepebem
McnopyyeHe eHeprije. Hannata npema NOTPOLWHM MEPEeHOj y NOACTaHULM. Yrpaatba LeHTPanHOr cucTeMa Npunpeme Tonsne Boje NoBe3aHor
Ca CMCTeMOM 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.

YHanpeherse 2 Vi30noBarbe hacaHUX 3110Ba KOHTAKTHOM TePMOM30MALMOHOM $acafoM 1 TePMOM30MaLIMjOM Ca NTakoM 3aBPLIHOM 060roM. V3onosarse
YHYTPaLWMUX 310Ba MPeMa HerpejaHoM NpoCTopy (XOfHUK/CTeneHuwTe). /I30/10Barbe XOPU3OHTaNHe KOHCTPYKUMjE WM3Ha[ HerpejaHor
noapyma. PekoHCTpyKLWja CnojeBa paBHOr KPOBa Ca MocTaB/batbeM C/oja JOAaTHE TepMUUKe 3alTuTe. Yrpaara HoBMx npo3opa of MMBL

Improvement 2 npoduna ca TPOCAOJHIM W30MALMOHVM HUCKOEMVCHOHMM CTakMo-NakeToMm. Yrpadrba HOBMX MeTanHUX TepMOM30N0BaHUX Bpata. @
Yrpagtba TepMOCTaTCKMX BEHTWNA MO CTaHOBMMa. MofepH#3aLmja NofiCTamLe Yrpaarom cucTema 3a perynalmjy npoToKa npema CnosbHoj
TeMMNepaTypu 1 MeperbeM UCropyyeHe eHeprije. Yrpagra MyMne ca NPOMEHbUBIM NPOTOKOM 1 OuMTaBareM NOTPOLMe eHepryije.
HannaTa npema NoTpoLubi MepeHoj y NOACTaHMLM. Yrpa/rba LIeHTPanHor cicTema npunpeme Tome Bode NOBe3aHor Ca CUCTeMOM rpejatba,
Ca [IONyHCKMM CONMapHIM CYCTEMOM 3a NOAPWKY Y MPUMPemMm TOMfe CaHUTapHe Bofe.

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 omotaua — eHepretcku 6unatc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHu ry6uum 4000 4000 4000
enemMeHaTa TepMUYKor I
omMOTaya 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

1000I I 1000 I I 1000

I I I 500
2 4

500 I 500
JH I
45 6

1T 2 3

[
3

1

~ I
w

6 1

1 — Cnosalutby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3uf Ka HerpejaHom cTenerniuTy, 5 — MehycnpaTHa KOHCTpyKUmja
W3Haf HerpejaHor noapyma, 6 — PaBaH kpos

-
5 4 5 6

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 roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kKWh/m?/ roauiitse]
[kWh/m?/ year]

EHepreTckin 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 CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
dee [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amunHcko, docunHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

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

npumMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

mMepa

B 50%
Energy consumption

after refurbishment

measures

77%
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E1
E1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm objekTn
Similar buildings

ooo oo
I:ll:l <! o

2 A

Free-standing family house

Kateropuja NMOPOAVNYHO CTaHOBaH-E 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

3anpemuiHa (m?) HeTo rpejaHa 250-400

Volume (m?3) Net heated 250-400

CnpatHa kyha jegHOCTaBHe MpaBoOyraoHe OCHOBE,
Ca [BOBOAHMM KPOBOM. TaBaHCKM MPOCTOp W Noapym/
CyTepeH Ce He kopucTe 3a 6opasak. CnosbHN 3VA0BK CY
MaCMBHW, 31MAAHN MYHOM OMEKOM WAN WYM/bM OAOKOM
1 ManTepwcanu. Mpo3opu Cy ApBeHW, CTaHAapPAM30Ba-
HVIX JMMeH3Wja, Hajuelwhe ca "ecnvHrep” poneTHama. Cee
TaBaHuLe, Na 1 Nosuuyje Npema TaBaHy 1 M3Haj Noapyma,
Cy MONYMOHTaXHEe apMUPAHOBETOHCKe KOHCTPYKLUMJE.

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.



MopoanuHa kyha ca MacvBHUM 310BKMa Of Oreke
M dacaloM HakHaAHO V3BEeJEeHOM Yy BUWIY ,KOHTaKT-
He" Tepmou3onoBaHe ¢dacage Kopuwherbem noancTy-
peHckux 6nokoBa. Ha Tepmorpamy ce youasajy ryow-
UM TOMIOTE Ha MeCTMMa MPOAOPa KOH3OJHKX Tepaca
KpO3 TePMUYKIM OMOTay 1 Yy 30HM CTpexe. KOHCTpyKLYja
Npo30pa v yna3Hux Bpata je Heoarosapajyha ca npumer-
HM TOMNOTHUM ry6uLMMma.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel
436

(%]

E - nepunopa 1971 -1980. E - period 1971 - 1980

A family house with massive walls and the fagade
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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTpYKUMja n3Hag
OTBOPEHOr NPOCTOpa
Floor Construction

to Outside Area

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 31 oA oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

1.70

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 314 Of oneke 25cm,
ManTep 2cm, Tepmousonauuja 10cm,
mantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 10cm, plaster 1cm

0.28

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTtep 2cm, 3uA of oneke 25cm,
Mantep 2cm, Tepmonsonaumja 20cm,
mMantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster 1cm

0.15

YHyTpa Inside

Cnosba Outside

NapKeT Ha NenKky 2.2 cm, LeMeHTHa
Kowysbumua 3cm,,Panua’ TasaHmua 20cm,
Mantep 2cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm,
plaster 2cm

1.84

YHyTpa Inside

Cnoma Outside

napKeT Ha nenky 2.2 cm, LeMeHTHa
KoLysbrua 3cm, “Panng’ TaBaHnua 20cm,
ManTep 2cm, Tepmousonauuja 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

Cnospa Outside

NapKeT Ha Nenky 2.2 cm, uemMeHTHa
Kolwysbuia 3cm, “Panng” TaBaHumua 20cm,
mantep 2cm, Tepmowvsonaumja 20cm,
mantep 1Tcm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm, plaster
2cm, thermal insulation 20cm, plaster Tcm

0.17




E - nepunopa 1971 -1980. E - period 1971 - 1980

Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKLIMja 1cnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/mZK)
MebycnpatHa

KOHCTPYKUMja n3Hag
HerpejaHor nogpyma

Floor Construction
to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

Cnosba Outside

YHyTpa Inside

"Panua”TaBaHvua 20cm, Mantep 2cm

Rapid hollow clay block floor 20cm, plaster
2cm

245

YHanpeherbe 1 Improvement 1

Cnorba Outside

YHyTpa Inside

LieMeHTHa KoLy brLia 4cm, Tepmonsonalija
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
Kowysbumia 3cm, “Panna’ TaBaHmua 20cm,
Mantep 2cm

parquet 2cm glued, cement screed 3cm,
Rapid hollow clay block floor 20cm,
plaster 2cm

148

YHyTpa Inside

Cnorba Outside

napKeT Ha Nnenky 2.2 cm, LemeHTHa
Kowysbula 3cm, “Panng” TaBaHmua 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

YHyTpa Inside
LieMeHTHa KOLLysbULia 4cm, TepMousonaLvja

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

MapKeT Ha Nenky 2.2 cm, LeMeHTHa
Kowysburua 3cm, “Panna’ TaBaHmua 20cm,
ManTep 2cm, Tepmomnsonaumja 15cm,
mMantep 1cm

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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Cknornosu 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

[pBeHW, ABOCTPYKM Ca pa3MakHyT!M
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaKNoM, NNacTuHe poneTHe

Wooden, double frame, double sash (narrow
box) with single glazing, plastic roller blind

3.30

YHanpeherbe 1 Improvement 1

[lpBeHn ca ABOCNOjHIM M30MaLUMOHIM
HMCKOEMUCMOHUM CTaK/0-NakeToOM
NCMYHEHVIM HEPTHUM racom

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HCKOEMMCMOHIM CTaKN0-MakeToM
NCNYHEHNUM VHEPTHUM racom

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

1.00

)J.pBeHa, Ca CTakNeHOM UCMyHOM

Wooden, leaf with glass

3.00

[lpBeHa, KpwWno Ca TepMoun3onalnoHom
NCryHOM

Wooden, insulated leaf

1.50

)J.pBeHa, KpWio Cca TepMonsonauMoHom
MCMyHOM

Wooden, insulated leaf

1.50

Cuctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH vckopuwhersa
cvcTema rpejarba

Heating system
efficiency factor
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MojeanHauHe nehu Ha yrasm

Individual coal stove

LleHTpanHm cuctem rpejarba,
HUCKOTeMNepaTyPHU 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 rpejarsa,
KOHIEH3aLUMOHWM 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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOonne Boae

Hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
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 pacagHVX 31A0Ba KOHTAKTHOM TEPMOM30MALMOHOM dacafoM. V130110Barbe XOPU30HTANIHE KOHCTPYKLMje 13HaL OTBOPEHOr
npocTopa. M30n08atbe XOPU3OHTaNHNX KOHCTPYKLMja Ka HerpejaHoM noapymy 1 TaBaHy. Yrpaarba HOBYIX APBEHIMX NPO30pa ca ABOCIOjHIM
11301aLMOHNM HUCKOEMMCUOHIM CTaKO-MaKeToM. YrpaZrba HOBYX TEPMOM30/10BaHNX BpaTa. ® VIHCTanaumja LeHTpanHor cucTema rpejarba
¥ Npunpeme Tonse CaH1TapHe BOAE Ca HUCKOTEMMNEPATYPHUM KOT/IOM Ha 3eMHU rac. HuckoTemnepaTypHU CUCTEM rpejatkba ca U30/10BaHNM
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.

/130noBatbe pacagHVX 31A0Ba KOHTaKTHOM TepMOM30oMaLvoHOM dacafoM. V130M10Barbe XOPU3OHTANIHE KOHCTPYKLMje 13HaL OTBOPEHOr
npocTopa. V13010Bake XOPM3OHTANHMX KOHCTPYKUMja Ka HerpejaHom Noapymy 1 TaBaHy. Yrpaarba HoOBWx npo3opa of MBLL npoduna ca
TPOC/IOJHVM M30MaLMOHUM HUCKOEMUCHOHWM CTakIo-MakeToM. Yrpafiba HOBMX TePMOW30M0BaHUX BpaTa. ® VIHCTanauuja LeHTpanHor
cvcTemMa rpejarba v Npynpeme Torle CaH1TapHe BOAE Ca KOHAEH3aALMOHMM KOTJIOM Ha 3eMHM rac. VIHCTanaumja AonyHCKOr CMCTema ConapHmX
KoneKTopa 3a NoApLKY y NPVYNpemu 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 350 350 350
enemeHara TepM1yUKor
OMOTaua 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
12 3 4 5 6 12 3 4 5 6 ! 2 3 4 5 6

1 - Cnosalwmby 3ug, 2 —Tposopy, 3 —Bpata, 4 — MehycnpaTtHa KOHCTPYKLMja U3Haz OTBOPEHOT NPOCTOPa,
5 - MebhycnpaTHa KOHCTPYKLWja Ka HerpejaHom TasaHy, 6 — MehycnpaTHa KOHCTPYKLMja U3Haa HerpejaHor noapyma

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 rognirba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy
demand per year 245 (75%) 265 (81%)
[KWh/m?/ roguiitse]
[kWh/m?/ year]

EHepreTckin paspes

Energy class

OuHanHa eHepryja

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 edukacHoCcT 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 YHanpeherbe 1 Improvement 1

EHepruja noTpebHa 3a

rpejarbe
Heating energy _ . D25
demand [ (e
0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel Yram lac
Coal Gas
11135

[ToumapHa eHeprija
prmap pru) 1%

Primary energy

[KWh]
93633
89%

Emncmja CO,

CO, emission

|
kg 0 50 100%

[loTpowrba eHepruje

3a rpejatbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
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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E2
E2

MopopaunyHa Kyha y Hu3y

Cnnunm objekTn
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
KOpKCTL 3a bopasak. PacaaHu 31MA0BKM Cy Hajuewhe of
Wynsbe orneke OONOXKEHN TEPMOMANTEPOM Ca CrosbHe
cTpaHe. Mpo3opu Cy CTaHAapAHWX OUMEH3M]a, APBEHM,
ABOCTPYKM Ca CMOJEHMM KPUAMMA U MNacTUYHOM "eCinH-
rep” poneTHOM Kao 3aWTWTOM Of CyHLa. TaBaHuue cy
npedabprikoBaHe apMMPAHOOETOHCKE WA MOMYMOH-
TaXKHe Ca MCMYHOM Off LWYNSbKX OMeKapCKMX enemeHara.

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 3MLOBMMA
0f} OMneKe 1 M30M1aUMOHNM CIojeM Y BUAY TepMOn30ona-
UMoHOr ManTepa. Ha Tepmorpamy ce youyaBajy v3pa-
3UTV TyOMUM Y 30HM apMmMpaHo BETOHCKMX CepKnaxa.
KOHCTPYKLUMja ynasHMx BpaTa v Npo30pa je Heofrosa-
pajyha ca NpuvMeTHWUM TOMIOTHUM rybuLmMMa Hapouw-
TO Y 30HM KyTuje 3a poneTHe. [OTKPOBHM NPOCTOP Ce He
rpeje.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
189

E - nepunopa 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

U (W/m?2K)
31 Ka cyceny

Wall to the Adjacent
Building

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

TMNC KapTOHCKa noya 1.25 cm, wynsba
oneka 25cm, Tepmomantep 3¢m

gypsum board 1.25cm, hollow brick 25cm,
thermal plaster 3cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

MMNC KAPTOHCKa nnova 1.25 cm, Wwynsoa
oneka 25cm, TepmomMantep 3 cm,
Tepmousonauuja 10cm, mantep 1cm
gypsum board 1.25cm, hollow brick 25cm,
thermal plaster 3cm, thermal insulation
10cm, plaster Tcm

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

TVUNC KapTOHCKa n1ova 1.25cm, wynbwa
oneka 25cm, TepMomMantep 3cm,
Tepmowmsonaumja 20cm, Mantep Tcm

gypsum board 1.25cm, hollow brick 25cm,
thermal plaster 3cm, thermal insulation
20cm, plaster 1cm

117 0.26 0.15
(9] [} [} (] [} [}
° ° ° ° ° °
£ g 2 g 2 g
8 SR S B 5
BN 2 > & BN 2
= 2 = 2 = 2
@) o] @]
TVMNC KapToHCKa noya 1.25 cm, wynsba HEMA N3MEHA “rMnc KapToHCKa nnoya 1.25cm,
oneka 25cm, Mnc KapToHcka nnova 1.25cm - — Tepmowvonaymja 5cm, Wynsba oneka 25cm,
- NO CHANGES MMNC 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 Kpos

Flat Roof

U (W/m?K)
MehycnpaTHa

KOHCTpYKLMja ncrnog
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

TeKCTUNHa obnora 0.2cm, dnopbut 3.8cm,
Tepmom3onauwja 4cm, HabujeHr 6eToH
6Cm, X1Apov3onauwja 1cm, nako apMypaHi
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, xuagpomsonaumja 1cm,
Tepmowu3onaumja 5cm, 6eToH 3a nag 5cm,
TaBaHwuLa “AOM"-OMHWA 25cm

terrazzo 5¢cm, hydro insulation 1cm, thermal
insulation 5cm, concrete laid to falls 5¢m,
DOM-OMNIA hollow-core concrete slab
25cm

0.52

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA

NO CHANGE

0.29

Cnora Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGE

0.52

Cnosba Outside

YHyTpa Inside

Tepmowusonauynja 5cm,
TaBaHuua "AOM"-OMHMA 25cm”

thermal insulation 5¢cm, DOM-OMNIA
hollow-core concrete slab 25cm

0.58

Cnorsba Outside

YHyTpa Inside

Tepmownzonaymja 10 cm,
TaBaHuua “AOM"-OMHWA 25cm

thermal insulation 10cm, DOM-OMNIA
hollow-core concrete slab 25cm

0.30

E - nepunopa 1971 -1980. E - period 1971 - 1980

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGE

0.29

Cnospa Outside

YHyTpa Inside

Tepauo 5 cm, xvgpomsonaupja 1cm,
TepmomsonaLvja 5cm, 6eToH 3a nag

5cm), TaBaHuua “AOM™-OMHIA 25cm,
Tepmow3onaumja 12cm, rvnc KapToHCKa nioya
1.25cm

terrazzo 5¢m, 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

YHyTpa Inside

Tepmonsonaymja 20 cm,
TaBaHuua “AOM"-OMHIMA 25cm

thermal insulation 20cm, DOM-OMNIA
hollow-core concrete slab 25cm

0.16




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

Cknornosu 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

[lpBeHW, ABOCTPYKM Ca CMOjeHUM KpUnma 1
JeLHOCTPYKMM CTaKIOM, NNacTVuHa ec/iuHeep
poneTtHa

Wooden, double frame, connected sash
with single glazing, plastic roller blind

YHanpeherbe 1 Improvement 1

[lpBeHw ca ABOC/IOJHMM U30NALMOHNM
HUCKOEMUCVOHVIM CTaK/0-MaKeToM
NCNYHEHUM VHEPTHUM racom

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

YHanpehetrbe 2 Improvement 2

[1BL| 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

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba
Heating system
efficiency factor

[arbmHcKo rpejarbe Ha GocvnHa roprisa

District heating (fossil fuel)

0.85 |

[arbmHCKo Ha GocmnHa ropvsa.
TepmocTaTcky BeHTUW. ModepHy3aLmja
NoACTaHMLe - perynaumja npema CrnosbHoj
Temnepatypu. 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 ropusa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj TemnepaTtypu.
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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejara 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHVKOM Y MOACTaHULM 3metrbrBay 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 yHanpeherwa Improvement measures description

YHanpeherse 1 130n0Batbe GacafiHuX 3K0Ba KOHTAKTHOM TepMOM30onaLvoHoM dacafjom. [lofaTHO M30/10Batbe XOPU3OHTANIHE KOHCTPYKUMje npema
HerpejaHoM TaBaHy. Yrpafrba HOBKX APBEHMX MPO30Pa Ca [BOCIOJHMM M30MaLUMOHUM HUCKOEMUCUOHUM CTakio-naketom. @ Yrpaara
TEPMOCTATCKUX BEHTVNA. MoAepHY3aLmja NOACTaHULE YrpafiHOoM CUCTEMa 3a perynaLnjy NpoToKa Npema CrosbHOj TeMnepaTypu 1 Meperbem

Improvement 1 McnopyyeHe eHepryje. Hannata npema NoTpoLLbY MepeHoj y NOACTaHULW. Yrpaikba LiIeHTPaHor CricTema npunpeme Tomsle Boae MoBe3aHor
Ca CVCTeMOM rpejarba.
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.

YHanpeherse 2 V130noBatbe dacafiHUX 310Ba KOHTaKTHOM TEPMOWM30MaLMOHOM dacagom. V3onosarbe 31aoBa Ka cycefHuM ObjeKTVMa Ca yHyTpalutbe
cTpaHe. [IoAaTHO 130/10Batbe XOPU3OHTaHE KOHCTPYKLIMje NpemMa HerpejaHom TasaHy. [loaaTHO M30M108Barbe KOHCTPYKLVjE PaBHOT KPOBa Ca
YHyTpalHbe CcTpaHe. Yrpaarba HoBKX Npo3opa of MNBL| npoduna ca TPOCI0jHVM M30MaUMOHUM HUCKOEMUCHOHKM CTaKIO-NakeToM. Yrpaarba

Improvement 2 HOBMX TEPMOM30OBaHVX BpaTa. ® Yrpadra TeEPMOCTATCKMX BeHTUNa. MofepHmusaumja NoacTaHuLe yrpaarom crucTema 3a perynauujy
NPOTOKa Npema CrosbHOj TeMnepaTypu 1 MeperemM MCNopydeHe eHeprije. Yrpadkba Mymre ca NPOMEHbUBKM MPOTOKOM ¥ OUMTaBatkbem
NoTPOLHe eHepruje. Hannata npema NOTPOLWHY MEPEHO] Y NOACTaHMUN. Yrpadtba LeHTPalHOr cucTema Npunpeme Tonne Bofe Nose3aHor
Ca CVCTeMOM rpejatba, Ca JOMyHCKMM CUCTEMOM COMapHYIX KONEKTOPa 3a NOAPLLKY NPYNpeme TOMse 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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YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 180 180 180
enemMeHaTa TepMUYKOr
omoTava 3rpage 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 3ug, 2 —T1po3opu, 3 - BpaTta, 4 — 31z Ka cyceaHom 0bjekTy, 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%

CneymndunuHa rogmiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

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

EHepreTckun paspeq

U
U

Energy class

* npema lMpaBunHUKy 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 rpejatba — eHepreTckn 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 50 100 0 50
[KWh]

EHepreHT

- HamnHcko, docunHa [amunHcko, docnnHa
Fuel ropumea ropunea

District heating / fossil fuel District heating / fossil fuel

Yranpebherbe 1 Improvement 1

E - nepropn 1971 - 1980. E - period 1971 - 1980

YHanpehetbe 2 Improvement 2

[arsuHcko, docrnHa
ropviea
District heating / fossil fuel

MNprmapHa 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 TEPMOTEXHUYKMX
mepa

Energy consumption >0%
after refurbishment

measures

39252
66%

66%

253
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E3
E3

CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm objekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

Free-standing residential building

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multy-family housing
[oavHa n3rpagHe 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

MospuwnHa (M?) HeTo rpejaHa 700 Area (m?) Net heated 700

3anpemuHa (m?) HeTo rpejaHa 1800 Volume (m?3) Net heated 1800

CrambeHa 3rpaja KOMMaKTHe OCHOBe, Ca MuT-
KAM KOCUM WM HEMNPOXOAHUM PaBHUM KPOBOM. 3WAO-
BV Cy MaCWBHM, ManTepUCanHu U obnoxeHn GacagHom
onexkom. [1po3opn Cy APBEHW, ABOCTPYKM Ca CrOjeHNM
WV PasMakHYTUM KpunmMa (yCka KyTwja), CTaHAapLHMX
AVIMEH3Vja WHWUMjanHO Hajuelhe onpemsbeHn camo
YHYTPaLHbOM  MnaTHeHOM poneTHoMm.  MehycnpatHe
KOHCTPYKLMje Cy MONYMOHTaxHe, Ca MCMyHOM Of WY rybhx
610KoBa MNK apmmpaHobeToHCKe. MNoapyMCKY 1 TaBaH-
CKM MPOCTOpW Ce He KopucTe 3a bopasak. [pusemsbe
objeKTa je HamerbeHO CTaHOBaHbY.

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 3rpaja ca MacMBHUM dacafHUM 3uOBU-
Ma off oneke 6e3 Tepmou3onauyje. Tepmorpam nprikas-
yje npumeTHe ryouTke TonnoTe Kpo3 dacafHu 3ua Hapo-
UMTO Y 30HaMa XOPU3OHTANHVX apMUPaHO BETOHCKMX
CepKnaxa, HaTNPO30PHUX rPeAa ¥ Ha MeCTVIMa KOH30/HO
npenywTeHnx Tepaca. OpwvrvHanHa GacagHa ctonapuja
je y noliem CTarby 1 KapakTepuille ce U3pasnTum ryomum-
Ma Ha CrojeBrMa OKBMPa 1Y 30HU KyTwja 3a posnieTHe.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]

273

E - nepunopa 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

255
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbu 31g

External Wall

U (W/m?K)

31 Ka HerpejaHoM
CTeneHuwTy

Partition Wall
to Unheated Staircase

U (W/m?K)

MNMocTojehe 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
Cnoa 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

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, oneka 25cm, TepaHoBa 3cm,
Tepmomsonauuja 20cm, mantep 1cm
plaster 2cm, brick wall 25cm, decorative
plaster terranova 3cm, thermal insulation
20cm, plaster 1cm

1.68 0.31 0.17
[ (9] (] [} [ (9]
© ) ) o © )
£ 2 2 g 2 g
g S 8 S 8 o
e 2 s g 3 5
= e = e = g
@] o] @]
Mantep 2cm, oneka 25cm, Mantep 2cm HEMA M3MEHA Mantep 2cm, oneka 25cm, Mantep 2cm,
- - Tepmom3sonaumja 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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

MebycnpatHa
KOHCTPYKLIWja NCMOA
HerpejaHor Npoctopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

napkeT Ha acdanTy 3cm, ¢pasep nnoue 3cm,
TM3 20cm, mantep 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 5¢cm,
TM3 slab with hollow clay block 20cm,
plaster 2cm

1.73

Cnosba Outside

YHyTpa Inside

LieMeHTHa KOLWYy/buLa 4cm, Tepmonsonaumja
10cm, TM3 20cm, mantep 2cm

cement screed 4cm, thermal insulation
10cm, TM3 slab with hollow clay block
20cm, plaster 2cm

033

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

napkeT Ha acdanTy 3cm, ¢pasep nnoue 3cm,
TM3 20cm, manTtep 2cm, Tepmon3onawmja
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 buLa 4cm, Tepmowvsonaumja
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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MNMocTojehe cTarbe Present state

[pBeHM, ABOCTPYKM Ca CMOjeHNM Kpunnma

1 jeHOCTPYKMM CTakoM. [pBeHa ec/iuHeep
poneTHa

Wooden, single frame, connected double
sash with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHUM racom

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

YHanpehetrbe 2 Improvement 2

[MBL| ca ABOCNOjHMUM 130MaLNOHMM
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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba 1 npunpeme Tonse Boge Heating and hot water system

CncTem 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 rpejatkbe Ha docunHa roprisa.
TepmocTaTcku BeHTUW. ModepHu3aumja
NOACTaHuLE - 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 GpocrnHa roprisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay 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

Yranpeberbe 1 M30noBarbe pacaHiX 3110Ba KOHTAKTHOM TepPMOM30MaLIMOHOM GacaloM. V30M10Barbe XOPW3OHTaNHe KOHCTPYKLije Npema HerpejaHom
TaBaHy. Yrpajitba HOBYIX JPBEHIX NPO30Pa Ca ABOCIOJHIM M30MaLIMOHUM HICKOEMUCVOHMM CTaKIO-NakeToM. @  Yrpafrba TepMOCTaTCKuX
BEHTWNa MO CTaHOBMMA. MopepHU3aLMja NOACTaHWLE YrpajHoM CUCTeMa 3a PerynaLinjy NPOToKa Npema CrosbHOj TeMnepaTypy 1 Meperem

Improvement 1 McnopyyeHe eHepryje. Hannata npema noTpoLLbY MepeHoj y NOACTaHMULW. Yrpaikba LIeHTPaHoT CricTema Npynpeme Tomsle Boae MoBe3aHor
Ca cuCTeMoM rpejarba.

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.

Yranpeherse 2 M30noBarbe dacadHnx 31A0Ba KOHTAKTHOM TEPMOW30NALIMOHOM hacafiom. M30M0Barbe yHyTPallFbUX 310Ba MPemMa HerpejaHoM NpocTopy
(xonHMK/CTeneHuwwTe). V130M0BaHe XOPV3OHTANHUX KOHCTPYKLMja NpeMa HerpejaHoM NnoapymMy 1 TaBaHy. Yrpadrba Hosux npo3opa og MBL,
NpodVina ca ABOCHOJHIM M30MALIOHVIM HIUCKOEMUCVOHIM CTaK0-NakeToM. Yrpaarba HOBYX METaHIX TePMOM30N0BaHIX BpaTa.

Improvement 2 ® Yrpasirba TEPMOCTATCKIIX BEHTUNA MO CTaHOBYVIMa. MoaepH3aLmja NOACTaHMLE YTPajFbOM CHICTEMA 3a PerynaLivjy NpoToKa npema CrosbHOj
TemnepaTypu 1 MeperbemM MCNopyuyeHe eHepruje. Yrpagrba Nymne ca NPOMEH/bUBMM MPOTOKOM M OuMTaBakbeM MOTPOLLbe eHepruje.
HannaTa npema NoTpolLbyi MepeHoj y MOACTaHMLM. Yrpajrba LIeHTPaHOT C/cTeMa NpUnpenMe Torne Bofe MOBE3aHOr Ca CUCTEMOM rpejarba,
Ca [A0NYHCKMM CUCTEMOM CONapHIIX KONEKTOPa 3a NOAPLLKY Y MPURpeMm TOMne CaH1TapHe Bope.

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 *
MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHW ryéuum 1200 1200 1200
efleMeHaTa TepMnYKor

OMOTaua 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 1.2 3 4 56

1 — Cnosalutby 31z, 2 — Mpo3opu v bankoHcKa BpaTa, 3 — YnasHa spata, 4 — 3uf Ka HerpejaHom cTenerniuTy, 5 — MehycnpaTHa KOHCTpyKUmja
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]

EHepreTckin paspes

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

OuHanHa eHepryja

Final ene. [ e ] [ somes | (32548
& e (N

[ O [ T e
[KWh] 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)
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E - nepviog 1971 - 1980. E - period 1971 - 1980

YHanpeherbe TepMMUKor oMoTaya ca CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHepruja notpebHa 3a

rpejarce

Heating energy _

dee [ A A Y A
0 50 100%

[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropuea
District heating / fossil fuel

YHanpebhetbe T Improvement 1

[arsuHcko, docunHa
ropuBa
District heating / fossil fuel

YHanpeherbe 2 Improvement 2

[arbuHcko, 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 rpaheBUHCKNX
N TEDMOTEXHUYKINX
mMepa

Energy consumption
after refurbishment
measures

179513
65%

65%

215559
78%
[ T A A
0 50 100%
78%
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E4
E4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm objekTn
Similar buildings

ol

Residential building — lamela

Kateropuja BMLUENOPOAMYHO CTaHOBarbe  Category multy-family housing
[oavHa n3rpagHe 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

MospuwnHa (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 PaBHIM
KpoBOM. 31aoBu cy npedabprkoBaHM apmrpaHobe-
TOHCKM, "CeHfBWY" KOHCTPYKUMje Ca Tepmoun3onaymo-
HVIM CIIOJEM W Pa3NNUUTIM 3aBPLWHMM obpafaMa (HaTyp
6eToH, GpacafHa oneka unv 6r10KoBK, "Kynnje’, Mo3auK, 1
cn.). Mpo3opw cy ApBeHW, BOCTPYKM Ca CMOjJEHUM Wau
pa3MakHyTUM Kpuavma 1 GopmMmnpajy NPo30pCcKe Tpake
nnv Beha nosba GpacagHyx oTBopa. 3acTopu Cy "ecsvH-
rep” poneTHe. MehycnpaTHe KOHCTPYKUWje Cy MOHTaX-
He apMUPAHOBETOHCKe WM MONYMOHTaXKHe, ca UCny-
HOM Of Wyn/bLx 610KOoBa. [NoapyMCke MPoCTopuje ce He
KopuCTe 3a BopaBak, a Npr3emsbe 0bjeKTa 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.



CrambeHa namena ca pasHoBPCHMM dacaaHnm obpa-
Aama. Tepmorpam npuikasyje npumeTHe ryouTke Tonnote
Kpo3 dacaaHu 3wy 30Hama crnojesa npehabprikoBaHmx
naHena 3abaTHKX 3K40Ba, NapaneTa Kao 1 XOpK3oHTas-
HUX apMMpaHO BETOHCKMX Cepknaka Aenosa ca pacan-
HOM OMeKOM OfJHOCHO Ha MeCTMMa KOH30JHO NpenyLiTe-
HUX Tepaca. OpurnHanHa gpacagHa ctonapwja je y nowem
CTarby Ca U3pasuTVM TOMIOTHAM ryOuLMMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
196

E - nepunoa 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 TepMmnykor omoTada Elements of the thermal envelope

MNocTtojehe cTare Present state YHanpebherbe 1 Improvement 1 YHanpebhere 2 Improvement 2
Cnosbatwrbu 3ug 1 3 2 2 3 bl pe)
_ 2 B k= g k= g
© O © O © O
[oR [oR [oR
External Wall 1 s 2 = 2 g 3
= 2 = 2 = 2
(@] (@) (@]
ManTep 2cm, Tepmomsonaumja 10cm, 6eToHCKM  ManTep 2cm, Tepmovi3onaumja 10cm, ManTep 2cm, Tepmounsonaupja 10cm,
naHen 7cm 6eTOHCKM NaHen 7cm, TepMounsonauyja 6eTOHCKM NaHen 7cm, TepMounzonaumja 20cm,
plaster 2cm, thermal insulation 10cm, 10cm, mantep 1cm mantep 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
Crorballrbh 3va 2 5 ke i 5 5 5
- £ - g z
© @) © @] © o
[oR [oR o
External Wall 2 = 3 = 3 £ 3
= e = e = 2
(@] (@) (@]
6ETOHCKM NaHen 5¢cm, Tepmomsonaumja 10cm, HEMA U3MEHA HEMA U3MEHA
dacaaHa oneka 12cm NO CHANGES NO CHANGES

concrete panel 5cm, thermal insulation
10cm, facing brick 12cm

U (W/m?K) 067 0.67 0.67
3uA Ka HerpejaHom b e he b b b
C h =~ je = je +
creneHunuTy o 8 - 8 = 8
g P a P a Py
_ =4 2 s 5 z 5
i = = =
Partition Wall 5 5 5
to Unheated Staircase GeToH 15¢m HEMA VI3MEHA 6etoH 15cm, TepMousonaLmja 5cm,rnc
reinforced concrete wall 15cm NO CHANGES KapTOHCKe nnoye 1.25cm
reinforced concrete wall 15cm, thermal
insulation 5cm, gypsum board 1.25cm
U (W/m?K) 3.09 3.09 0.54
Aunatauvonu 3ug ua S e © o © b
n3mehy fBa cTaHa) = E - S = 3
a P a pe a ©
_ s s > 5 B 5
Dilatation Wall > 5 - 5 > 5
(between two ManTep 2cm), 6eTOHCKM Wyniby 670K 7cm, HEMA V3MEHA HEMA V3MEHA
Appa rtments) Tepmowzonaumja 4cm, 6ETOHCKM Lyrybk 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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKUWja ncnop
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

PaBaH KpoB

Flat roof

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

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

Cnorpa Outside

HEMA M3MEHA
NO CHANGES

1.20

Cnosba Outside

YHyTpa Inside

LieMeHTHa Kowwysbitia 3cm, VIMC TaBaHmLa 22cm
cement screed 3cm, IMS prefabricated
concrete, slab 22cm

215

Cnorsba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

2.15

Cnospa Outside

YHyTpa Inside

Tepauo 5¢cm, xmuapowrsonaumja 1cm, 6eToH 3a
naf MMH. 5cm, Tep nanup, TepmMour3sonauuja
2.5cm, Bpyhu npemas butymena 0.5cm, MIMC
TaBaHMUa 25cm

terrazzo 5¢cm, 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

Cnosba Outside

YHyTpa Inside

6eToHCKe moYe 5¢cm, xvuapounsonaumja
(membpaHa), TepMom3onauumja 16¢m,
xuapomnsonaumja Tcm, 6eToH 3a nag MUH.
5cm, Tep nanup, TepMovsonaunja 2.5cm,
Bpyhu npemas utymena 0.5cm, MIMC
TaBaHMuUa 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

Cnospa Outside

napket 1.2cm, dasep nnoua 3cm,

HaTpoH nanup, MMC TaBaHwmua 22cm,
Tepmowmsonaumja 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

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

215

Cnospa Outside

YHyTpa Inside

6eTOHCKe mnoye 5cm, xmuaporsonalyja
(MembpaHa), Tepmou3sonauuja 25cm,
xuapomsonaumja 1cm, 6ETOH 3a Nag MyH.
5cm), Tep nanunp, Tepmowvsonaumja 2.5cm,
Bpyhu npemas 6rtymeHa 0.5cm, IMC
TaBaHMUa 25cm

concrete tiles 5¢cm, 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MNMocTojehe cTarbe Present state

[pBeHM, ABOCTPYKM Ca PasMakHyTUM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
cTaknom. [lpeeHa ecsiuHeep poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHUM racom

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM 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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba 1 npunpeme Tonse Boge Heating and hot water system

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba

Heating system
efficiency factor

266

[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

0.85

[larbnHCKO rpejatkbe Ha docunHa roprisa.
TepmocTaTcku BeHTUW. ModepHu3aumja
NOACTaHuLE - 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 GpocrnHa roprisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay 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

Yranpeberbe 1 V3onoBarbe Aena dacafHuX 31a0Ba KOHTAKTHOM TePMOM30MALIMOHOM dacafom. PeKOHCTPYKLMja CMlojeBa PaBHOT KPOBa Ca MOCTaB/barbem
Crloja JOfATHE TEPMMUKE 3alTiTe. Yrpadrba HOBUX APBEHMX MPO30pa Ca ABOCIOJHUM U30MaLMOHMM HACKOEMUCUOHIM CTaKIO-NaKeToM.
® Yrpagra TEPMOCTATCKUX BeHTUNa MO CTaHOBMMa. MopepHu3salmja NOACTaHNLE YrpadrboM CUCTeMa 3a perynalivjy npoToka npema

Improvement 1 CNOrBbHOJ TeMMepaTypy 1 Meperbem UCropyyeHe eHeprije. Hannata npema NoTpoLubi MepeHoj y MoACTaHNLM. Yrpafikba LieHTPanHor cucTema
npynpeme Torse BOfie NOBE3aHOT Ca CUCTEMOM rpejatba.

Thermal insulation with a contact fagade 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.

YHanpeherse 2 /3onoBarbe Aena pacapHWX 3140Ba KOHTAKTHOM Tepmoun3onaumoHom dacafom. V3onosarbe yHyTpallkbKX 31A0Ba Npema HerpejaHom
npocTopy. M3onoBarbe xopr3oTanHe KOHCTPYKLWMjE M3HaZ OTBOPEHOT MPOCTopa. PEKOHCTPYKLMja ClojeBa PaBHOM KPOBa Ca NOCTaB/batkbem
CNnoja aofaTtHe TepMmyKe 3alituTe. Yrpagrba HoBux npo3opa of MBL npoduna ca TpPOCNOjHUM M30NaLMOHUM HUCKOEMUCUOHVIM CTaKo-

Improvement 2 naketom. Yrpaarba HOBKX METanHUX TEPMOM30NOBaHWX Bpata. ®  Yrpadrba TepMOCTATCKMX BEHTMA MO CTaHoBWMa. MopepHisaumja
NOACTaHMLE yrpaarbOM C1MCTeMa 3a perynalmjy NpoToka npema CrosbHoOj TemnepaTtypu 1 Meperbem UCNopyyeHe eHepruje. Yrpadia nymne
Ca NPOMEHSbUBIM NMPOTOKOM 1 OUMTaBarbem NOTPOLIHe eHeprije. Hannata npema NoTpoLUtbW MePeHO] y NOACTAHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Tore BOAE NMOBe3aHor ca CUCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM CONapHIX KONeKTopa 3a NOAPLIKY Y Npunpemm
TOM/e 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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YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 800 800 800
enemeHara TepM1YKor
OMOTaya 3rpage 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 — Mpo3opn 1 6ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 31 Ka HerpejaHom CTeneHunwTy, 5 — 3u ka CycejHoj namenw/aunataupja,
6 — MehycnpaTHa KOHCTPYKLvja 13Haz OTBOPEHOr MpocTopa, 7 — MehycnpaTHa KOHCTPYKLMja MCMOA HerpejaHor MpocTopa,

8 — MehycnpaTHa KOHCTPYKLWja 13Hag HerpejaHor nogpyma, 9 — PasaH Kpos

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
23 5 6 5 6 7 8 9 1 23 45 6 7 8 9

CneymndunuHa rogmiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

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

EHepreTckun paspeq

U

Energy class

®uHanHa eHepruja

* npema lMpaBunHUKy 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 rpejarba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state

EHepruja notpebHa 3a

rpejarce

Heating energy _

e [ A A Y A
0 50 100%

[KWh]

EHepreHT

- [arbuHcko, 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

lNpumapHa eHepruja

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
t] 0 50 100%

[oTpowrba eHepruje

3a rpejakbe HakoH
npuMeHe rpaheBrHCKINX
N TEPMOTEXHUYKIX
Mepa

Energy consumption
after refurbishment
measures

123619
47%

50 100%

45%

158547
60%

0 50 100%

60%
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E5
E5

CrambeHa 3rpaga y oKBupy

Cnnunm objekTn
Similar buildings

oooo
0000 1>50%
oood

A D>

Residential building in a row

rpagckor 6noka

Kateropuja BULLENOPOAMYHO 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

MosplwnHa (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 31AO0BM Cy ApPMUPAHOOETOHCKM
WAV 31MAAHN NYHOM OMEeKOM WV WynbiM 6N10KOBMMa Ca
TEPMOM30MALMOHMM CIOjeM Y NOjeAVHMM CKOMOBMMA.
MacafHy oTBOPM Cy HewTo Behux AMMEH3Mja, ABOCTPY-
KW, APBEHW Ca CMOJEHUM WAM Pa3MaKHYTUM KpWw-
Ma (ycka KyTuja). Y dacaaHoj paBHM 3aCTOpu Cy "eCivH-
rep” pPosieTHe, a Ha MOBYYEHUM eNleMeHTMMA YHYTpallHbe
nnatHeHe posneTHe. Mogpym ce He KopucTu 3a Bopa-
BakK, a Npur3emsbe je CTaMbeHO, MOHeKaA ca TepumjanHmnm
JlenaTHoCTVMma.

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 fagcade 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.



CrambeHa 3rpafia ca dacafjom M3BEAEHOM Y BUAY
KoMOMHaUMje pasnnuuTViX MaTepujana ca YriaBHOM
HeofroBapajyhuMm TepMUUKMM KapakTepucTukama. Ha
TepMorpamy Cy NPUMETHM rybuLm TonnoTe y 30H1 apMm-
paHO BETOHCKIMX CepKnaxa W CTonapuje, HapoUnTO Kog
KyTWja 3a poneTHe. [Mapanetn u3seAeHn of dacagHe
oneke cy 6e3 m3onaunje ca n3pasmnTUm rybuymma Te je
Moryhe younTy 1 NoMoXaj rpejHnX Tena — paaujatopa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
226

E - nepunopa 1971 -1980. E - period 1971 - 1980

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 TepMmnykor omoTada Elements of the thermal envelope

Cnosbawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbalkbh 31g 2

External Wall 2

U (W/m?K)

314 Ka HerpejaHom
CTENEeHNWTY

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka CyceaHOoM
00jeKTy

Wall to the Adjacent
Building

U (W/m?K)

272

MocTojehe cTarbe Present state

YHyTpa Inside
Cnossa Outside

Mantep 2cm, Tepmomnsonaduja 3cm,
6eToH 25cm

plaster 2cm, thermal insulation 3cm,
reinforced concrete wall 25cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, Tepmown3sonaumja 3 cm, 6eToH
25cm, Tepmomsonaumja 10cm, mantep 1cm
plaster 2cm, thermal insulation 3cm,
reinforced concrete wall 25cm, thermal
insulation 10cm, plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2cm, Tepmow3sonaumja 3cm, 6eToH
25cm, Tepmomsonalmja 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] [} (5} () (5} (]
S el hel S hel he,
2 g2 g 2 £
O O O
(é © § Q § ©
2 5 2 5 z 5
= e = 2 = 2
U (@} (@}
ManTep 2cm, NyHa oneka 25cm ManTep 2cm, MyHa oneka 25cm, ManTep 2cm, myHa oneka 25cm,
plaster 2cm, solid brick wall 25cm Tepmousonauuja 10cm, mantep 1cm, Tepmousonauuja 20cm, mantep 1 cm,
dacapHa 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 1cm Tcm
1.75 0.28 0.16
(9] (5} (5} (9] (5} (]
je, bl hel je, hel he,
2 gz gz z
© @) © O © O
=3 © =3 © =3 ©
e 5 e 5 % 5
= e PS e = 2
U (@} (@}
ManTep 2cm, oneka 25cm, mantep 2cm HEMA U3MEHA ManTep 2cm, oneka 25cm, mantep 2cm,
plaster 2cm, hollow brick wall 25cm, plaster 2cm - NO CHANGES Tepmowm3onaumja 5cm, rMnc KapToHCKe nnoye
1.25cm
plaster 2cm, hollow brick wall 25cm, plaster
2cm, thermal insulation 5¢cm, gypsum board
1.25cm
146 1.46 0.45
[ [ [ [ [ (9}
he: © el S o °
2 2 2 B 2 g
(@] (@] (@]
8 e g pe g e
e 5 2 5 B 5
= e = e = 2
(@]} O (@}
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 Tepmou3onauuja 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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction to
Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKUWja ncnop
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

PaBaH KpoB

Flat Roof

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

napkeT 2cm, 6AnHAMT 3cm, nepamnT 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

Cnospa Outside

HEMA M3MEHA
NO CHANGES

0.53

Cnosba Outside

YHyTpa Inside

nepnut mantep 5cm, Ab nnoya 20cm
lightweight perlite concrete 5¢cm, reinforced,
concrete slab 20cm

1.49

Cnosba Outside

YHyTpa Inside

LleMeHTHa Kolwyrbuua 4cm, Tepmowvsonaumja
10 cm, nepnut mMantep 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
xuaponsonauuja 1cm, nepauT Mantep 5cm,
AB nnoyva 22cm

concrete tiles 4cm, sand 3cm, hydro
insulation 1cm, lightweight perlite concrete
5cm, reinforced concrete slab 22cm

1.38

Cnosba Outside

YHyTpa Inside

6eToHCKe Moyve 4cm, xuapoun3onauwja,
Tepmousonauuja 20cm, xmapounsonauvja
1cm, nepnut mantep 5cm, Ab mnoua 22cm
concrete tiles 4cm, hydroinsulation, thermal
insulation 20cm, hydro insulation 1cm,
lightweight perlite concrete 5cm, reinforced
concrete slab 22cm

0.17

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

napkeT 2cm, 6AnHAMT 3cm, nepamT 6eToH
15cm, apmrparobeToHcka nioya 20cm,
Tepmown3onaumja 10cm, rmnc 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

YHyTpa Inside

LleMeHTHa Kolysbuua 4cm, TepMomsonaumja
20cm, nepnut Mantep 5cm, Ab nnova 20cm
cement screed 4cm, thermal insulation 20cm,
lightweight perlite concrete 5cm, reinforced,
concrete slab 20cm

0.17

Cnospa Outside

YHyTpa Inside

6eTOHCKe nnoye 4cm, xuapovsonauuja,
Tepmowusonaumja 25cm, xuaponsonaumja
1cm, nepnuT mantep 5¢m, Ab nova 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/mZK)

YnasHa Bpata

Entrance door

U (W/mZK)

MNMocTojehe cTarbe Present state

[pBeHM, ABOCTPYKM Ca CMOjeHNM Kpunnma

1 jeHOCTPYKMM CTakoM. [lpseHa ec/iuHeep
poneTHa

Wooden, single frame, connected double
sash with single glazing. Wooden roller blind

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHUM racom

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM 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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba 1 npunpeme Tonse Boge Heating and hot water system

CncTem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwhera
cucTema rpejarba

Heating system
efficiency factor

274

[armHcKo rpejarbe Ha GocvnHa roprsa

District heating system (fossil fuel)

0.85

[larbnHCKO rpejatkbe Ha docunHa roprisa.
TepmocTaTcku BeHTUW. ModepHu3aumja
NOACTaHuLE - 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 GpocrnHa roprisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
NOACTaHMLE - NyMNa NPOMEHBbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay 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

Yranpeherse 1 M30n0Batbe pacafHmMx 3u10Ba KOHTAKTHOM TEPMOM30MaLMOHOM (GacazioM (Ca MECTUMMUHOM ananKaLMjoM GacagHUX NaouMLa y UM TaLM)K
oneke). PeKOHCTPYKLWja CojeBa paBHOT KPOBa Ca MOCTaBsbakbeM Coja foAaTHe TePMUUKe 3aluTuTe. M3010Barbe XOPU30HTaHe KOHCTPYKLMje
npema HerpejaHom TasaHy. Yrpajitba HOBUX [APBEHWX NPO30Pa Ca ABOCAOJHUM M30MaLUMOHUM HUCKOEMVCUOHUM CTaKno-MaketoM. @

Improvement 1 Yrpagrba TepMOCTaTCKIX BEHTUMa MO CTaHOBMMa. MogepHM3aLmja NOACTaHMLE YrpaarboM CUCTeMa 3a perynalujy NpoToKa npema CrosbHOj
TemnepaTypu 1 Meperbem MCnopyuyeHe eHepruje. Hamnata npema NoTpOLkbM MepeHoj y MOACTaHWUM. Yrpaarba LeHTPanHor cucTema
npunpeme Tonne Boae NOBe3aHOr Ca CUCTEMOM rpejarba.

Thermal insulation of facade walls with a contact fagade 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.

Yranpeherse 2 M30n0Batbe pacafHmMx 31[0Ba KOHTAKTHOM TePMOM30MaLMOHOM (GacaioM (Ca MECTUMMUYHOM ananKaLMjoM GacagHUX NAoUMLA Y UMMATaLMjK
oneke). M30n0Barbe yHyTpallbViX 310Ba NpemMa HerpejaHoM NpocTopy (xofHMK/CTenermwTe). M30nosarbe 308a Ka CyceaHm objekTriMa
Ca yHyTpaltbe cTpaHe. [lofaTHO M30M10Batbe PaBHOr KPOBa. M30M0Barbe XOPM3OHTANHIX KOHCTPYKLMja NpeMa HerpejaHom NoapyMy 1

Improvement 2 TaBaHy. Yrpaarba Hosyx Nposopa of MBLl npoduna ca TPOCAOJHIM M30NaLIMOHUM HICKOEMUCUOHVIM CTaK0-NakeToM. Yrparba MeTaHixX
TePMOM30MI0BaHMX BpaTa. @  Yrpadrba TePMOCTATCKMX BEHTUMa Mo CTaHoBMMa. MopepHM3aumja NOACTaHMLe YrpafroM cucTema 3a
perynauujy NpoToka npema CrosbHOj TeMnepaTypu U MeperbeM MCnopydeHe eHepruje. Yrpaairba Mymne ca NpOMeHbIBIM NPOTOKOM W
OuNTaBaHbeM NOTPOLLFLE eHeprutje. HannaTa npema NoTPOLLFI MePEeHOj Y MOACTaHNMLM. Yrpadrba LIeHTPanHoOr cucTema Npunpeme Tonne soae
MOBE3aHOr Ca CUCTEMOM rpejatba, Ca JONYHCKMM CUCTEMOM CONapHUX KOfeKTopa 3a NOAPLUKY Y NpUMpemy Tomne caH1TapHe Boje.

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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 300 300 300
enemMeHaTa TepMUYKor
omMOTaya 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

1 2 3 4 5 6 7 8 12 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 — 31/ 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 rognirba
notpebHa eHepruja 3a
rpejarbe
Specific Heating Energy
demand per year

77 (49%) 112 (71%)

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

EHepreTckin 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 edukacHoCcT 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 CCTEMOM rpejarba — eHePreTcKn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state

EHepruja notpebHa 3a

rpejarce

Heating energy _

dee [ A A Y A
0 50 100%

[KWh]

EHepreHT

- [aruHcko, ocunHa
Fuel ropuea
District heating / fossil fuel

YHanpebhetbe T Improvement 1

[arsuHcko, docunHa
ropuBa
District heating / fossil fuel

YHanpeherbe 2 Improvement 2

[arbuHcko, 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 rpaheBUHCKNX
N TEDMOTEXHUYKINX
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

Cnnunm objekTn

Similar buildings
I
1 CLI T
1 A
1
2 A

High-rise residential building

Kateropuja BMLUENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MospuwnHa (M?) HeTo rpejaHa 4600 Area (m?) Net heated 4600

3anpemuHa (m?) HeTo rpejaHa 12000 Volume (m?) Net heated 12000

CrambeHn conntep jeHOCTaBHE, KOMMAKTHE OCHO-
Be Ca PaBHWM KPOBOM ¥ MOBYYEHOM KDOBHOM €TaXOM.
MacafHu 31aoBK cy NpedabprKoBaH aPMUPAHOOETOH-
CKN, "CeHOBMY” KOHCTPYKLUMje ca TepMOM30naLMOHNM
cnojem. ®acaaHu oTBOPU Hajuelwhe GopmMupajy NPo3opc-
ke Tpake. [Mpo3opu Cy ABOCTPYKM APBEHM Ca CMOjeHMM
WV Pa3MakHYTUM Kpuiavma (yCcKa KyTwja), onpembeHn
APBEHOM CMOJballtbOM "eCIMHIER” MK YHYTPALWHOM
NMaTHEHOM PONETHOM. TaBaHuLe Cy MOHTaXHe apmu-
paHobeToHCKe. [MogpyM ce He KOpWCTM 3a GopaBak, 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.



CrambeHn conuTep ca dacagHuM 3MA0BKMMA  Of
npedabprkoBaHMx OETOHCKUX NaHena. Tepmorpam
npuKasyje rybutke Tonnote Ha mectuma mehycoOHMx
CrojeBa NaHesna Kao vy OKBUPY HUXOBE CTPYKTYpE: Be3e
HoceRer v 3aBpLIHOr C/oja, HAPOUMTO Ha MapaneTHVIM
enemeHTMa. Cnojesu nnova Tepaca 1 GacagHvix 31ao-
Ba Ce KapaKTepully W3pasuTViM JNHUJCKAM ryBuLmma.
MacafHa cTonapuja nower KeanuTeTa Ca MPUYMETHUM
TOMNOTHUM ry6uLIMMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
191

E - nepunoa 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 TepMmnykor omoTada Elements of the thermal envelope

Cnosbawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbalkbh 31g 2

External Wall 2

U (W/m?K)

Cnosballitbm 31a 3

External Wall 3

U (W/m?K)

3u 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 16cm, thermal insulation 4cm,
concrete 6cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

6eToH 16cm, Tepmomn3sonaunja 4cm, 6eToH
6cm, Tepmomsonaupja 10cm, mantep 1cm
concrete 16¢m, thermal insulation 4cm,
concrete 6cm, thermal insulation 10cm,
plaster Tcm

YHanpeherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

6eToH 16cm, Tepmonzonaluja 4cm, beToH 6¢m,

Tepmousonauuja 20cm, mantep 1cm
concrete 16¢m, thermal insulation 4cm,
concrete 6cm, thermal insulation 20cm,
plaster Tcm

0.81 0.24 0.14

[} () [ [} () [}

o © hel je! © ©

% % 3 & ) %

< 5 < 5 < 5

g E g = g 5

= = I

> 2 > 2 > 2

= e = 2 = 2
(@] (@] @]

6eToH 7.5cm, TepmousonaLija 4cm, 6eToH
3.5cm

concrete 7.5cm, thermal insulation 4cm,
concrete 3.5cm

6eToH 7.5¢cm, Tepmor3onaLivja 4cm, 6eToH
3.5cm, Tepmomsonaumja 10cm, mantep 1cm
concrete 7.5cm, thermal insulation 4cm,
concrete 3.5cm, thermal insulation 10cm,
plaster Tcm

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

[} (] [ [ [ [}

° ° ° ° ° °

2 2 2 g 2 g

g8 S B S B o

£ i g i S i

&3 e 3 e 3 e
(@] (@) (@]

nsepvita 16mm, anymmHmnjymcka donuja, HEMA N3MEHA HEMA N3MEHA

rpeaunue 5/10 Ha 60cm ca ncnyHom 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

040 040 040

[ [ [ [ [ (9}

he: © ) S o °

2 2 2 2 2 g

g 5 B S 8 S

s iy s e s 2

= e = e = g
(@] (@) (@]

AbB 31a 25cm HEMA M3MEHA AB 31 25cm, Tepmonsonaumja 5ecm

reinforced concrete wall 25cm NO CHANGES rMNC KapTOHCKe nnoye 1.25 cm

reinforced concrete wall 25cm, thermal
insulation 5¢cm, gypsum board 1.25cm
273 273 0.53




E - nepunopa 1971 -1980. E - period 1971 - 1980

Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKUWja 13Hag
HerpejaHor NpocTopa
(noapym)

Floor Construction
to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKUWja ncnop
HerpejaHor npocTopa

Floor Construction to
Unheated Area

U (W/mZK)

PaBaH KpoBs

Flat Roof

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

napket 2.2cm, GbnopbuTt 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

Cnospa Outside

napket 2.2cm, GnopbuTt 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

Kepamuuke nnouwnte 1cm, pnopbut 3cm,
MOHTaXKHa 6EeTOHCKa 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

Cnospa Outside

YHyTpa Inside

6eTOHCKe nnoye 3cm, necak 2 cm,
xugpounsonaumja 1cm, LeEMEHTHa KowybrLa
2cm, Tep nanup, TepMovrzonauuja 5em,

CNoj 3a Naj MMH 5CM, MOHTaxHa 6eToHCKa
TaBaHuUa 18cm

concrete tiles 3cm, sand 2cm, hydro insulation
1cm, cement screed 2cm, roofing paper,
thermal insulation 5¢cm, concrete laid to fall
5cm, prefabricated hollow-core concrete floor
slab 18cm

1.41

Cnospa Outside

YHyTpa Inside

LIeMeHTHa KoLysbuua 4cm, xvuapounsonauuja,
LieMeHTHa KoLysbuua 4-6¢m,
Tepmouzonauwja 20cm, napHa 6paHa,
MOHTaxHa GeTOHCKa 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

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

napket 2.2cm, Gbnopbut 3cm

MOHTaXKHa 6eToHCKa TaBaHuMLa 18cm,
Tepmowusonaumja 15cm, mantep Tcm
parquet 2.2cm, wood cement base 3cm,
prefabricated hollow-core concrete slab 18cm,
thermal insulation 15cm, plaster Tcm

0.21

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

1.89

Cnospa Outside

YHyTpa Inside

LIeMeHTHa Kowysbiua 4cm, xvgpovizonaumja,
LleMeHTHa Kowwysbiua 4-6¢m,
Tepmom3onauyumja 25cm, napHa 6pata,
MOHTa»KHa OeTOHCKa 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opn v 6ankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[pBeHW, ABOCTPYKM Ca pa3MakHyTM
Kpuimma (ycka KyTwja) v jeAHOCTPYKIM
CTaKNoM. YHyTpalltba nnaTHeHa poneTHa
Wooden, double frame, double sash (narrow
box) with single glazing. Internal canvas
roller blind

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HUCKOEMUCHOHIM CTaK/0-NaKeToOM
NCNYHEHUM MHEPTHUM racom

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
MCNYHEHUM 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

Cuictemu rpejatba 1 npunpeme Tonne Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH vckopuwhersa
cvcTema rpejarba

Heating system
efficiency factor

282

[armmHcKo rpejatbe Ha GocrnHa roprsa

District heating system (fossil fuel)

0.85

[larbnHCKo rpejarbe Ha docunHa roprsa.
TepmocTatcku BeHTUnn. MoaepHm3auwja
NOACTaHWLEe - perynalmja 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. MogepHusauumja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
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 - nepunopa 1971 -1980. E - period 1971 - 1980

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay 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

YHanpehetbe 1 Vi3onoBarbe pacaHUX 310Ba KOHTAKTHOM TEPMOM30/IALMOHOM (GacafoM. V130510Barbe XOPM3OHTaNHE KOHCTPYKUMje 13Hah HerpejaHor
noapyma. PeKOHCTpyKUWja cnojesa paBHOr KPOBa Ca MOCTaB/batbeM HOBOT C/10ja TepMUYKe 3aluTuTe. YrpaArba HOBUX OPBEHUX Mpo30opa
ca ABOCIOJHUM M30/1aLMOHNM HUCKOEMM CHOHIM CTaKIo-NaketoMm. @  Yrpafba TePMOCTATCKIX BEHTUNA MO CTaHoBMMa. MoaepH3aunja

Improvement 1 nojCTaHNLe YrpaaroM CUcTeMa 3a peryfaumjy MpoToka npema CrosbHOj TeMmnepaTypy U Meperbem VCropyyeHe eHepruje. Hannata npema
NOTPOLLHY MEPEHO] Y MOACTAHULM. YTPajtba LIEHTPAHOT CUCTeMa NpUNpemMe Torie BOAe NOBE3aHOr Ca CCTEMOM 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.

YHanpeherse 2 130n0Batbe dacafHnx 31A0Ba KOHTAKTHOM TepMOV30naLMoHoM Gacafom. V130n0Barbe yHyTpaLlbiX 3140Ba NpemMa HerpejaHom npoctopy
(xopHuK/CTeneHuwwTe). VI3010Barbe XOPU3OHTaNHe KOHCTPYKLUMje 13HaA HerpejaHor noagpyma. PeKoHCTpyKUMja crnojeBa paBHOr KpoBa ca
nocTas/barbemM HOBOT C/oja TepMUUKe 3alTuTe. Yrpafrba HOBYX Npo3opa of MBLL npoduna ca TPOCNOjHIM U30NALMOHMM HUCKOEMMCUOHIM

Improvement 2 CTaK/0-NakeToM. Yrpajrba HOBYIX METaHIX TEPMOM30/I0BaHNX BpaTa. @ Yrpajrba TEPMOCTATCKMX BEHTINA MO CTaHoBMMa. MoaepHi3aumja

NOACTaHNLE yrpaArbOM CUCTEMa 3a Perynalmjy NpoToka npema CrosbHOj TemnepaTtypu 1 MeperbemM UCNopyyeHe eHepruje. Yrpadia nymne
Ca NPOMeHSbUBIMM MPOTOKOM 1 OUMTaBarbem NOTPOLIHe eHeprije. Hannata npema NoTpoLUtbW MePeHO] y MOACTAHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Tore BOAe NOoBe3aHor ca CYCTEMOM rpejarba, 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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YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnotHu rybuum 4000 4000 4000
enemeHara TepM1YKor
OMOTaya 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 cTenenniuTy, 5 — MehycnpaTHa KOHCTpyKLUmja
M3Hag HerpejaHor noapyma, 6 — MehycnpatHa KOHCTPYKLUMWja MCMOZ 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]

EHepreTckun paspeq

- | ) c D

Energy class

CneymndunuHa rogmiltba
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 lMpaBunHUKy o eHepreTckoj edrikacHocTh 3rpada (‘Cn.rnacHuk PC' 6p.61/2011) * according to Ordinance on energy efficiency on buildings (“Cn.rnacHnk PC’, 6p.61/2011)

284



E - nepropn 1971 - 1980. E - period 1971 - 1980

YHanpeherbe TepMMUKOr oMoTaya ca CCTEMOM rpejarba — eHepPreTckm 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
destingenergy | 12428 T [[2szie2 ] [ Jranes
e [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa NamunHcko, docnnHa [amunHcko, docunHa
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

npuMeHe rpaheBrHCKINX

N TEPMOTEXHUYKIX

Mepa

Energy consumption 5
after refurbishment

measures

79%
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F period 1981 — 1990
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01
F1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm objekTn
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
3anpemuiHa (m?) HeTo rpejaHa 250-400 Volume (m?3) Net heated 250-400

CnpaTtHa Kyha KOMNakTHe MpaBOyraoHe OCHOBE,
Ca [BOBOJAHVM KPOBOM M BEIMKMM TaBaHCKMM MpOC-
TOPOM KOjU Ce He KopucTh 3a 6bopasak. CnosbHN 3100~
BM CY MAaCVBHW, 3vaHV MyHOM OMEKOM W ManTepucaHn
v pabeHn Kao "ceHaBmMyY” KOHCTPyKUMja ca dpacaaHoMm
OMEKOM Kao 3aBpLIHOM 0bpafom. po3opu Cy ApBeHY,
CTaHAAPAM30BaHNX AVMEH3M]a, Hajuelwhe ca "ecnuHrep”
ponetHama. TaBaHMLE Cy MOAYMOHTaxHe apMuUpaHobe-
TOHCKe KOHCTPYKLMje Ca MCMYHOM Off LYMNSbKxX oneKap-
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.



MopoanuHa kyha ca MacvBHUM 310BKMa Of Oreke
1 dacajoM HaKHaAHO M30MI0BaHOM Y 30HM ManTepuc-
aHe ¢acanHe obpage. KoHCTpykumWja npo3opa v ynas-
HWX BpaTa je Heoarosapajyha ca NpUMeTHVM TOMIOTHIM
ryéuumma. Kyha ce He rpeje y uenoctv a ycnep noburaka
O} CyHUEeBOr 3paderba CToNapwja Ha AeCHOj NoNoBUHYM ce
04MTaBa Kao Tonnuja.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
452

® - nepuog 1981 - 1990. F - period 1981 - 1990

A family house with massive brick walls and subse-
quent addition of thermal insulation in the rendered
facade 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

289




290

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

Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbn 31A

External Wall

U (W/m?K)

MperpaaHy 31a Ka
HEerpejaHomM NpocTopy

Partition Wall
to Unheated Area

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3ua of oneke 25cm,
Mantep 2cm

plaster 2cm, brick wall 25cm, plaster 2cm

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

ManTep 2cm, 314 Of oneke 25cm,
ManTep 2cm, Tepmousonauuja 10cm,
mantep 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, Tepmousonauuja 20cm,
mMantep 1cm

plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnorsba Outside

1.70 0.28 0.15

[ (9] (] [} [
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2 2 2 E 2

g S 8 S 8

s i S i s

= e = S =
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Mantep 2cm, 3ug of oneke 25cm, HEMA N3MEHA ManTtep 2cm, 314 of oneke 25cm,

Mantep 2cm - ManTtep 2cm, Tepmonsonaumja 5ecm,

- NO CHANGES TVNC KapTOHCKe nove 1.25cm

plaster 2cm, brick wall 25cm, plaster 2cm -
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 5¢cm, gypsum board
1.25cm

148 1.48 045
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MehycnpatHa
KOHCTPYKLIWja NCMOA
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MehycnpaTHa

KOHCTpYKUMja n3Hag
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

NapKeT Ha Nenky 2.2cm, LeMeHTHa
KoLy brLa 5cm, xuapoursonauuja 1cm,
HabujeHn 6eToH 10cm, WwibyHak 10cm

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

0.65

Cnosba Outside

YHyTpa Inside

LeMeHTHa KoLwysbita 3¢m, 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

Cnorsba Outside

HEMA M3MEHA

NO CHANGE

0.65

Cnora Outside

YHyTpa Inside

Tepmomsonauuja 10cm, uemeHTHa
Kowysbuia 3cm, TM3 TaBaHwmua 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

MapKeT Ha Nenky 2.2cm, LeMeHTHa
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
Kowysbuia 3cm, TM3 TaBaHwmua 20cm
ManTep 2cm, Tepmousonauuja 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 KoLy buua 3¢m,
Tepmowusonaumja 2cm, xuapovsonauuja 1cm,
HabujeHn 6eToH 10cm, WibyHak 10cm

parquet 2.2cm, cement screed 3cm, thermal
insulation 2cm, hydro insulation 1cm,
rammed concrete 10cm, gravel 10cm

0.44

Cnospa Outside

YHyTpa Inside

TepmMovonaumja 25cm, LemMeHTHa KoLy biLa
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 Nnenky 2.2cm, LeMeHTHa
Kowysburua 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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Cknornosu 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

[lpBeHn ca ABOCIOjHIM M30NALMOHNM
CTaK/I0-MAKeTOM, NacTUHa ec/iuHzep
ponetHa

Wooden, double glazed unit, plastic roller
blind

YHanpeherbe 1 Improvement 1

[lpBeHU ca ABOCNOjHIM U3051aLMOHM

HICKOEMUCVOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

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

YHanpehetrbe 2 Improvement 2

[1BL| 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
[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 rpejatba 1 npunpeme Torse Boge Heating and hot water system

CwucTem 3arpeBatba
npocTopuja

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 rpejarsa,
KOHIEH3aLUMOHWM 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 rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme
TOonne Boae

Hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
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

/3onoBarbe dpacapHvx 31[oBa KOHTAKTHOM TepMOM30mnaUMoHOM dacafom. VI3onoBare XOPU3OHTanHe KOHCTPYKUMje W3Haf HerpejaHor
npocTopa. V3onoBarbe XOPU3OHTANIHE KOHCTPYKLMjE Mpema HerpejaHoM TasaHy. Yrpafhba HOBUX APBEHMX MpO30opa ca ABOCIOJHUM
11301aLMOHMM HVCKOEMUCUOHVIM CTaKO-NakeTom. @ VIHCTanauwja LeHTpanHor cUcTema rpejarba v nprnpeme Tornie caHuTapHe Bode ca
HUCKOTEMMePaTYPHUM KOTSIOM Ha 3eMHM rac. HuCKoTemnepaTypHU CUCTEM rpejakba Ca M30M10BaHKM LEBHUM BOLOBMMA U BPEMEHCKMM/
TeMnepaTypHIUM 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.

V3onosarbe $acagHUX 3vAOBA KOHTAKTHOM TEPMOM30NaLMOHOM (acafom. M30n0Batbe YHYTpalkbUX 3MAOBA Ka HerpejaHoM mpocTopy.
/130n0Batbe XOpU30oHTaNHe KOHCTPYKLM]E M3HAA HErpejaHor NPOCTOpa. V130110Barbe XOPY30HTaNIHe KOHCTPYKLMje Npema HerpejaHom TaBaHy.
PekoHCTpyKUMja CnojeBa noja Ha Ty ca [JoAaBarem TepMOM30NaLMOoHOr Crioja. Yrpadka HoBMx nposopa of MBL npoduna ca TpocnojHnm
113071aLMOHNM HYCKOEMUCUOHWMM CTaKO0-NakeToM. Yrpaaba HOBUX TEPMOV30M0BaHUX BpaTa. ® VHCTanauwja LeHTpanHor cuctema rpejatba
¥ NpUNpeme ToMMe CaHWTapHe BOfE Ca KOHAEH3ALMOHVIM KOT/IOM Ha 3eMHW rac. MIHCTanauwja JONyHCKOr CYCTeMa ConapHUX KONeKTopa 3a
NOAPLLIKY Y NPUNpemn Tomne CaHTapHe Boze.

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




HauwmoHanHa tvnonoruja ctambernx 3rpapa Cpouje National Typology of Residential Buildings in Serbia

YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *
MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHK ryouum 300 300 300
enemeHaTa TepMUYKOTr

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 ||
12 3 4 5 6 7 1 2 3 4 5 6 7 1T 2 3 4 5 6 7

1 — Cnosmalutby 31z, 2 — Mpo3opwu, 3 — BpaTa, 4 — 3uy Ka HerpejaHom NpocTopy, 5 — MehycnpaTHa KOHCTPYKLMja 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]

EHepreTckun paspeq

; | ) I

Energy class

CneymndunuHa rogmiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ene. [ w0 ][] 2
& e 1

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

* npema lMpaBunHUKy 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 rpejatba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

NocTojehe cTare Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja noTpebHa 3a
rpejarbe
Heating energy _ - St . GBS
demand [ A A Y A [ e O [ e O

0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
Fuel Yram lac lac

Coal Gas Gas
MpymapHa eHeprutja 15246 9176
- 13% 8%
Primary energy
[KWh]

98661 104731
87% 92%

Emncmja CO,
O, emission o wm ] [Jeos [Hress

[ A A Y A [ e O [ e O
kg 0 50 100% 0 50 100% 0 50 100%

[NoTpouwrsa eHepruje

33 rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mepa

. 84% 90%
Energy consumption

after refurbishment
measures
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F2
F2

MopopaunyHa Kyha y Hu3y

Cnnunm objekTn
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

MospuwnHa (M?) HeTo rpejaHa  80-110 Area (m?) Net heated 80-110
3anpemuHa (m?) HeTo rpejaHa 200-300 Volume (m?3) Net heated 200-300

CnpaTHa Kyha y HK3y, KOMNaKTHe NPaBOYyraoHe OCHO-
Be, Ca 1IBOBOAHMM KPOBOM. TaBaHCKM NPOCTOP 1 NoapymM/
CyTepeH ce He kopwcTe 3a Gopasak. CnosbHM 3K00-
BM CY MacWBHY, 3AaHW MyHOM OMeKOM M ManTepuca-
HW. [1po30opu Cy ApBEHW, CTaHAAPAN30BaHVIX AUMEH3M)a,
Hajuelwhe ca cnomHUM Kanuuma. Cee TaBaHWLe, Na W
noswviunje NpemMa TaBaHy 1 13HaZ NoApyma, Cy MOYMOH-
TaXKHE aPMMPAHOOETOHCKE KOHCTPYKLM]E Ca UCMYyHOM Of
LWYNSbUX ONeKapCKmx 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.



MopoanuHa Kyha y HW3y Ca MacuBHWM dacagHVM
31a0BKMa Of oneke 6e3 Tepmounsonauyje. Kyha ce rpeje
y LenoCTu v Ha TepMOrpamy Ce jacHO MOXe BUAETM rpeja-
HW 1€0 Y OIHOCY Ha HerpejaHu TaBaHCKM npocTop. Hajus-
pakeHWj1 rybuLm TonnoTe ce jaBrbajy Y 30HM apMUPaHo
BETOHCKINX CepKNaxa U HaTNPO30pHUX rpeda. KoHCTpyk-
LMja Nnpo3opa 1 BpaTa je Heoarosapajyha ca n3pasutvm
TOMAOTHUM rybuLmMa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
291

® - nepuog 1981 - 1990. F - period 1981 - 1990

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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballkbn 31A

External Wall

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

Wall to the Adjacent
Building

U (W/m?K)

MNMocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

Mantep 2cm, 3ua of 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,
mantep 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, Tepmousonauuja 20cm,
mMantep 1cm

plaster 2cm, brick wall 38cm, plaster 2cm,
thermal insulation 20cm, plaster Tcm

Cnorsba Outside

1.27 0.27 0.15

[ (9] (] [} [
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Mantep 2cm, 3ug 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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Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpaTHa
KOHCTpYyKLUWja MCnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MebycnpatHa

KOHCTPYKLUWja 13Hag
HerpejaHor nogpyma

Floor Construction
to Unheated Basement

U (W/m?K)

MocTojehe cTarbe Present state

Cnosba Outside

YHyTpa Inside

Tepmomsonaumja 10cm, TM3 TaBaHmua 20cm,
manrep 2cm

thermal insulation 10cm, TM3 slab with
hollow clay block 20 cm, plaster 2cm

0.30

YHanpeherbe 1 Improvement 1

Cnorba 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,
Tepmomsonaumja 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,
manrep 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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3op

Window

U (W/mK)
YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBEHM Ca BOCIOjHM U30M1aLMOHM
CTaK/I0-MaKeTOM, APBEHN Kanum

Wooden, double glazed unit, wooden
shutters

3.00

YHanpeherbe 1 Improvement 1

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

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

1.50

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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

4.00

,ElpBeHa, KpWio Ca TepMoun3onaunoHomM
NCryHOM

Wooden, insulated leaf

1.50

)J,pBeHa, KpWio Ca TepMonsoauoHom
MCMyHOM

Wooden, insulated leaf

1.50

Cuctemu rpejatba v npunpeme Torse 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 crctem rpejarba Ha ApBa,
MUPONUTYKI KOTAO Ca akymynlaTopoM BoAe
3a rpejarbe

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

LleHTpanHu cuctem rpejarba,
KOHIEH3aLUMOHW 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
TOonne Boae

Hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
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. V3onoBare XOPU3OHTanHe KOHCTPYyKUMje M3Haf HerpejaHor
noapyma. Yrpaftba HOBUX APBEHMX MPO30pa Ca [BOC/IOJHMM W30MaLUMOHUM HUCKOEMUCUOHMM CTaKNo-MakeToM. Yrpafrba HOBWX
TEPMOM30/10BaHNX BpaTa. ® VIHCTanaumja LeHTpanHor cucTemMa rpejakba U npunpeme Tornie caHuTapHe BoAe Ca NUPOUTUYKMM KOTIOM
BMCOKOT CTeneHa vckopuwhersa. HickotemnepaTypHm CUCTeM rpejatba Ca 130M10BaHVM LIEBHVM BOLOBMMA Vi BDEMEHCKVIM/TEMMNEPATYPHIM
perynatopyvma.

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.

/130n0Batbe pacafiHUX 3K0Ba KOHTAKTHOM TEPMOWM30MaLMOHOM dacaom. M3onoBarbe 31Ma0Ba Ka CycefiHUM OGjeKTVMa Ca YHyTpalurbe
cTpaHe. V300Batbe XOpM3oHTaNHe KOHCTPYKUMjE M3HAA HerpejaHor nogpyma. JoAaTHO M30M10Barbe XOPU3OHTaIHE KOHCTPYKUMje npema
HerpejaHoM TaBaHy. Yrpaatba HOBKX Npo3opa of MBLL npodurna ca TpOCNOjHUM K30N3aLMOHUM HUCKOEMUCUOHIM CTaKO-NakeTom. Yrpaarba
HOBVX TEPMOM30/10BaHNX BpaTa. ® MHCTanaumja UeHTPasHOr CYCTeMa rpejatba v mpunpeme Tomnse CaHUTapHe BOfe Ca KOHAEH3aUMOHIM
KOT/IOM Ha 3eMHV rac. VIHCTanauwja JoMnyHCKOr C1cTeMa CONapHYX KOMEKTopa 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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 140 140 140
enemMeHaTa TepMUYKor I I
omMOTaya 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 T2 3 4 5 6 12 3 4 5 6

1 - Cnosmalutby 31z, 2 — Mpo3opu, 3 — BpaTta, 4 — 3u Ka cyceiHoM 00jekTy, 5 — MehycnpaTtHa KOHCTPYKLMja Ka HerpejaHom TaaHy,
6 — MehycnpaTHa KOHCTPYKUWMja 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%)
EHepreTckin paspes

; | ) I

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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



® - nepuog 1981 -1990. F - period 1981 — 1990

YHanpeherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejakba — 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

MNpumapHa eHeprija

Primary energy

[KWh]

4684
61%

Emncmja CO,
CO, emission 0
(kal

[loTpowrba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKMX
mepa

Energy consumption
after refurbishment
measures

6077
79%

46%

YHanpehetbe 2 Improvement 2

[ac
Gas

77%
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CrambeHa cnobopgHocTtojeha 3rpaga

Cnnunm objekTn

Similar buildings
ooog
q 0000 1s50%
A oooo
1
2 A

Free-standing residential building

Kateropuja BMLLENOPOAMYHO 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

MospuwnHa (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 4YeTBOpOCMpaTHULA Ca KOCUM KPOBOM
MaHcapaHor Tvna. 31aosu cy npedabprikoBaHy apmu-
PaHOBETOHCKM, "CeHABMY” KOHCTPYKUMje Ca TepMOu30-
NAUMOHUM CNojem U PasAUUUTAM 3aBPLWHKMM 0bpaaama.
Mpo30opun Cy ApBEHW, ABOCTPYKM Ca CMOJeHUM Kpuw-
Ma 1 opmmpajy GacagHe oTBOpe HelTo Behnx AUmeH-
3vja. 3actopu cy "ecnnHrep” poneTtHe. MebhycnpaTHe
KOHCTPYKUMje Cy apMUPAHOOETOHCKE MM NONYMOHTaX-
He, Ca UCMYHOM off Wyr/bhx 6110KoBa. MOTKPOBHa eTaxKa
je ctambeHa. MNofgpymMcke NPOCTOpuje 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 mehycobHMxX
CnojeBa naHena vy marbem obUMy Ha MecTy Mpuxsa-
Ta 3aBplwHor cnoja. Cnojesw nnova Tepaca v GpacagHnx
31[0Ba Ce KapaKTepully W3pasuTUM JUHUJCKAM ryou-
umma. QacagHa ctonapuja penaTueHO noLwer KsanuteTa
Ca YOUbMBMM TOMAOTHUM TyOULMMA HAPOUMTO Y 30HK
KyTWje 3a POneTHy.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]

180

® - nepuog 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 TepMmnykor omoTada Elements of the thermal envelope

Cnosbawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbalkbh 31g 2

External Wall 2

U (W/m?K)

Cnorbalkbh 31 3

External Wall 3

U (W/m?K)

3u Ka HerpejaHom
CTEMEHULTY

Partition Wall to
Unheated Staircase

U (W/m?K)
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MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

[} (] [ [} [ (9]
© ° o © Be) ©
2 B k= g k= g
8 S & S & o
= = =
2 5 2 5 ? 5
= 2 = 2 = 2
(@] U @)
6eTOH 8cm), Tepmonzonalinja 8cm, beToH 6¢cm 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] [} () [} (5} [}
S el hel S hel °
% % 3 & ) %
< 5 < 5 < 5
O O O
g e g pe g =
> 2 > 2 > 2
& e 3 e 3 0
(@] (@] @]
6eToH 8cm, Tepmomsonalija 8cm, petwertkact  HEMA M3MEHA 6eToH 8cm, Tepmou3onaLmja 8cm,
HoCauy /Ba3AyLUHM NPocTop WL, 50cm, ApseHe NO CHANGES Tepmomsonaumja 15cm, peleTkacTy Hocady /
rpeavLe 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] (5} (5} (9] (5} [}
° © © ° © °
% & 5 & 3 &
< 5 < 5 < 5
© @) © O © O
< pe! S pe S pe
e 5 e 5 ? 5
= e PS e = 2
(@] (@] o
manTep 2cm, oneka 6,5cm, Tepmomzonaunja  HEMA M3MEHA ManTep 2cm, oneka 6,5cm, Tepmonsonauuja
4cm, dacagHa oneka 12cm NO CHANGES 4cm, dacagHa oneka 12cm, Tepmowsonaumja
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 ° el S o °
% a3 3 7 3 2
< 5 £ 5 £ 5
© O © O © @]
a © a © a ©
e 5 2 5 B 5
= e = e = 2
@] U @]
6eToH 15cm, nepauT Mantep 2cm HEMA N3MEHA 6eToH 15cm, Tepmonzonalinja 6¢cm, mantep Tcm
reinforced concrete wall 15cm, insulating NO CHANGES reinforced concrete wall 15cm, thermal
plaster perlite 2cm insulation 6¢m, plaster Tcm
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 M3Haa
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)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnosba Outside

6eToH 15cm, TepMom3onaumja 5cm,
xuapomsonauuja 1cm, oneka 6,5cm
reinforced concrete wall 15cm, thermal
insulation 5cm, hydro insulation 1cm, brick
6.5cm

0.39

YHyTpa Inside

Cnosba Outside

Namest napkeT 1¢m, Lem. KoLwysbimua 4cm,
3BYyYHa n3onaumja 2cm, Ab nnova 14cm,
Tepmovionaumja 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

Tepmow3onaumja 6¢cm, Ab nnoya 14cm
thermal insulation 6¢m, reinforced concrete
slab 14cm

048

YHanpeherbe 1 Improvement 1

(5} [}

hel hel

£ g

2 :

£ 2

= g
()

HEMA V3MEHA

NO CHANGES

0.39

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA
NO CHANGES

048

Cnosba Outside

YHyTpa Inside

TepmMomsonauwja 15cm, Tepmonsonaumja 6¢cm,
AB nnouva 14cm

thermal insulation 15cm, thermal insulation
6cm, reinforced concrete slab 14cm

0.15

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.39

YHyTpa Inside

Cnospa Outside

Namen napkeT 1¢m, Liem. KoLysbuLa 4cm,
3BYYHa m3onauvja 2cm, Ab nnova 14cm,
Tepmowsonauwja 15cm, mantep Tcm

parquet Tcm, cement screed 4cm, thermal
insulation 2cm, reinforced concrete slab
14cm, thermal insulation 15cm, plaster 1cm

0.20

Cnosba Outside

YHyTpa Inside

TepmMow3onaumja 25cm, Tepmonsonaumja 6¢cm,
AB nnoyva 14cm

thermal insulation 25cm, thermal insulation
6cm, reinforced concrete slab 14cm

0.1
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBeHW, 1BOCTPYKM Ca CMOjEHVM KpUvMa
1 jeIHOCTPYKMM CTakIoOM. [1nacTnyHa
ec/luHeep poneTHa

Wooden, single frame, connected double
sash with single glazing. Plastic roller blind

YHanpeherbe 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HICKOEMUCUOHUM CTaKNO-MakeTom
MyHEHUM UHEPTHIIM racoM

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor

308

JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[larmHcKo rpejarbe Ha GocunHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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.



® - nepuog 1981 - 1990. F - period 1981 - 1990

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

Cuctem npunpeme

Tonsne Boae

Hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme

- noBesaH Ca CMCTeMom rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n

Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CMPemMHNKOM y NOACTaHMLN. 3metrbrBay 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. Yrpafirba HOBMX APBEHMX MPO30pa Ca [BOC/IOJHUM M30NaLMOHIM
HUCKOEMICMOHUM CTako-NakeToM. ®  Yrpafjrba TEPMOCTATCKMX BEHTMA MO CTaHOBKMa. MoaepHW3aLmja NoACTaHWLe YrpaiOoM ChcTema
3a perynauujy NpoToka npema CnosbHoj TeMnepaTypy 1 Mepersem UCNopyyeHe eHeprije. Hannata npema NoTpoLHsi MEePEHO) Y MOACTAHNLM.
Yrpagatba LieHTpanHor cvcteMa npunpeme Tonse BOAE NMOBE3aHOr 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.

V13onosarse pacasHyX 3180Ba KOHTAKTHOM TEPMOW30MALIMOHOM dacafiom. M3010Barbe yHyTpaLlbyiX 3MA0Ba NPeMa HerpejaHom NpocTopy
(xonHuK/CcTeneHuwwTe).  V130n0Batbe XOPU3OHTANHMX KOHCTPYKLUMja Npema HerpejaHom MofpyMy W TaBaHy. Yrpadrba HOBUX Mpo30pa Of
MBL, npodwna ca TPOCOJHUM M30NALUMOHUM HUCKOEMUCUOHIMM CTaKO-MaKeToM. Yrpadba HOBUX METASHMX TEPMOV30/10BaHNX BpaTa. @
Yrpaatba TEPMOCTATCKYX BEHTINA NO CTaHOBMMA. MOAepHY3aLmMja NOACTaHMLE YrPpaHOM CCTeMa 3a perynalumjy NpoToka npema CrosbHoj
TEeMNEePaTypy 1 MeperbeM UCMopyyeHe eHepruje. Yrpagrba Mymne ca NPOMEHSbYBMM NMPOTOKOM 1 O4YMTaBakbem MOTPOLWHe eHepruje.
Hannata npema NoTpOwWH K MePeHoj y NOACTAHMUN. Yrpazitba LIeHTPAHOr CUCTeMa NpUnpenMe Torne BOAE NOBE3aHOr Ca CUCTEMOM rpejatba,
Ca JONYHCKMM CCTEMOM COMAPHYIX KONEKTOPA 3a MOAPLIKY Y NPUNPeMy TOMIe CaHUTapHe BOAE.

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.
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YHanpehetbe TepMUUYKOT OMOTava — eHepreTcky bunaHc * Thermal envelope improvement — energy balance *

MNocTojehe cTarbe Present state YHanpehetbe 1 Improvement 1

TonnoTtHW ryéunum 1400 1400 1400
eniemeHata TepMUYKor
OMOTaYa 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

CneyndwnuHa rogmitba
notpebHa eHepruja 3a
rpejarce

Specific Heating Energy
demand per year

[kWh/m?/ roauiitbe]
[kWh/m?/ year]

EHepreTcku paspeq

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 — MehycrnpaTtHa KOHCTPYKUWMja U3Hag HerpejaHor noapyma, 7 — MehycnpaTHa KOHCTPYKUMja Ka HerpejaHom TaBaHy, 8 —og 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 lMpaBunHUKy 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 rpejarba — eHepreTckn 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
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, docunHa
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%

[oTpowrba eHepruje

3a rpejakbe HakoH

npuMeHe rpaheBrHCKINX

1 TEPMOTEXHUUKMX

mepa

Energy consumption gk
after refurbishment

measures
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CrambeHo-NoCNoBHa 3rpada tmna
JlaMéena

Cnnunm objekTn
Similar buildings

<50%

ooo
ooo

)

Mixed use building — lamela

Kateropuja BULLENOPOAMYHO CTaHOBarbe  Category multy-family housing
[oavHa n3rpagHe 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

MosplwnHa (M?) HeTo rpejaHa  1200-1500 Area (m?) Net heated 1200-1500
3anpemuHa (m?) HeTo rpejaHa 3000-4000 Volume (m?3) Net heated 3000-4000

CrambeHa Namena - BWWeCNpaTHMLA Ca KOCUM 1
MaHCapAHVM KPOBOBMMA. 3WLOBW Cy PasINYMTUX CKIIO-
noBa ¥ 3aBPLWHUX 0Opafa, anv mo Npasuy ca Tepmo-
30M1aLMIOHNM CIIOjeM KOjU He 33[j0BO/baBa CaBpemeHe
ctaHpapge. Mpo3opw Cy yrnaBHOM APBeHK, Ca CrojeHnM
KPWIMMa 3aCTakIbeHMM JeAHOCTPYKMM CTaKIOM. 3aCTOpw
Cy'y BMAY MNacTUYHWX "ecnnHrep” poneTtHu. MehycnpatHe
KOHCTPYKLMje Cy apmMMpaHObeTOHCKe, ca (He3anososba-
Bajyhm) TepMoM30naLMOHNM CI0jeM NMPema HerpejaHmm
npocTopuma. oapymcke NpocTopuje ce He KopucTe 3a
6opaBak, Npu3emba Cy NPeTEXHO CTaMbeHa, a MOTKPOB-
Jba roTOBO Y MOTAYHOCTV 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.



CrambeHa namena marepujanv3oBaHa y dacafHoj
oneuu. TepMorpam nprkasyje npumeTHe ryomTke Tonsno-
Te y 30HaMa XOPW3OHTANHWX, HarnalweHux, apmupa-
HO GETOHCKMX CepKfaxa OfjHOCHO Ha MeCT1Ma nponac-
Ka Tepaca Kpo3 Tepmuyki omoTay. PacagHa ctonapvja
je y nouem CTarby Ca ¥3pasuTumM TOMNOTHVM ryouLMMa
HAPOUMTO Y 30HV KyTWja 3a poneTHy. [pumMeTHY Cy r3pa-
31TV [oBULM TOMNOTe Of CONApHOr 3payetba Ha NUGT
Kyhuuama.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
181

® - nepuog 1981 - 1990. F - period 1981 - 1990

A residential lamela building materialized in facade
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 TepMmnykor omoTada Elements of the thermal envelope

Cnosbawmbn 3ug 1

External Wall 1

U (W/m?K)

Cnosbalwby 3ug 2

External Wall 2

U (W/m?K)

3u Ka HerpejaHom
CTEMEHNLTY

Partition Wall
to Unheated Staircase

U (W/m?K)

31 Ka CycefiHoj
namenw (aunatauuja)

Wall to the Adjacent
Entrance (Dilatation)

U (W/mZK)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

[} (] [ [} [ (9]
° ° ° ° © °
2 g £ g 2 g
g < 8 2 8 S
= 2 = i > 2
= 2 = 2 = 2
(@] (@) (@]
6eToH 15cm, Tepmowm3onaumja 5cm, cunvkatHa  HEMA M3MEHA HEMA U3MEHA
oneka 12cm NO CHANGES NO CHANGES
reinforced concrete wall 15cm, thermal
insulation 5cm, silicate brick 12cm
0.60 0.60 0.60
[} (9] [ [} [ (9]
° ° ° ° ° °
2 g 2 g 2 £
2 S & < 8 S
= 2 = @ = 2
= g = 2 = g
(@] (@) (@]
rvncaHe nnode 7cm, Tep nanvp, HEMA U3MEHA HEMA U3MEHA
TepmMov3onaLmja 5cm, oneka 12cm, NO CHANGES NO CHANGES
NOTKOHCTPYKUMja OA fAipBeTa (y vi3rneay) Ha
60cm / Ba3gyx 40cm, NonpeyHe netse, 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)
0.55 0.55 0.55
[} (] [ [ [ (9]
° ° ° ° ° °
2 2 2 g 2 g
g 5 B S 8 S
£ i g i S i
&3 e 3 e 2 2
(@] (@) (@]
6eToH 15cm HEMA N3MEHA 6eToH 15cm, Tepmousonaumja 6¢m, runc
reinforced concrete wall 15cm NO CHANGES KapTOHCKe nfoye 1.25cm
reinforced concrete wall 15cm, thermal
insulation 6cm, gypsum board 1.25cm
3.09 3.09 047
(] [} [} (9] (5} [}
° ° ° ° ° °
2 g = g = g
5 : B s B S
> & > 2 > 2
= 2 = 2 = 2
(@] (@) (o]
Mantep 2cm, cmnopekc 25cm, Basgyx 10cm,  HEMA MI3MEHA ManTep 2cm, cunopekc 25cm, nrbekTrpajyha
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
1.05 1.05 0.22
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)
MebhycnpatHa
KOHCTPYKLIWja NCMOA
HerpejaHor NpocTopa
(TaBaH)

Floor Construction
to Unheated Area
(Attic)

U (W/mZK)

Koc kpos

Pitched Roof

U (W/mZK)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

namen napket 1cm, LiemeHTHa KoLLybiLa
4cm, nnyTadoH 1Tcm, OMHIA TaBaHuMua 19cm,
Tepmomzonaumja 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

0.53

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

0.49

Cnosba Outside

YHyTpa Inside

Tep nanvp, Tepmomsonauja 10cm,
Tepmowmsonauuja 6¢cm, OMHVA TasaHmua 19cm
roofing paper, thermal insulation 10cm,
thermal insulation 6¢m, OMNIA semi-
fabricated reinforced concrete slab 19cm

0.20

Cnospa Outside

YHyTpa Inside

€TEPHMT NNoYe, NonpeyHe feTse, Tep nanuvp,
[allyaHa nogora 2,5cm, por 10/14cm Ha
100cm / Bazayx 4 cm+ Tepmomsonaumja 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

€TEePHNT NyoYe, NONPeYHe NETBE, Tep Nnanmp,
[allyaHa nognora 2,5cm, por 10/14cm Ha
100cm / Basgyx 4cm-+ Tepmowsonaumja 10cm,
Tepmomzonauuja 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

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

namen napkeT 1¢m, LieMeHTHa KoLy buLa
4cm, nnyTadoH Tcm, OMHIA TaBaHmMua 19cm,
Tepmom3zonaumja 4cm, pabuu ManTep 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

Cnospa Outside

YHyTpa Inside

Tep nanvp, Tepmowzonaumja 20cm,
Tepmowzonaumja 6¢cm, OMHWA tasaHmua 19cm
roofing paper, thermal insulation 20cm,
thermal insulation 6cm, OMNIA semi-
fabricated reinforced concrete slab 19cm

013

Cnospa Outside

YHyTpa Inside

€TEePHUT NNIoYe, NoNpeYHe NeTse, Tep nanup,
[fallyaHa nognora 2,5cm, por 10/14cm Ha
100cm / Basgyx 4cm-+ Tepmowsonauuja 10cm,
Tepmonzonauuja 14cm, MBL donuja, rmnc
KapTOHCKe nnove 1.25¢cm

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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBeHW, 1BOCTPYKM Ca CMOjEHVM KpUvMa
1 jeIHOCTPYKMM CTakIoOM. [1nacTnyHa
ec/luHeep poneTHa

Wooden, single frame, connected double
sash with single glazing. Plastic roller blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor

316

JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[larmHcKo rpejarbe Ha GocunHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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 rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CMPemMHNKOM y NOACTaHMLN. 3metrbrBay 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

YHanpehetbe 1 V13010Batbe XOPU3OHTAHE KOHCTPYKLMjE MpemMa HerpejaHoM TasaHy. [loAaTHO M307I0Barbe KOCOT KPOBa Ca yHyTpawtbe CTpaHe. Yrpadrsa
HOBMX APBEHVX MPO30Pa Ca ABOCMOJHMM M30MALMOHUM HUCKOEMUCYOHUM CTAKNO-MakeToM. @  Yrpadrba TePMOCTATCKUX BEHTWNA MO
CTaHoBMMa. ModepHy3auja NOACTaHNLE YTPaArOoM CUCTEMA 3a PerynaLujy NPOTOKa NpewMa CrorbHOj TEMMepaTypy v Meperem UCTIopyYeHe

Improvement 1 eHepruje. Hannata npema noTpoubi MepeHoj y MoACTaHULM. Yrpaztba LeHTPANHOT CUCTeMa NpUnpemMe ToMsie BOAE MOBE3aHOT 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.

YHanpeherse 2 V30n08Batbe 3110Ba Ka CyceiHoj namenn y6prarasatbem TepmomsonaLivje y mehynpocTop avnatauje. M3onosarbe yHy TpaLLbIX 3083 Npema
HerpejaHoM NPOCTopy (XOAHWK/CTeneHnILTe). VI30110Barbe XOPV30HTaHVIX KOHCTPYKLUMja M3Hay OTBOPEHOr NPOCTOPa 1 Mpema HerpejaHom
NOAPYMY 1 TaBaHy. [J0faTHO M30M0Bakbe KOCOr KPOBa Ca yHyTpalltbe CTpaHe. Yrpadka Hosux npo3opa o MBLl npoduna ca TpocnojHnm

Improvement 2 V30NMaLMOHNM HUCKOEMMCOHUM CTaKno-NakeToM. Yrpadrba HOBMX METanHUX TepMOM30iOoBaHVX BpaTa. @  Yrpadrba TepMOCTaTCKMX
BeHTUNa No CTaHoBMMa. MofiepHM3aLmMja NOACTaHMILIE YrPa/HOoM CHcTeMa 3a perynalinjy NPoToka Npema CrosbHOj TeMnepaTypu 1 Mepebem
McnopydeHe eHepruje. Yrpaara Mymne ca NPOMeH/bMBUM MPOTOKOM U OYMTaBarbeM NoTpoLrbe eHeprije. Hannata npema NoTpoLkby
MepeHoj y NoACTaHMLM. Yrpaarba LeHTPanHOr cucTema npunpeme Tomfe Bofe NOBe3aHOr Ca CUCTeMOM rpejarba, Ca AOMYHCKVIM CUCTeMOM
CONapHYIX KONEKTOPa 3a NOAPLIKY Y MPUNPEMU TOMe CaHUTapHe Bofe.

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

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

YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 300 300 800
efemeHaTa TepMUYKOr
OMOTaua 3rpage 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
123 456 7 89 1 23 456 7 89 123 456 7 89

1 — Cnosvallikn 3ug, 2 — Mpo3opw 1 6ankoHcKa BpaTa, 3 — YnasHa Bpata, 4 — 31A Ka HerpejaHom CTenenunwTy, 5 — 3uf Ka cyceHoj namenn/
avnatauuja, 6 — MehycnpaTHa KOHCTPYKUMja 3Hag HerpejaHor nogpyma, 7 — MehycnpaTtHa KOHCTPYKLMja M3Hag OTBOPEHOr MPOCTopa,
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%)
EHepreTckin paspes

- | ) | ) c

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 edukacHoCcT 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 — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTarbe Present state YHanpebhetbe T Improvement 1 YHanpeherbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarce
Heating ener [ e ] [ e ] [ enso |
demangd e [ A A Y A [ e O [ e O
0 50 100% 0 50 100% 0 50 100%
[KWh]
EHepreHT
- [amuHcko, docnnHa [NamuHcko, docnnHa [amunHcko, docunHa
Fuel ropunea ropuea ropunea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[pvmapHa eHepruja

Primary energy 110683
36%
[KWh]
[

189105
62%

Emncmja CO,

CO, emission
[ I ) O A N R A
100% 0 50 100%

[
0 50

| [ N
t] 0 50 100%

lNoTpouwmsa eHepruje

3a rpejarbe HakoH

npumMeHe rpaheBrHCKINX

1 TEPMOTEXHUUKIX

mMepa

Energy consumption a2t
after refurbishment

measures
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®5
F5

CrambeHO-MNOCNOBHa 3rpaga y
OKBUPY rpagckor 6noka

Cnnunm objekTn
Similar buildings

oooo
0000 1>50%
oood

A D>

Mixed use building in a row

Kateropuja BMLLENOPOAMYHO 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

MosplwnHa (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 TpaguuUMOHANHOM TPaACKOM
610Ky Ca KOCUM 1 MaHCapAHVIM KPOBOBMMA. 3MA0BU CYy
Pa3MUUTIX CKIOMOBa W 3aBPLHKX 0bpaja, ca Tepmo-
130MaLMOHMM CII0jeM KOjU He 3af0oBOsbaBa CaBpemMeHe
CTaHaapae. Mpo3opu cy yrnaBHOM ApBeHy, pehe anymu-
Hujymckm v TBL. 3acTtopu cy nnactnyne "ecnvHrep”
poneTHe. TaBaHuLe Cy apMMpPaHOOETOHCKe, NMBEHE Ha
ALY MecTa wnu MonymMoHTaxkHe. [pema HerpejaHum
npocToprMa NocToju (HesanoBosbagajyhi) Tepmonsona-
UMoHw cnoj. MNoapymcke npocTopuje ce 4ecTo KopucTe
3a bopaBak, y Npr3emsby Ce Hanase CTaHOBM W JIOKanu, a
MOTKPOB/bA Cy FOTOBO Y MOTMYHOCTV 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.



CrambeHa 3rpaga ca dacajom M3BeLeHOM Y Buy
KOMOVHaUKWje pPa3nnunTVX Matepujana ca yrnaBHOM
HeoAroBapajynm TepMUUKMM KapakTepucTikama. Ha
TepMorpamy Cy NpUMETHW ryouLM TONNoTe Y 30HM CBUX
ApPMMPaHO BETOHCKIX CepKaxa Kao 1 Ha MeCTrMa Croje-
Ba nnoya Tepaca W dacagHor 3uaa. GacagHa ctonapwja
PEenaTvBHO NOLWEr KBaNUTETa Ca NPUMETHUM TOMIOTHWM
ryonumma.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
167
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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)]
17

<100

<150

<200

<250

> 250
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Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

Crosbalwrby 3ug 1 3 ke 8 g 5 5
- £ - g z
© O © O © @]
[oR [oR [oR
External Wall 1 s 2 = 2 g 3
= 2 = 2 = 2
(@] (@) (@]
ManTep 2cm, MyHa oneka 25¢m, HEMA NU3MEHA HEMA U3MEHA
Tepmow3onaumja 3cm, cunmkatHa oneka 12.cm - NO CHANGES NO CHANGES
plaster 2cm, solid brick wall 25cm,thermal
insulation 3cm, silicate brick 12cm
U (W/mZK) 061 061 061
Crosballtby 3ua 2 3 ke 8 8 5 5
- £ - g z
© @) © O © @]
[oR [oR o
External Wall 2 = 3 S 3 £ a
= e = e = e
(@] (@) (@]
ManTep 2cm, Wynsba oneka 25cm, HEMA U3MEHA ManTep 2cm, Wynsba oneka 25cm, Tepmo-
Tepmow3onaLmja 3cm, Wynsba oneka 12cm, NO CHANGES 130Malja 3cm, Wynsba oneka 12cm, mantep
Mantep 2cm 2cm, Tepmomsonaupja 10cm, mantep 1cm
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
U (W/m2K) 047 047 0.19
31 Ka HerpejaHom b e e b e e
cTeneHnTy - E - 3 - E
aQ P Q © Q o
— = = =
: s £ s 2 5
Tt > > >
Partition Wall 5 5 5
to Unheated Staircase ManTep 2cm, oneka 25cm, Mantep 2cm HEMA M3MEHA ManTep 2cm, oneka 25cm, mMantep 2cm,
plaster 2cm, brick wall 25cm, plaster 2cm NO CHANGES Tepmou3sonauuja 6¢m, Mantep 1cm
plaster 2cm, brick wall 25cm, plaster 2cm,
thermal insulation 6cm, plaster 1cm
U (W/m2K) 146 146 040
3uay Ty pe! 3 3 2 3 bl
_ 2 B 2 B 2 g
© O © O © @]
[oR [oR [oR
Basement Wall £ 2 & 2 S 2
= 2 = 2 = g
(@] (@) (@]
apMvpaHn 6eToH 25cm, Tepmow3sonalmja 5 HEMA N3MEHA HEMA N3MEHA
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
U (W/m2K) 030 030 030
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpYyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/m?K)

MehycnpatHa
KOHCTPYKLIMja 13Hag
OTBOPEHOr MPOCTOpPa
Floor Construction to
Outside Area

U (W/mZK)

MebycnpatHa
KOHCTpYKLUMja ncrnop
HerpejaHor npocTopa
(TaBaH)

Floor Construction

to Unheated Area
(Attic)

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnospa Outside

Kepammyke nnodne 1cm, LemeHTHa
Kowysbuua 4cm, AB nnoua 14cm, mantep 2cm
ceramic tiles 1cm, cement screed 4cm,
reinforced concrete slab 14cm, plaster 2cm

2.30

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside

Kepammyke nnouumue 1cm, LemMeHTHa
Kowysbmua 4cm, AB mnova 14cm, mantep 2cm,
Tepmomzonaumja 10cm, mantep 2cm

ceramic tiles Tcm, cement screed 4cm,
reinforced concrete slab 14cm, plaster 2cm,
thermal insulation 10cm, plaster 2cm

0.32

YHyTpa Inside

Cnospa Outside

napkeT 1cm, LeMeHTHa KoLy blilia 3¢m,
nnytadoH Tcm, TM3 TaBaHu1ua 20cm,
Tepmovsonaumja 10cm, mantep 2cm
parquet 1cm, cement screed 3cm, cork sound
insulation, TM3 slab with hollow clay block
20cm, thermal insulation 10cm, plaster 2cm

035

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.35

Cnospa Outside

YHyTpa Inside

nakoapmvipaHa kowysbuua 3cm, MNE dponuja,
Tepmovsonauunja 5¢cm, TM3 TaBanumua 20cm,
Mantep 2cm

reinforced cement screed 3cm, PE foil, thermal
insulation 5cm, TM3 slab with hollow clay
block 20cm, plaster 2cm

053

Cnosba Outside

YHyTpa Inside

NakoapmypaHa KowysbuLa 3cm,
Tepmowsonaumja 10cm, nakoapmypaHa
Kowysbuua 3cm, ME dponvja, Tepmonsonaumja
5cm, TM3 TaBaHmua 20cm, mantep 2cm
reinforced cement screed 3cm, thermal
insulation 10cm, reinforced cement screed
3cm, PE foil, thermal insulation 5cm, TM3 slab
with hollow clay block 20cm, plaster 2cm

0.21

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

Kepammnyke nnoduue 1cm, LemeHTHa
Kowysbuua 4cm, AB nnova 14cm, mantep 2cm,
Tepmovzonaumja 20cm, mantep 2cm

ceramic tiles Tcm, cement screed 4cm,
reinforced concrete slab 14cm, plaster 2cm,
thermal insulation 20cm, plaster 2cm

0.18

YHyTpa Inside

Cnospa Outside

napKeT 1cm, LieMeHTHa KoLysbiLia 3cm, nny-
TaoH 1cm, TM3 TaBaHmMLa 20cm, Tepmoun3ona-
umja 10cm, mantep 2cm, Tepmorsonauvja 10cm,
LilemeHTHe nnoye 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

0.18

Cnospa Outside

YHyTpa Inside

nakoapmvpaHa Kowysbrua 3cm,
Tepmom3sonauuja 20cm, nakoapmmpana
Kowwysbmua 3cm, ME donvja, Tepmomnzonaumja
5cm, TM3 T1aBaHmua 20cm, mantep 2cm
reinforced cement screed 3cm, thermal
insulation 20cm, reinforced cement screed
3cm, PE foil, thermal insulation 5cm, TM3 slab
with hollow clay block 20cm, plaster 2cm

0.13
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBeHn ca ABOCIIOjHIM M30NALMOHNM
CTaK/I0-MaKeToM, NacTyHa ec/iuHeep
ponetHa

Wooden, double glazed unit, plastic roller
blind

YHanpeherbe 1 Improvement 1

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

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor
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JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[larmHcKo rpejarbe Ha GocunHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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 rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CMPemMHNKOM y NOACTaHMLN. 3metrbrBay 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

Yranpeberbe 1 /130M0BaHe XOPV3OHTaNHUX KOHCTPYKLMja NpeMa HerpejaHoM MOApPYMy W TaBaHy. Yrpajirba HOBUX APBEHMX NPO30pa Ca /IBOCAOJHUM
V30MALMOHIM HUCKOEMICHOHIMM CTakiIO-NakeToM. @  Yrpajba TEPMOCTATCKVX BEHTUMA MO CTaHOBMMA. MopepHnsaumja NoACTaHMLe
yYrpaArboM CUCTeMa 3a peryalijy NpoToka Mpema CriosbHOj TEMNEepaTypy 1 Meperem UCropyueHe eHepruje. Hamnata npema noTpoLHy

Improvement 1 MepeHoj y NOACTaHMLM. Yrparba LieHTPaHOT C1CTeMa npunpeme Tomne Bode NOBe3aHor ca CUCTeMOM 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.

YHanpeherse 2 130noBarbe fena dacafHnX 3180Ba KOHTAKTHOM TePMOM30M1aLUMOHOM Gacafiom. 13010Batbe yHy TpaLlb X 3MA0Ba NPema HerpejaHom npocTopy
(xonHMK/CTeneHuwTE). VI30n0Barbe XOPU3OHTaNHe KOHCTPYKLMje 1M3Hah OTBOPEHOr Mponasa. V3onosarbe XOPW3OHTaNHUX KOHCTPYKUWja
npema HerpejaHoM NOAPYMY 1 TaBaHy. Yrpaarea HoBvx npo3opa oA MBLL npodurna ca TpoCojHUM M30M1aLMOHMM HUCKOEMUCUOHUM CTaK/o-

Improvement 2 naketom. Yrpajrba HOBUX METafHMX TEPMOK30OBaHMX BpaTa. @  Yrpaftba TEPMOCTATCKMX BEHTUNA MO CTaHoBMMa. MopepHy3aumja
NOACTaHNLE yrpaArbOM CUCTEMa 3a PerynaLmjy NpoToka npema CrosbHOj TeMnepaTtypu 1 MeperbeM UCNopyyeHe eHepruje. Yrpadra nymne
Ca NPOMeHSbUBIMM MPOTOKOM 1 OUMTaBarbem NOTPOLLIHe eHepruje. Hannata npema NoTpoLUtbW MePeHO] y NOACTAHWUM. Yrpatba LeHTpanHor
cvcTeMa npunpeme Torie BOAE NOoBe3aHor ca CUCTEMOM rpejatba, Ca AOMYHCKUM CUCTEMOM CONapHX KONEKToPa 3a NOAPLIKY Y Npunpemm
TOMMe 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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YHanpeherbe TepMUUKOT OMOTava — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

MocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TornotHu ryuum 1000 1000 1000
enemMeHaTa 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 KOHCTPpyKUWMja M3HaA HerpejaHor npocTtopa, 7 — MehycnpaTHa KOHCTPYKLMja M3Haz OTBOPEeHOr NpocTopa, 8 — MehycnpatHa
KOHCTPYKLMja Ka HerpejaHom TaBaHy, 9 — [oa Ha Tny
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
EHepreTckun paspeq

- | ) | ) c

Energy class

CneymndunuHa rogmiltba
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 lMpaBunHUKy 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 rpejarba — eHepreTckn 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
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, docunHa
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%

[oTpowrba eHepruje

3a rpejakbe HakoH

npuMeHe rpaheBrHCKINX

1 TEPMOTEXHUUKMX

mMepa 46%
Energy consumption

after refurbishment

measures
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D6
F6

CTambeHo-NoCNoBHa 3rpaaa BenmKke
CNPaTHOCTU - CONUTEpP

Cnnunm objekTn
Similar buildings

oooo
0000 [ss00%
~ > oooo

Mixed use high-rise building

Kateropuja BMLLENOPOAMYHO 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 npedabprKoBaHN apMMPaHOOETOHCKMY,
"CeHABMY" KOHCTPYKLMje Ca TePMOM30MaLMOHINM Crojem
KOjW He 330BOSbaBa CaBpemeHe cTaHfapae. MacagHu
OTBOPW Cy NojeAnHaYHK, 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 1y CK/OMY PaBHWX KPOBOBA. [oApym ce He KopucTu
32 6opaBak, a y Npu3emsby ce Hanase CTaHOBW 1 KOMep-
UnjanHm cagpajn.

Aresidential high-rise tower with a relatively complex
floor plan, a flat roof and a recessed roof floor. The fagade
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 Of
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.
Cnojesy nnoya Tepaca v GacafHux 3140Ba Ce KapakTe-
pULY TMPUMETHUM JMHUJCKMM ybuumma. OpuriHanHa
dacafHa cTonapwja je nower KganuteTa ca NPYMETHUM
TOMAOTHUM rybuLmma.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]

179

® - nepuog 1981 - 1990. F - period 1981 - 1990

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 TepMmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

[} (] [ [} [ (9]
Cnorbawtbh 3mg 1 pe b pe pe b S
C = e = e k=~
- s 3 s S = 3
External Wall 1 £ 3 £ 3 £ a
= 2 = g = 2
5 S 5
6eToH 16cm, TepMowm3onaumja 6cm, 6eton 6cm  HEMA M3MEHA 6eToH 16cm, Tepmomn3sonaunja 6¢cm, 6eToH
reinforced concrete 16cm, 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/m2K) 058 058 0.20
(9] [} () [} (5} [}
Cnosbalkbh 31g 2 e he b pe b e
C = C = C =
- = 3 = S = 3
External Wall 2 £ 3 £ i s 3
= e = o = e
5 5 5
6eToH 8cm, Tepmonzonalinja 6cm, 6eToH 6¢cm HEMA N3MEHA 6eToH 8cm, Tepmou3onaLmja 6¢cm, 6eToH 6¢m,
reinforced concrete 8cm, thermal insulation NO CHANGES Tepmomsonauwja 12cm, mantep Tcm
6¢cm, reinforced concrete 6cm reinforced concrete 8cm, thermal insulation
6¢m, reinforced concrete 6¢cm, thermal
insulation 12cm, plaster Tcm
U (W/m?K) 059 059 0.20
[} (] [ [ [ (9]
Cnosbalbn 3ug 3 e e e e e e
c = o = o =
External Wall 3 £ 3 £ 3 5 2
I IS I o I 9
= c = c = c
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/m2K) 1.76 1.76 0.27
314 Ka HerpejaHom b e © o e b
C = C = C =
cTeneHunwTy 1 - 3 - E = E
_ e 3 2 3 o 3
. k3 s 2 s 3 0
Partition Wall 5 5 5

to Unheated Staircase 1 geron 22cm
reinforced concrete wall 22cm

U (W/m?K) 283

6eToH 22cm, Tepmou3sonaurja 5cm
rUNC KapTOHCKe naoye 1.25 cm
reinforced concrete wall 22cm, thermal
insulation 5cm, gypsum board 1.25cm

0.53

6eToH 22cm,Tepmonsonauja 5cm
rUNC KapToHCKe nnoye 1.25 cm
reinforced concrete wall 22cm, thermal
insulation 5cm, gypsum board 1.25cm

0.53
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CknomnoBsu TepMmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpyKUWja M3Haa
HerpejaHor NpocTopa
(noapym)

Floor Construction

to Unheated Area
(Basement)

U (W/mZK)

MebycnpatHa
KOHCTPYKLWja NCMOA
HerpejaHor NpocTopa

Floor Construction
to Unheated Area

U (W/m?K)

PaBaH kpoBs

Flat Roof

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnosba Outside

XpacTos napket 1cm, dbnopbuTt 2cm, MBL
donwja, 38yuHa nzonauvja 1.5cm, Ab nnoua
20cm, Tepmowzonaymja 4cm, mantep 2cm
oak parquet flooring 1cm, wood-cement
screed 2cm, PVC foil, sound impact insulation
1.5¢cm, reinforced concrete slab 20cm, thermal
insulation 4cm, plaster 2cm

0.45

Cnosba Outside

YHyTpa Inside

Kepammnuke nnounue 0.8cm, mantep 2.2cm,
bnopbuT 2cm, MBLL dponuja, 38yuHa n3ona-
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

1.14

Cnosba Outside

YHyTpa Inside

6eTOHCKe nioye 4cm, necak 3cm, XMApoursona-
Umja 1cm, Tepmomsonalinja 6cm, napHa bpata,
€10j 3a Mag MMH. 3cm, AB nnova 16.5cm
concrete tiles 4cm, 3cm sand, hydro insulation
1cm, thermal insulation 6¢m, vapour barrier,
concrete laid to fall (min. 3cm), reinforced
concrete slab 16.5cm

048

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA
NO CHANGES

0.45

Cnosba Outside

YhyTpa Inside

HEMA M3MEHA
NO CHANGES

1.14

Cnorpa Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

048

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnosa Outside

HEMA M3MEHA
NO CHANGES

0.45

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

1.14

Cnospa Outside

YHyTpa Inside

6eToHCKe nnode 4cm, necak 3cm, TepMon3ona-
umja 20cm, xuapousonauyja 1cm, Tepmonsona-
Umja 6¢cm, napHa 6paHa, ¢1oj 3a nag MyH, 3cm,
apMMPaHObETOHCKa MioYa 16.5cm

concrete tiles 4cm, 3cm sand, thermal
insulation 20cm, hydro insulation 1cm, thermal
insulation 6¢cm, vapour barrier, concrete laid to
fall (min. 3cm), reinforced concrete slab 16.5cm

0.14
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[lpBeHW, 1BOCTPYKM Ca CMOjEHVM KpUvMa
1 jeIHOCTPYKMM CTakIoOM. [1nacTnyHa
ec/luHzep poneTHa

Wooden, single frame, connected double
sash with single glazing. Plastic roller blind

YHanpeherbe 1 Improvement 1

[BL| ca ABOCNOjHMM 130MaLMOHNM
HUCKOEMUCHOHNM CTaKNO-NaKeTom
MCMYHEHUM MHEPTHUM racoM

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
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 TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor
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JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[larmHcKo rpejarbe Ha GocunHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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 rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba. noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CMPemMHNKOM y NOACTaHMLN. 3metrbrBay 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

Yranpeberbe 1 M30n0Batbe YHyTpaLUkbMX 3108a NPeMa HerpejaHom NpocTopy (XoAHWK/CTeneHuiuTe). Yrpaara Hosux nposopa of MBL npoduna ca
[BOCIOJHUM M301aLMOHIM HUCKOEMUCUOHIM CTaKO-MakeToM.  ®  Yrpajkba TepMOCTATCKIX BEHTVMA MO CTaHosWMa. MopepHusaunja
MOACTaHMLIE YrpaiHbOM CUCTeMa 3a perynaLyjy NpoToKa Npema CrofbHOj TeMnepaTypu U Mepersem 1CropyyUeHe eHeprije. Hannata npema

Improvement 1 MOTPOLLIFY MEPEeHO; y MOACTaHMLM. Yrpadrba LIeHTPaHOr ccTeMa Nprnpeme ToMsle Bofie MOBE3aHOr 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.

YHanpeherse 2 130n0Batbe dacafHnx 31A0Ba KOHTAKTHOM TepMOV30naLMoHoM Gacafom. V130n0Barbe YHyTpaLltbiX 3140Ba NpemMa HerpejaHom npoctopy
(xonHuK/CTeneHuwTe). PeKOHCTPYKLMja CnojeBa paBHOr KpOBa ca MOCTaB/batbeM C/10ja AofaTHe TepMUUKe 3aluTuTe. Yrpadkba HOBKX Npo30opa
oA MNBL npodwna ca TPOCIOJHMM M30MALMOHUM HACKOEMUCUOHIIM CTaKMO-NAKETOM. Yrpafba HOBUX METaNHVX TEPMOM300BaHYX BpaTa. @

Improvement 2 Yrpagrba TePMOCTATCKUX BEHTINA NO CTaHOBMMa. MogepHu3aUyja NoacTaHuLe yrpaaboM CYcTema 3a perynaumjy NpoToka npema CrosbHoj
TemnepaTtypu 1 Meperem UCnopyyeHe eHeprije. Yrpafrba Mymne ca NpOMEHbMBUM NMPOTOKOM W OYMTaBarbeM MNOTPOLHbE eHepruje.
Hannata npema NoTpOwWH K MePeHoj y NOACTAHMUN. Yrpazitba LIeHTPAHOr CUCTeMa NpUnpenMe Torne BOAE NOBE3aHOr Ca CUCTEMOM rpejatba,
Ca [I0NYHCKMM CUCTEMOM COMapHUX KONEKTOPa 3a MOAPLLKY Y NPUNPeMM ToMne 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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YHanpehetbe TepMUUKOF OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *

TonnotHM rybuum
efleMeHaTa TepMUYKor
oMoTava 3rpage

Heat loss through the
thermal envelope

[W/K]

CneyndunuHa roguiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

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

EHepreTcku 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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YHanpeherse 1 Improvement 1
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YHanpehetrbe 2 Improvement 2
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1 — Cnosaltby 31, 2 — Mpo3opu v bankoHcka BpaTa, 3 — YnasHa spata, 4 — M3nor, 5 — 31 Ka HerpejaHom ctenenunwTty, 6 — MehycnpatHa
KOHCTPYKLWja U3HaA HerpejaHor nogpyma, 7 — MehycnpaTtHa KOHCTpYKUMja UCnof HerpejaHor npoctopa, 8 — PaaH 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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® - nepunog 1981 - 1990. F - period 1981 - 1990

YHanpeherbe TepMUUKor oMmoTaua ca CCTEMOM rpejatkba — eHePreTCKy GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetrbe 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
- [arsnHcko, pocnnHa NarbuHcko, docunHa [arcnHcko, 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 TRPMOTEXHUNYKINX
mepa

Energy consumption
after refurbishment
measures

56% 72%
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M
G1

MopopmnuHa cnobogHoctojeha Kyha

Cnnunm objekTn
Similar buildings

O

<50%

oo
! oo

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
3anpemuiHa (m?) HeTo rpejaHa 300-550 Volume (m?3) Net heated 300-550

CnpaTtHa Kyha KOMNakTHe MpaBOyraoHe OCHOBE,
Ca [BOBOJAHVM KPOBOM M BEIMKMM TaBaHCKMM MpOC-
TOPOM KOjU Ce He KopucTh 3a 6bopasak. CnosbHN 3100~
BM CY 3WAaHW WYM/bMM BNIOKOBMMA W ManTepucaHi Unn
0bnoxeHn cucteMom "KoHTakTHe dacaae” lNposopu cy
CTaHAAPAM30BaHNX AVMEH3M]a, Hajuelwhe ca "ecnuHrep”
ponetHama. TaBaHuLe Cy NONYMOHTaxHe apMupaHobe-
TOHCKe KOHCTPYKLMje Ca MCMYHOM Off LYMNSbKX 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.



MopoanuHa kyha ca MacvBHUM 310BKMa Of Oreke
1 bacafom 13BeAEHOM Y BUAY ,KOHTAKTHE" TepMOM30s0-
BaHe dacage. Ha Tepmorpamy ce youaBa Huxa Temnepa-
Typa 31Aa HerpejaHor TaBaHa Kao 1 rybuum tonnote Ha
MeCcTMMa NpoJopa KOH3OJHKX Tepaca Kpo3 TepMUYKA
OMOTau, OIHOCHO Y 30HWM CTpexe. KoHCTpyKUMja Npo3o-
pa v ynasHux BpaTa je Heoprosapajyha ca npuMeTHUM
TOMAOTHUM rybuLmMa.

EHepreTcku paspep objekta — noctojehe 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
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Cnosballitbu 31a

External Wall

U (W/m?K)

[NperpagHu 31a Ka
HerpejaHoM MpocTopy

Partition Wall
to Unheated Area

U (W/mK)

MNMocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehetbe 2 Improvement 2

(9] [} (5} (] [} [}
° ° ° ° ° °
£ g 2 g £ g
g 3 & 3 & 5
> 2 > 2 > 2
= 2 = 2 = 2
(@] O o
mantep 2cm, rutep 610K 25cm, HEMA N3MEHA HEMA N3MEHA
Tepmowmsonaymja 10cm, mantep 1cm - -
- NO CHANGES NO CHANGES
plaster 2cm, clay block wall 25cm, thermal
insulation 10cm, plaster Tcm
032 032 032
(9] [} [} (] [} [}
° ° ° ° ° °
£ g 2 g 2 g
g z B S B S
BN 2 > & BN 2
= 2 = 2 = 2
(@] (o] (@]
mantep 2cm, rutep 610k 19cm, mantep 2cm  HEMA VMI3MEHA mantep 2cm, rutep 670k 19cm, ManTtep 2cm,
- - Tepmowusonauynja 5em,
plaster 2cm, clay block wall 19cm, NO CHANGES TUMNCKapTOHCKe nnode 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




- nepnop 1991 —2012. G - period 1991 - 2012

Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

lNoa Ha Ty

Ground Floor

U (W/m?K)

MehycnpatHa
KOHCTPYKLMja Cnog
HerpejaHor TaBaHa
Floor Construction
to Unheated Attic

U (W/m?K)
MehycnpaTHa

KOHCTpYKUMja n3Hag
HerpejaHor npocTopa

Floor Construction
to Unheated Area

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside

Cnorba Outside

namen napkeT 1¢m, Lem. Kowwybila 4cm,
MBL| donmja 0.1cm, Tepmorizonaumja 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 TaBanvua 20cm, mantep 2 cm

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

247

YHanpeherbe 1 Improvement 1

YHyTpa Inside

Cnorsba 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 Kowysbuua 3¢m,
JIMT TaBaHmua 20cm, mantep 2 cm

parquet 2.2cm, cement screed 3cm, LMT
slab with hollow clay block 20 cm, plaster
2cm

1.49

YHyTpa Inside

Cnosba Outside

MapKeT 2.2cm, LeMeHTHa Kollysbu1ua

3cm, JIMT TaBaHumua 20cm, mantep 2cm,
Tepmownzonaymja 10cm, mantep Tcm
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 V3MEHA

NO CHANGE

0.32

Cnospa Outside

YHyTpa Inside

Tepmowzonaumja 20cm, JIMT TaBaHMua 20cm,
ManTtep 2 cm

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

0.16

YHyTpa Inside

Cnosba Outside

NapkeT 2.2cm, UeMeHTHa Kowysrbuua
3cm, JIMT TaBaHmua 20cm, mantep 2cm,
Tepmowmsonaymja 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

MNMocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehetrbe 2 Improvement 2

Mpo3op
Window
ANYMUHW]YMCKV Ca ABOCIOJHUM ANYMUHW]YMCKV Ca ABOCIOJHNM ANYMUHW]YMCKW Ca TPOCNOJHM
30M1aLMOHVIM CTakMo-MakeToM M30MaLMOHUM HUCKOEMUCUOHMM CTakno- 130M1aLMOHMM HACKOEMUCUOHUM CTaKo-
- NaKETOM VCMYHEHUM MHEPTHIM racom NakeToM WUCMYHEeHUM UHEPTHVIM racom
Aluminium, double glazed unit - -
Aluminium, double glazed low-E glass unit, Aluminium, triple glazed low-E glass unit,
inert gas filling inert gas filling
U (W/m?K) 3.10 1.50 1.10
Yna3Ha Bpata ANYMUHWjyMCKa Ca CTakNeHOM UCMYHOM HEMA M3MEHA ANYMUHW]yMCKa, KpWAo ca
_ - - TEPMOM30M1aLIMOHOM UCMYHOM
Aluminium, leaf with glass NO CHANGES -
Entrance door Aluminium, insulated leaf
U (W/m?K) 3.30 3.30 1.60

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

LleHTpanHm cnctem rpejarba Ha ApBa,
pagwvjaTopn

Central hot water heating system (wood
boiler)

CreneH nckopuuiherba
cvcTema rpejarba

Heating System _

efficiency factor

LleHTpanHm crctem rpejarba Ha ApBa,
MUPONUTYKI KOTAO Ca akymynlaTopoM BoAe
3a rpejarbe

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

LleHTpanHu cuctem rpejarba ca TOMAOTHOM
nyMnom Basfyx/Boaa

Central heating with an air/water heat pump



- nepnop 1991 —2012. G - period 1991 - 2012

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2

Cuctem npunpeme
TOonne Boae

Hot water system

EnekTpuunu 6ojnep

Electric boiler

LleHTpanHu cuctem npunpeme
TOM/Ee CaHWUTapHe BOAE NOBE3aH Ca
CUCTEMOM rpejarba

Central supply with a domestic

hot water — DHW cylinder in
combination with a heat generator

LleHTpanHu cuctem npunpeme
TOM/Ee 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 XOpM3OHTaHe KOHCTPYKLUVMje Ka HerpejaHoM TaBaHy.
3ameHa noctojehrx NPo3opCKKx CTakana ABOCIOJHIM M30NALMOHMM HUCKOEMUCUOHUM CTako-NnakeTma. @  MHCTanauuja LeHTpanHor
cvcTeMa rpejarba U npunpeme Tomne CaHuTapHe BOAE Ca NMPOIMTUYKMM KOTJIOM BUCOKOT CTeMeHa MCKOpULITerba. HUCKoTeMnepaTypHu
CVCTeM rpejarba Ca M30/10BaHVM LIEBHVIM BOAOBVIMA U BPEMEHCKMM/TeMMNepaTypPHIUM perynatopuma.

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. M3onoBarbe XOpU3OHTaNHe KOHCTPYKUMje W3HaA HerpejaHor npocTopa.
/130n0Batbe XOPK30HTaNHe KOHCTPYKLMjE Ka HerpejaHom TaBaHy. 3ameHa noctojehrix Npo3opcKyx CTakana TPOCNOJHUM M30NaLMOHIM
HUCKOEMMUCHOHMM CTaKNO-NaKeTVMa. Yrpagitba HOBIX METaNHUX TePMOV300BaHVx BpaTa. @ VIHCTanauuja LeHTpanHor cuctema rpejarba v
npunpeme Tome caHTapHe BOAe Ca TOMIOTHOM MyMMOM Ba3fyx/Bofa Kao reHepaTopom TonnoTe. HuckotemnepaTypHU CUCTeM rpejatba ca
1130/10BaHVM 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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YHanpehetbe TepMUUKOF OMOTaua — eHepreTcku bunaHc * Thermal envelope improvement - energy balance *
MNocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnoTHK ryouum 300 300 300
enemeHaTa TepMUYKOT

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 3.4 5 6 7 12 3 4 5 6 7

6 12

1 - Cnosalutby 31, 2 — Mpo3opu, 3 — Bpata, 4 — 31 Ka HerpejaHom npocTopy, 5 — MehycnpaTHa KOHCTPYKLMja Ka HerpejaHoM TaBaHy
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

CneyndunuHa roguiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[KWh/m?/ roguiitse]

®uHanHa eHepruja

Final ener [ ames ][] [11e7]
& 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)
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YHanpebherbe TepMMUKOr OMOTaya ca CUCTEMOM rpejatba — eHepreTckm 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

(ka]

[NoTpouwrsa eHepruje

3a rpejarbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX
mepa

Energy consumption
after refurbishment
measures

NocTojehe cTare Present state

Yranpebherbe 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 objekTn
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 ¥ MOTKPOBHWIM MPOCTOPOM KOji Ce
KOPWUCTW 3a CTaHoBarbe. MacafjHy 31MaoBM Cy "ceHasmd”
KOHCTPYKUMje, Ca MAaCMBHMM 3MAOBMMA Of OfeKe Wi
riTep 610Ka, TePMOM30NAUMOHUM CojeM 1 0031a0M
of dacagHe oneke. [Mpo3opn Cy ApBEHW Ca M30NaUMo-
HM CTaK/IOM 1 "eciHrep” poneTHaMa Kao 3alTUTOM Of
CyHUa. TaBaHuLe Cy MONYMOHTaXKHE apMUPaHODETOHCKe
Ca UCMYHOM Of WYNSbUX ONEKAPCKUX enemeHaTa, 10K je
KpOB Y BMY KOCe mode. Y CBUM No3mumjama TepMUYKor
OMOTay4a NoCToj TePMOM30AALUMOHN 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.



MopoanuHa Kyha y HW3y Ca MacuBHWM dacagHVM
31aoBMMa of rutep 6oka, TepMorsonaumjom 1u ob3u-
nom ofy dacagHe oneke. Kyha ce rpeje y uenoctv a Ha
TepMOrpamMy MOXKe BWAETV YHUDOPMHO MoHaLarbe Y3
OACYCTBO M3Pa3nTUX JIMHWjCKMX TrybuTaka. Tepmuuke
nepdopmaHce 310Ba Kao ¥ KOHCTPYKUMja Npo3opa v
BpaTa Cy y CKnagy ca, 3a To foba, Baxehvm nponucuma
13 00NaCTV TONNOTHE 3aLTUTe.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]
212

- nepnop 1991 —2012. G - period 1991 - 2012

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 omoTava Elements of the thermal envelope

MNMocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehetbe 2 Improvement 2

Cnosballitbu 31a 3 3 5 3 3 3
- 2 g g 2 E
© O © O © O
External Wall s 3 £ 3 £ 3
= e = e = e
(@] O o
mantep 2cm, rutep 6nok 19cm, TME dponwja, HEMA M3MEHA HEMA N3MEHA
Tepmousonauwja 8 cm, dacagHa 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
Mperpaginanaka & R g g g
. 2 2 2 2 2 2
HerpejaHom npoctopy = E = 3 = E
_ =3 © o © = ©
2 s 2 s 2 5
it > = >
Partition Wall S S S
to Unheated Area
ManTep 2cm, oneka 12cm, HEMA N3MEHA HEMA M3MEHA
Tepmowuzonaumja 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
3ng Ka cyceny b b 3 3 b b
_ Z 2 2 g 2 2
© O © O © @]
Wall to the Adjacent £ 3 £ 3 £ 3
Building > e . e > e
(@] (o] (@]
mantep 2cm, rutep 6nok 19cm, TME dponwja, HEMA M3MEHA HEMA N3MEHA
Tepmousonauwja 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
[Mop Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside

Ground Floor
Cnosba Outside

Kepammuke nnouwle 1cm/ napket 1cm,
LlemMeHTHa Kowysbuua 3cm, ME donuja,
Tepmousonaumja 5cm, xuapovsonauvja
1cm, Ab nnoya 10cm, wibyHak 15cm
ceramic tiles 1Tcm/parquet 1cm, cement
screed 3cm, PE foil, thermal insulation 5¢cm,
hydro insulation 1cm, reinforced concrete
10cm, gravel 15cm

U (W/m?K) 0.28

Cnorsba Outside

HEMA M3MEHA
NO CHANGE

0.28

Cnorsba Outside

HEMA M3MEHA
NO CHANGE

0.28
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Cknomnosu TepMmmnykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTPYKLWja MCMOA
HerpejaHor TaBaHa

Floor Construction
to Unheated Attic

U (W/m?K)

MebhycnpatHa
KOHCTPYKLUWja 13Hag
HerpejaHor NpocTopa

Floor Construction
to Unheated Area

U (W/m?K)

Koc kpoB

Pitched Roof

U (W/mZK)

MocTojehe cTarbe Present state

Cnosba Outside

YHyTpa Inside

Tepmomzonaumja 5 cm, TM3 TaBaHmua 20 cm,
mantep 2 cm

thermal insulation 5cm, TM3 slab with
hollow clay block 20 cm, plaster 2cm

0.52

YHyTpa Inside

Cnosba Outside

napKeT 2cm, Liem.kow 5¢cm, nnyTadoH Tcm,
TM3 TaBaHuLUa 20cm, Tepmousonaumja 5cm,
Mantep 2cm

parquet 2cm, cement screed 5cm, sound
insulation Tcm, TM3 slab with hollow clay block
20 cm, thermal insulation 5cm, plaster 2cm

043

YHanpeherbe 1 Improvement 1

Cnorba Outside

YHyTpa Inside

Tepmomsonauuja 10cm, Tepmownsonaymja
5cm, TM3 TaBaHmua 20cm, mantep 2 cm
thermal insulation 10cm, thermal insulation
5cm, TM3 slab with hollow clay block 20 cm,
plaster 2cm

0.20

YHyTpa Inside

Cnorba Outside

HEMA M3MEHA
NO CHANGES

043

Cnosba Outside

YHyTpa Inside

MeanTepaH Lipen, norpeyHe NeTse, KPoBHa
nenexKa, Tepmomsonatmja 8cm / Tanne 5/8cm
Ha 60cm, MME donuja, Ab nnoya 10cm
Mediterranean clay roof tile, battens, roofing
paper, thermal insulation 8cm/plank 5/8cm
at 60cm distance, PE foil, reinforced concrete
slab 10cm

047

Cnorba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

047

YHanpehetbe 2 Improvement 2

Cnospa Outside

YHyTpa Inside

Tepmownsonauymja 20cm, Tepmomrzonauumja
5cm, TM3 TaBaHumua 20cm, mantep 2cm
thermal insulation 20cm, thermal insulation
5cm, TM3 slab with hollow clay block 20 cm,
plaster 2cm

0.13

YHyTpa Inside

Cnospa Outside

napKeT 2cm, LeMeHTHa KoLy bu1La 5¢m,
nnytapoH Tcm, TM3 taBaHwmua 20cm,
Tepmou3onaumja 5cm, mantep 2cm,
Tepmownsonaymja 10cm, mantep Tcm
parquet 2cm, cement screed 5cm, sound
insulation 1cm, TM3 slab with hollow clay
block 20 cm, thermal insulation 5cm, plaster
2cm, thermal insulation 10cm, plaster Tcm

0.20

Cnosba Outside

YHyTpa Inside

MeauTepaH Lpen, NonpeyHe feTee, KPOBHa
neneHka, TepMomsonauumja 15cm/ Tanne
5/15cm Ha 60cm, Tepmom3onaupja 8cm / Tanne
5/8cm Ha 60cm, ME dponuja, A nnoua 10cm
Mediterranean clay roof tile, battens, roofing
paper, thermal insulation 15cm /plank
5/15cm at 60cm distance, thermal insulation
8cm /plank 5/8cm at 60cm distance, PE foll,
reinforced concrete slab 10cm

0.18
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Cknornosu 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

JlpBeHu, ca ABOCNOjHIM MU301aLMOHNM
CTaK/O-NaKeToOM, MeTasH Kanum

Wooden, double glazed unit, metal shutters

3.00

YHanpeherbe 1 Improvement 1

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

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

1.50

YHanpehetrbe 2 Improvement 2

[1BL| ca TPOCNOjHMM M30MaLMOHIM
HUCKOEMMCHOHUM CTaK/0-MaKeTom
MCNYHEHUM VHEPTHUM racom

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

1.00

[lpBeHa, Kpuno of nyHor apeeTta

Wooden, solid wood leaf

3.00

[psera vnu MBL, kpuno ca
TEPMOM30M1aLMOHOM UCMYHOM

Wooden or PVC, insulated leaf

1.50

[pseHa nnw MBL, kpuno ca
TePMOU30MaLMOHOM UCMYHOM

Wooden or PVC, insulated leaf

1.50

Cuctemu rpejatba 1 npunpeme Torse Boge Heating and hot water system

CwucTem 3arpeBatba
npocTopuja

Heating system

CreneH vckopuwherba
cucTema rpejarba
Heating system
efficiency factor

[larbuHCKO Ha docwiHa ropriea

District heating (fossil fuel)

[larbnHCKo Ha docuiHa ropusa.
TepmocTatcku BeHTUnW. MoaepHm3auwja
noAcTaHunLe - perynauyja npema cnosbHoj
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. MogepHusaLmja
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



- nepnop 1991 —2012. G - period 1991 - 2012

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MNocTojehe cTame Present state Yranpebherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
Cuctem npunpeme
TOnne Boae
Hot water system
EnekTpuunm 6ojnep LleHTpanHu cuctem npunpeme LlenTpantu cuctem npunpeme
- noBe3saH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONApHWMX KONeKTopa.
CNPeMHVKOM Y MOACTaHWLM 3merbrBay 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 yHanpeherwa Improvement measures description

YHan peheH:e 1 [loaaTHO 130M10Barbe XOPU3OHTaNHE KOHCTPYKLMjE NpemMa HerpejaHoM TaBaHy. Yrpafrba HOBYX JPBEHMX MPO30pa Ca ABOCIIOjHAM 1301aLNOHKM
HWCKOEMUCUOHWM CTaKO-MakeToM. Yrpajitba HOBMX TEPMOM3ON0BaHUX Bparta. ® Yrpadrba TePMOCTATCKUX BeHTUna. MogepHusaumja
NOACTaHMLE YrpaArboM CUCTeMa 3a perynauujy NpoToKa npema CnosbHoOj TemnepaTypu 1 Meperem UcropyyeHe eHepriije. Hannata npema

Improvement 1 NOTPOLLHY MEPEHO] Y MOACTAHULM. YTPajitba LIEHTPAIHOT CUCTEMa NpUNpemMe Torie BOAe NOBE3aHOr Ca CCTEMOM 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.

YHanpeherse 2 [lonatHo 130M0Bakbe XOPU3OHTaNHe KOHCTPYKLMje npema HerpejaHom TasaHy. [loAaTHO V30M10Batbe XOPM3OHTaNHE KOHCTPYKUMje 13Haa
HerpejaHor npocTopa. [JofaTHO 13010Bakbe Koce KPOBHE KOHCTPYKLMje (PEKOHCTPYKLMja Cnojesa). Yrpasrba HosuMx Nposopa of NBLL npoduna
Ca TPOCIOJHUM M30NALMOHMM HUCKOEMUCUOHMM CTaKNO-NakeToM. Yrpadtba HOBUX TEPMOM30/I0BaHNX BpaTa. @  Yrpadrba TePMOCTATCKMX

Improvement 2 BeHTUNa. MofiepHm3aLmja NoACTaHMLE YrpabOM CCTeMa 3a peryalmjy NpOToKa Npema CNosbHOj TEMMEPATYPH 1 MEPErbeM 1CNopyYeHe
eHeprvije. Yrpaftba nymne ca NPOMEHSBbYBYM MPOTOKOM M OuMTaBarbeM MOTPOWHe eHeprvje. Hannata npema NoTpowWwby MepeHoj y
NOACTaHUUM. Yrpaarba LEHTPaNHOr cuctema npunpeme Tonne BOAe NOBE3aHOr Ca CUCTEMOM rpejarba, Ca AOMYHCKVM CUCTEMOM COMaPHWX
KOneKTopa 3a NoApLUKY NpunpemMe Torse CaHUTapHe BOAe.
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.
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YHanpehetbe TepMUUKOT OMOTaua — eHepreTckn bunaHc * Thermal envelope improvement - energy balance *

T2 3 5 6 2 3 5 6

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 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 3ug, 2 — Mpo3opwu, 3 — BpaTta, 4 — 3uy Ka HerpejaHom NpocTopy, 5 — 31 Ka cyceaHom objekTy, 6 — MehycnpaTtHa KOHCTPyKLWja
Ka HerpejaHom TaBaHy, 7 — MehycnpaTtHa KOHCTPYKLMja M3Hal HerpejaHor npoctopa, 8 — Mo 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
EHepreTckin paspes

; Py | ) | )

Energy class

CneundunuHa roguiltba
notpebHa eHepruja 3a
rpejarbe

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 edukacHoCcT 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 — eHepreTckn buaHc
Thermal envelope improvement with heating system - energy balance

lNocTtojehe cTare Present state

EHepruja notpebHa 3a
rpejarbe

Heating energy
demand

[KWh]

EHepreHT
- [arnHcKo, docunHa
Fuel ropumea
District heating / fossil fuel

YHanpebherbe 1 Improvement 1

[amuHcko, docnnHa
ropuea
District heating / fossil fuel

YHanpehetbe 2 Improvement 2

[amnHcko, docunHa
ropvsa
District heating / fossil fuel

[pvmapHa eHepruja

Primary energy
[KWh]
[

Emncmja CO,

CO, emission

| [ N
Tkq] 0 50 100%

[oTpowmba eHepruje

3a rpejakbe HakoH
npumeHe rpaheBUHCKIX
1 TEPMOTEXHUUKINX
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

Cnnunm objekTn

Similar buildings
ooo
q 000 J<so%
.~ oo
1
2 A

Free-standing residential building

Kateropuja BULLENOPOAMYHO CTaHOBarbe  Category multy-family 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 15-25 Number of apartments 15-25

MosplwnHa (M?) HeTo rpejaHa  1000-1500 Area (m?) Net heated 1000-1500
3anpemuHa (m?) HeTo rpejaHa 2500-4000 Volume (m?3) Net heated 2500-4000

CrambeHa 3rpafa penaTmBHO KOMMaKTHe OCHOBe, ca
KOCKIM KPOBOM ¥ CTaHOBKMA Y MOTKPOBHOJ eTaxu. 3Uao-
B/ Cy MACWMBHM, 31AaHW rutep OJI0KOM WAK OMNEKOM,
CNosba OONOXEHV PA3NNUUTUAM KOHTAKTHUM TEPMOM30-
naunoHnM GacagHum cuctemmma. Nposopw cy o MNBL-a,
Ca TepMoM30MaUMOHNUM CTAKAOM M MNACTUYHUM CNOSb-
HUM "ecnvHrep” poneTHama. MehycnpaTHe KOHCTpYKLUVje
Cy Hajuewhe NONYMOHTaXHe, Ca UCMYHOM Off LYNSbux
6nokoBa. lNoApymcke NpocTopuje Ce He KopwcTe 3a
6opaBak, a npvizembe objekTa Moxe OUTK HamerbeHO
CTaHOBakby WM TepUMjanHuM fenatHocTumMa. Cee mosu-
Lpje TepMUYKOT OMOTaua Cy 130510BaHe.

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 fagcade 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.



CrambeHa 3rpafia ca MaCMBHUM 3MAOBMMa Off T1Tep
6roka v hpacafom 13BeaeHOM Y By ,KOHTAKTHe" TepmMo-
n3onoBaHe dacaje. Ha Tepmorpamy ce youaBa OACYCTBO
13Pa3nTIX 30Ha TOMNOTHMX rybuTaka oM Ha dpacanHoj
CTONapuju 1 AeNUMIUYHO Ha nnovama epkepa. Moryhe je
NPYIMETVTY TauKacTe ToMse 30He HacTasne Kao nocneau-
Lia rnojase 3a30pa NPUIMKOM NOCTaB/bakba TePMOM30na-
LIMOHMX M10Ya.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel [%]

111

- nepnop 1991 —2012. G - period 1991 - 2012

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

Cnosballtbn 31

External Wall

U (W/m?K)

31 Ka HerpejaHom
CTeNneHnLwTy 1

Partition Wall

to Unheated Staircase 1

U (W/m?K)

314 Ka HerpejaHom
CTENeHNLWTY 2

Partition Wall

to Unheated Staircase 2

U (W/m?2K)
MehycnpaTHa

KOHCTPYKLMja 13HaA
OTBOPEHOT MPOCTOpPa

Floor Construction
to Outside Area

U (W/m?K)

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpehetbe 2 Improvement 2

(9] [} (5} (] (9]
© © o ° ° °
2 B k= E 2 g
© @) © (@) © O
o3 © o3 © o3 I
2 5 2 5 e 5
= e = e = e
(@] (@] (@]
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 Tepmomsonaumja 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
[} (] [ [} [ (]
o ° ° ° o °
& 2 5 3 & 2
< 5 £ 5 £ 5
© @) © O © o
=3 © o © o ©
e 5 2 5 e 5
= e = e = 2
(@] (@] (@]

Mantep 2cm, rutep 6510k 19cm, mantep 2cm
plaster 2cm, clay block wall 19cm, plaster 2cm

mantep 2cm, rutep 610K 19cm, mantep 2cm,
Tepmom3sonaumja 5cm, rMnCKapToOHCKe naoye
1.25cm

plaster 2cm, clay block wall 19cm, plaster 2cm,
thermal insulation 5cm, gypsum board 1.25¢cm

Mantep 2cm, rutep 610k 19cm, mantep 2cm,
Tepmomsonaumja 5cm, ’MNCKapToOHCKe
niove 1.25cm

plaster 2cm, clay block wall 19cm, plaster 2cm,
thermal insulation 5cm, gypsum board 1.25cm

1.51 0.46 0.46
) o v w w
he) he] he) he! he)
& 3 vl g &
< 5 < 5 <
© (@] © O ©
2 3 2 3 2
= S 5 s f
= 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,
TepMovi3onaLmja 5cm, rNCKapTOHCKe nnove
1.25cm

plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 5cm, gypsum
board 1.25cm

0.52

Cnorsba Outside

mantep 2cm, Ab 31g 20cm, ManTtep 2cm,
Tepmom3onaumja 5cm, rMnckapToHCKe niove
1.25cm

plaster 2cm, reinforced concrete wall 20cm,
plaster 2cm, thermal insulation 5cm, gypsum
board 1.25cm

0.52

YHyTpa Inside

Cnospa Outside

napkeT 2.2cm, LeMeHTHa KoLy buua 3¢m,
3By4Ha m3onaunja 2cm, JIMT TaBaHwmua 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

Cnorba Outside

HEMA M3MEHA
NO CHANGE

043

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGE

043
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

MebhycnpaTHa YhyTpa Inside
KOHCTPYKUWja 13HaA

HerpejaHor NpocTopa

(noapym)

_ Cnospa Outside

Floor Construction
to Unheated Area

U (W/m?K) 0.88

Kepamuuke naounte 1cm, uemeHTHa
Kolysbylia 3cm, 3B8y4Ha 1M3onauwja 2cm, JIMT
TaBaHuua 20cm, mantep 2cm

(Basement) ceramic tiles Tcm, cement screed 3cm,
thermal insulation 2cm, LMT slab with hollow
clay block 20cm, plaster 2cm

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

Kepamuuke nnoune 1cm, LemeHTHa
KoLysbuLa 3¢m, 3By4Ha nsonaumja

2cm, JIMT TaBaHumua 20cm, mantep 2cm,
Tepmownsonaymja 10cm, mantep Tcm

ceramic tiles 1cm, cement screed 3cm, thermal
insulation 2cm, LMT slab with hollow clay block
20cm, plaster 2cm, thermal insulation 10cm,
plaster Tcm

0.26

MehycnpaTHa Cnosba Outside

KOHCTPYKLMja 1crnoa

HerpejaHor NpocTopa
Floor Construction YHyTpa Inside
to Unheated Area

U (W/m?K) 0.30

MBL ponuja, tepmowmsonauwja 10cm, JIMT
TaBaHuua 20cm, mantep 2cm

PVC foil, thermal insulation 10cm, LMT slab
with hollow clay block 20cm, plaster 2cm

Cnosba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGE

0.30

Koc kpoB Cnosba Outside

Pitched Roof

YHyTpa Inside

Tpane3acTvi um, netee, NBL donwija, por
10/14cm Ha 70cm / Tepmowmsonaumja 10cm +
Basayx 4cm, JIMT taBaHuLa 20cm, Mantep 2cm

TEXT
U (W/m?K) 042

Cnospa Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

042

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnospa Outside

Kepamuuke nnoyntie 1cm, LemeHTHa
KoLy/buLa 3¢m, 3By4Ha 13onauuja

2cm, JIMT TaBanmua 20cm, mantep 2cm,
Tepmownsonaymja 10cm, mantep Tcm

ceramic tiles Tcm, cement screed 3cm), thermal
insulation 2cm, LMT slab with hollow clay block
20cm, plaster 2cm, thermal insulation 10cm,
plaster Tcm

0.26

Cnosba Outside

YHyTpa Inside

MBL ¢ponuja, tepmowmzonauwja 10+10cm, JIMT
TaBaHmua 20cm, manTep 2cm

PVC foil, thermal insulation 104+10cm, LMT slab
with hollow clay block 20cm, plaster 2cm

0.16

Cnospa Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

042
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[1BL| ca ABOCNOjHMUM 130MaLMOHKM CTaKO-
MaKeTom

PVC, double glazed unit

YHanpeherbe 1 Improvement 1

[BL| ca ABOCNOjHMM 130MaLMOHNM
HUCKOEMUCHOHNM CTaKNO-NaKeTom
MyHEHUM UHEPTHIIM racoM

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NYy+HEHUM UHEPTHIM racom

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

2.80 1.30 1.00
[pBeHa, AynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba
Heating system
efficiency factor

JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[arbmHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay 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

Yranpeherse 1 M30n0Batbe yHyTpallkbWX 31M0Ba Mpema HerpejaHoM NpocTopy (XOoAHWK/CTeneHuiLTe). V30M10Barbe XOpU3OHTaHe KOHCTPYKLMje npema
HerpejaHom noapymy. Yrpadrsa Hosux npo3opa o [MBL npodwvna ca ABOCIOJHUM M30MALUMOHUM HUCKOEMWCUMOHVIM CTaKI0-NaKeToM.
®  Yrpajra TePMOCTATCKUX BEHTUMa MO CTaHoBMMa. MofepHM3aLmja NOACTaHMLe YrpaaroM cicTemMa 3a perynauujy npoToka npema

Improvement 1 CNOrBbHOJ TeMMepaTypy 1 Meperbem UCropyyeHe eHeprije. Hannata npema NoTpoLubi MepeHoj y MoACTaHNLM. Yrpafikba LieHTPanHor cucTema
npunpeme Tonse Bofe 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.

YHanpeherse 2 JlofatHo n3omoBatbe GacafHWX 3MAOBa KOHTAKTHOM TepMOM30MaLMOHOM dacaioM. 130M10Bakbe YHyTpalltbWX 31A0Ba MpemMa HerpejaHom
NpOCTOpY (XoAHUK/CTeneHuLTe). VI30710Barbe XOPH3OHTaHE KOHCTPYKLVje Npema HerpejaHom NoapyMy. [loAaTHO M30/10Babe XOPU3OHTasHe
KOHCTPYKUMje Mpema HerpejaHoM TaBaHy. Yrpafrba HOBMX Mpo3opa of MBLl npodwna ca TPOCNOjHUM M30MaLMOHMM HUCKOEMUCHOHKM

Improvement 2 CTakno-naKkeTom. Yrpagrba HOBYIX METaH1X TepMOM300BaHIx BpaTa. ® Yrpafrba TepMOCTaTCKVX BEHTWNa No CTaHOBUMa. MogepHu3saLmja
noAICTaMMLe YrpadrboM CrcTema 3a perynalivjy NpoToka Npema CrosbHOj TeMnepaTypu 1 Meperbem 1CropyyeHe eHepritje. Yrparba nymne
Ca NPOMEHSBYBYIM MPOTOKOM 1 OUMTaBatbem NOTPOLUkbe eHeprife. Harnnata npema noTpoLwkbyi MepeHoj y NOACTaHNLM. Yrpazrba LeHTpanHor
cuCTeMa npunpeme Tonye Bojie NOBe3aHOr Ca CUCTEMOM rpejarba, Ca AOMYHCKIM CUCTEMOM CONapHMX KOMeKTopa 3a MofpLLUKy Y npunpemMi
TONMe 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 omotaua — eHepretcku 6unatc * Thermal envelope improvement - energy balance *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 600 600 600
enemMeHaTa TepMUYKor
omMOTaya 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 1 2 3 4 5 6 7

1 — Cnosbaluke 31g, 2 — Mpo3opu 1 6ankoHcka Bpata, 3 — YnasHa 8pata, 4 — 31/ Ka HerpejaHom cTeneHmwTy, 5 — MehycnpaTHa KOHCTPYKUYja 13HaZa,
HerpejaHor nogpyma, 6 — MehycnpaTHa KOHCTPYKLUMja 1CNOZ HerpejaHor NpocTopa, 7 — MehycnpaTHa KOHCTPYKUWja V3Haa 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 roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kKWh/m?/ roauiitse]
[kWh/m?/ year]

EHepreTckin 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)
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YHanpeherbe TepMUUKor oMoTaua ca CCTEMOM rpejatkba — eHEePreTCKy GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpehere 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
- [larsWHCKo, docunHa NarbuHcko, docunHa [arsnHcko, pocnnHa
Fuel ropviea ropviea ropviea

District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[MpvmapHa eHepruja

Primary energy

[KWh]

133868
61%

Emncmja CO,
CO, emission

[t 0 50 100%

[NoTpowma eHepruje

3a rpejarbe HakoH
npyMeHe rpaheBrMHCKINX
N TePMOTEXHUYKINX
mepa

Energy consumption
after refurbishment
measures

61%
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r4
G4

CrambeHa 3rpada Tmna JiaMersa

Cnnunm objekTn
Similar buildings

Oooo
000 J<so%
~ > 0o

Residential building — lamela

Kateropuja BULLENOPOAMYHO 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 T1Na. 3UA0BM Cy MAaCUBHMU, 31AaHM
ruTep 6OKOM WA OMEKOM, CMosba OONOMKEHN Pa3NUYK-
TVM KOHTaKTHVM TePMOM30MaLUMOHNM GacaiHUM CUCTe-
mMrmMa, pehe dacagHom onekom. Mpo3opu cy of MBL-a,
Ca TepMoM30MaUMOHNUM CTAKAOM M MNACTUYHUM CNOSb-
HUM "ecnMHrep” ponetHama. MehycnpaTHe KOHCTPYKLUWje
Cy Hajuewhe NONYMOHTaXHe, Ca UCMYHOM Off LYNSbux
6nokoBa. lNoApymcke NpocTopuje Ce He KopwcTe 3a
6opaBak, a npvizembe objekTa Moxe OUTK HamerbeHO
CTaHOBakby WM TepUMjanHuM fenatHocTumMa. 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 fagade 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 TUMa
CEHIBMY KOHCTPYKUMjE 1 3aBPLIHMM CojeM Mantepa.
Ha Tepmorpamy ce youaBa OACYCTBO M3Pa3vTUX 30Ha
TONNOTHUX TybWTaka OCKMM Ha CrojeBMMa noda Tepaca
1 bacaaHvX 3MA0Ba, CTONAPUIA 1 JEIMMUYHO Ha Niova-
Ma epkepa. Moryhe je npumeTuTy cnor dacagHor 3uaa
Kao v xnagHuje, IMHWjcKe, 30He HacTane ycnen JOAaTHOr
30/10Batba XOPU3OHTAIHKX CEPKIaxa 1 HaTNOP30PHIX
rpena.

EHepreTcku paspep objekta — noctojehe 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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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

Cnosalhm 3ua 1 3 ] S 3 < S
_ 2 g £ g 2 g
© O © O © O
External Wall 1 £ 3 £ 3 £ 3
= g = 2 = e
(@] (@) (@]
ManTep 2cm, rutep 610k 19cm, HEMA N3MEHA ManTep 2cm, rutep 610k 19cm, Tepmown3zonaumja
TepMow3onaLmja 6¢m, Wynsba onexa 12cm, NO CHANGES 6cm, Wynrba oneka 12cm, mantep Tcm,
Mantep 1cm Tepmowsonaumja 15¢cm, 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/m2K) 042 042 0.16
Cnosballtby 3ug 2 3 3 3 3 3 3
- E gz gz £
© @) © @] © o
External Wall 2 5 3 s 3 s 3
&3 °o 3 s £ 2
(@] (@) (@]
ManTep 2cm, ruTtep 610K 19cm, Tepmonsona- HEMA N3MEHA ManTep 2cm, rutep 610k 19cm, Tepmowzonaunja
Umja 6cm, ApBeHa NOTKOHCTPYKUMja Ha 60cm/  NO CHANGES 6Cm, [pBeHa NMOTKOHCTPYKLWja Ha 60cm/
Ba3zlyLUHM CI10j 45Cm, NeTBe, rbebrbeHn Lpen Tepmowmsonauwja 20cm-+sasayLwHn cnoj 25cm,
plaster 2cm, clay block wall 19cm, thermal neTse, /bebrberu Lupen
insulation 6¢cm, timber substructure at 60cm plaster 2cm, clay block wall 19cm, thermal
distance/air gap 45cm, timber batten, insulation 6¢cm, 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 3
2 z 2 2 & 2
creneHnuTy - 8 - 8 = 8
Q P Q © Q P
- > s g g 2 5
iti = > =
Partition Wall S 5 S
to Unheated Staircase  yyayrep 2cm, rurep 610k 19cm, HEMA U3MEHA HEMA U3MEHA
Tepmowm3onaumja 5cm, mantep 2cm NO CHANGES NO CHANGES
plaster 2cm, clay block wall 19cm, thermal
insulation 5cm, plaster 2cm
U (W/m?K) 057 0.57 0.57
31a Ka cyceaHoj namenv S 5 ) 3 ) 3
; Z Z Z Z Z Z
(annatauwja) - 3 < 3 £ E
_ o3 © o3 © o3 o
T 5 T 5 $ 5
i > > >
Wall to the Adjacent 5 5 5
Entrance (dllatatlon) Mantep 2cm, rutep 610k 19cm, Bazayx 10cm,  HEMA VM3MEHA manTep 2cm, rutep 610K 19¢cm,
rutep 610k 19cm, mantep 2cm NO CHANGES nrekTvpajyha Tepmomnsonauuja 10cm, rutep
plaster 2cm, clay block wall 19cm, 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
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Cknomnosu TepMmuykor omoTada Elements of the thermal envelope

MehycnpatHa
KOHCTpyKUWja M3Haa
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)

Koc kpos

Pitched Roof

U (W/m?K)

MocTojehe cTarbe Present state
YHyTpa Inside

Cnosba Outside

napkeT 2cm, apmnpani Lem. ectpux 4cm, ME
dbonuja, 38yuHa v3onaumja 1cm, TM3 TaBaHmLa
20cm, Tepmou3onaumja 5cm, Mantep 2cm
parquet 2cm, reinforced cement screed 4cm,
PE foil, sound impact insulation Tcm, TM3
slab with hollow clay block 20cm, thermal
insulation 5cm, plaster 2cm

0.50

YHanpeherbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.50

Cnosba Outside

YHyTpa Inside

LleMeHTHa Kolwysbuua 4cm, Tepmomsonalmja
10cm, MNE donuja, TM3 TaBaHmua 20cm,
Mantep 2cm

cement screed 4cm, thermal insulation
10cm, PE foil, TM3 slab with hollow clay block
20cm, plaster 2cm

0.30

Cnorsba Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

0.30

Cnospa Outside

YHyTpa Inside

danuoBaHu Lpen, neTee (MonpeyHo/noay«Ho),
Tep nanup, facke 2.4cm, TepMonsonauyia
10cm, ME dponmja, 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

040

Cnospa Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

040

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

napKeT 2cm, apmrpann Lem. ectpux 4cm, ME
dbonvija, 38yuHa v3onaumja 1cm, TM3 TaBaHuUa
20cm, tepMowzonaLmja 5cm, Mantep 2cm,
Tepmomzonauuja 10cm, mantep 1cm

parquet 2cm, reinforced cement screed
4cm, PE foil, sound impact insulation 1cm,
TM3 slab with hollow clay block 20cm,
thermal insulation 5cm, plaster 2cm, thermal
insulation 10cm, plaster 1cm

0.20

Cnosba Outside

YHyTpa Inside

Tepmonsonaumja 30cm, LeMeHTHa KowysburLa
4cm, Tepmonsonauwja 10cm, NE donmja, TM3
TaBaHuMUa 20cm, manTep 2cm

thermal insulation 30cm, cement screed 4cm,
thermal insulation 10cm, PE foil, TM3 slab with
hollow clay block 20cm, plaster 2cm

0.08

Cnoa Outside

YHyTpa Inside

HEMA VM3MEHA
NO CHANGES

040
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Cknonosu Tepmmuykor omoTada Elements of the thermal envelope

Mpo3opu 1 bankoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

Yna3Ha BpaTta

Entrance door

U (W/m?K)

MNocTtojehe cTare Present state

JlpBeHu ca 4BOCIOJHMM M30MaLMOHIM

CTakno-naxkeTom

Wooden, double glazed unit

YHanpehere 1 Improvement 1

[lpBeH ca BOCOjHIM M30NALMOHIM
HIICKOEMUCMOHUM CTaK/O-MakeTom
MCMYHEHUM MHEPTHUM racoM

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

YHanpehetrbe 2 Improvement 2

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

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

3.00 1.50 1.00
[pBeHa, AynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMon301aLYOHOM
- - NCMYyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejarba v npunpeme Torse Boge Heating and hot water system

CucTem 3arpeBatba
npocTopuja

Heating system

CreneH nckopuiiherba
cucTema rpejarba
Heating system
efficiency factor

JlarbUHCKO rpejarbe Ha pocuHa roprea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyisa.
TepmocTaTcKu BeHTUW. ModepHu3aLmja
NoACTaHMLe - perynauuja 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.

[larbmHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoaepHy3aLmja
NOACTaHMLE - NyMNa NPOMEHbUBOT MPOTOKa
1 perynaumja npema CrosbHoj Temnepatypul.
Hannata npema noTpouw 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

Cuctemu rpejarba v npunpeme Torse Boge Heating and hot water system

MocTojehe cTame Present state YHanpehere 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
Tome Boge
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cuctem npunpeme LleHTpanHu cuctem npunpeme
- noBe3aH Cca CMCTeMOM rpejaH;a. noBe3aH Ca cnMcTeMmom rpejaHsa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONTAPHNX KONeKTopa.
CNPEeMHVKOM Y MoACTaHWLN. 3merbrBay TonnoTe ca

- CNPEMHUKOM Y MOACTaHULIN.
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

yHaﬂ pebekbe 1 Wpamba HOBUX APBEHUX MPO30pa Ca ,EI,BOCHOJHVIM V130M1aUMOHNM HNCKOEMUCNOHUM CTak/10-MakeTom. @ YFpa,[lH:a TEPMOCTATCKMX BEHTWa MO
CTaHOBKMa. Mo;(epHmsaumja NOACTaHMLE yrpagHOoM CncTema 3a perynaumjy NPOTOKa npema CI'IOJ'bHOj Temneparypu n MeperemMm ncnopyyeHe

EHepere. Hannata npema noTpouwbn MepeHoj Yy NOACTaHULN. YFpa/:(H:a L@HTPasIHOI CMCTeMa npunpeme Tonse Bofde nosesaHor ca CMCTeMom
Improvement 1 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.

Yrnanpeherbe 2 JlonatHo 130M0Barbe GacafHWX 3U0Ba KOHTAKTHOM TEpPMOM30MaLMoHOM dacafom. [JoaaTHO M3onoBarbe  MehynpocTopa MaHcapaHe

KOHCTpyKUMje. [JOaTHO 130M10Barbe XOPU3OHTANHVX KOHCTPYKUM]A M3HAZ HEerpejaHor NoapyMa v Ka HerpejaHom TasaHy. M3onosarbe 3ufosa

Ka cycefiHoj nameny ybpusrasarsem Tepmousonaumje y mehynpoctop gunatauwje. Yrpaarsa HoBIx Nposopa oA MNBL npodwna ca TpocnojHm

Improvement 2 V30M1aLUMOHUM HUCKOEMUCUOHIM CTaKO-NaKeToM. Yrpafitba HOBUX METafHUX TEePMOM30M0BaHNX Bpata. @  Yrpaarba TepMOCTaTCKIX
BEHTWMa MO CTaHOBMMa. MoaepHU3aLja NOACTaHMLE YrpaHOoM CUCTEMa 3a peryauujy NpOToKa Npema CrosbHOj TeMnepaTypu U Mepetbem
McnopyyeHe eHepruje. Yrpadrma Mymne ca MPOMEH/bUBMM MPOTOKOM U OuMTaBarbem MoTpoltbe eHeprije. Hannata npema noTpoLkbu
MepeHoj y NOACTaHUUW. YTpaArba LeHTPanHOr cucTema npunpeme Tome BOAE MOBEe3aHOr Ca CUCTEMOM rpejatba, ca [OMyHCKIM CUCTEMOM
CONapHUX KoneKTopa 3a NofpLUKY Y NpyipemM1 Tonne caH1TapHe Boje.

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 *

MNMocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2

TonnotHM rybuum 700 700 700
enemMeHara TepM1YKOr
oMoTaua 3rpage 600 600 600
Heat loss through the 500 500 500
thermal envelope
400 £ 400 400
[W/KI] I
300I 300 300
200I 200 200
100 - 100 | 100 |
111 in PIT 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 CTeneHunwTy, 5 — 31 Ka CycenHoj namenw/
aunataumja, 6 — MebycnpaTtHa KOHCTPYKLUWMja 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 roguiltba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

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

EHepreTckin paspes

- | )

Energy class

I

®uHanHa eHepruja

Final energy

[KWh] 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)
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YHanpeherbe TepMUUKor oMoTaua ca CCTEMOM rpejatkba — eHEePreTCKy GunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpehere 1 Improvement 1 YHanpehetbe 2 Improvement 2
EHepruja notpebHa 3a
rpejarse

Heating energy

demand [ s ] [ toss ] [ eesso ]
[ [ O A O A [

[KWh] 0 50 100% 0 50 100% 0 50 100%
EHepreHT
- [larsWHCKo, docunHa NarbuHcko, docunHa [arsnHcko, pocnnHa
Fuel ropviea ropviea ropviea
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

[MpvmapHa 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 rpaheBrMHCKINX
N TePMOTEXHUYKINX
mepa

Energy consumption
after refurbishment
measures

25%
52%
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5
G5

CrambeHO-MNOCNOBHa 3rpaga y
OKBUPY rpagckor 6noka

Cnnunm objekTn
Similar buildings

)

oooo
0000 1>50%
oood

Mixed use building in a row

Kateropuja BMLLENOPOAMYHO CTaHOBarbe  Category multifamily housing
[oavHa n3rpagHe 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

MosplwnHa (M?) HeTo rpejaHa  1000-1500 Area (m?) Net heated 1000-1500
3anpemuHa (m?) HeTo rpejaHa 2500-4000 Volume (m?3) Net heated 2500-4000

CrambeHa 3rpaga pasyheHe 0CHOBe, Ca KOCUM KPOBOM
1 CTAHOBKMA Y MOTKPOBHMM eTaxKama. 31A0BK Cy MacuB-
HVY, 31AaHU AN apmupaHobeToHckn. PacagHy obnory
YMHEe KOHTAKTHM TepMOM30flaLMoHK dacadHu cucTemn
UKW BEHTUAVICaHe dacafjHe obore of pasnNyUTVX MaTe-
pujana. MNposopn cy oa MNBLU-a nan anymmHmjymcky, ca
TEPMOM30MALMOHNM CTAKAOM U MAACTUYHMM UM alyMU-
HUJYMCKMM CMOSbHUM "eciinHrep” poneTHama. Mebhycn-
paTHe KOHCTPYKUWje Cy Hajuellhe MONyMOHTaxHe, ca
MCNyHOM 0f1 Wynsbrx H6rokosa. [Mogpymcke npoctopuje
ce He kopucTe 3a bopasak, a Npu3embe objeKkTa Moxe
OUTU HaMerH-eHO CTaHOBaHY MW TepUmMjanHM AenaTHOC-
TMMa. CBe No3numje TePMUYKOT OMOTaya Cy M30510BaHe.

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 KoMMnekCHOM pasyheHom daca-
[OM MaTepujan3oBaHOM yrnoTpeboM pasnnunTux mare-
puvjana. Ha Tepmorpamy cy npumeTHY rybuum tonnore y
30HM XOPU3OHTANHNX 1 BEPTVIKANHMX apM1paHo 6eToH-
CKUX CEpKNakaHa MecTuMa CrojeBa mnoya Tepaca U
dacafHor 3uaa Kao 1 Ha NpenycTMa niova epkepa. Ha
NojeavHUM MecTMa Ce MOTY YOUWTU M3pasuTo Torne
30He Kao nocseanL) a OTBOPEHNX Npo3opa.

EHepreTcku paspep objekta — noctojehe cTame

QH,nd rel
136

(%]

- 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

> 250
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Cknomnosu TepMmnykor omoTada Elements of the thermal envelope

MocTojehe cTarbe Present state

YHanpeherbe 1 Improvement 1

YHanpeherbe 2 Improvement 2

Crnomaltby 3ug 1 3 3 3 3 3 3
_ E z gz 2
© O © O © O
External Wall 1 £ 3 £ 3 £ 3
= g = 2 = g
(@] (@) (@]
ManTep 2cm, oneka 12cm, Tepmovsonalmja HEMA U3MEHA ManTep 2cm, oneka 12cm, Tepmousonauyija
10cm, oneka 12cm, BELUTaYKM KameH 5cm NO CHANGES 10cm, oneka 12cm, BelTayku KameH 5cm,
plaster 2cm, brick wall 12cm, thermal insulation Tepmom3onaumja 10cm, mantep Tcm
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
U (W/m?K) 0.28 0.28 0.18
Cnosballtby 3ug 2 3 3 3 3 3 3
- E z gz £
© O © @] © o
External Wall 2 £ 3 £ 3 e 3
= g = 2 = g
(@] (@) (@]
mantep 2cm, Ab 31 16cm, Tepmouzonaunja HEMA U3MEHA mMantep 2cm, Ab 31g 16cm, Tepmomsonauuja
10cm, mantep Tcm NO CHANGES 10cm, manTep 1cm, Tepmomsonatmja 10cm,
plaster 2cm, reinforced concrete wall 16cm, mMantep 1cm
thermal insulation 10cm, plaster Tcm plaster 2cm, reinforced concrete wall 16¢cm,
thermal insulation 10cm, plaster Tcm, thermal
insulation 10cm, plaster Tcm
U (W/m?K) 037 0.37 0.19
Cnosballtby 3ua 3 3 3 3 3 3 3
- E 2 g2z £
© O © O © (@]
[oR [oR o
External Wall 3 = 3 £ 3 £ 3
= 2 = 2 = 2
(@] (@) (@]
Mantep 2cm, rutep 610k 25cm, HEMA N3MEHA Mantep 2cm, rutep 6510k 25cm, Tepmow3onaLmja
Tepmownsonaumja 8cm, mantep Tcm NO CHANGES 8cm, mantep 1cm, Tepmomsonaumja 10cm,
plaster 2cm, clay block wall 25cm, thermal mantep 1cm
insulation 8cm, plaster Tcm plaster 2cm, clay block wall 25cm, thermal
insulation 8cm, plaster 1cm, thermal
insulation 10cm, plaster 1cm
U (W/m?K) 041 0.41 0.20
31 Ka HerpejaHom s} < ° s} ° <
2 2 2 Z 2 Z
cTeneHnwTy 1 = E = 3 £ E
aQ P Q © Q -
— = = =
T 5 T 5 B 5
. S = N
Partition Wall 5 5 5
to Unheated Staircase 1 Tepmo Mantep 2cm, Ab 3ug 16cm, Tepmomsona-  HEMA M3MEHA HEMA N3MEHA
Unja 5¢cm, pabruvipaHi Mantep 2cm NO CHANGES NO CHANGES
insulating plaster 2cm, reinforced concrete
wall 16cm, thermal insulation 5¢cm, reinforced
cement plaster 2cm
U (W/mK) 0.52 0.52 0.52
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Cknonosu TepMmnykor omoTada Elements of the thermal envelope

31 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
KOHCTpYyKUMja U3Haa
OTBOPEHOr NpoCcTOpa

Floor Construction to
Outside Area

U (W/m?K)
Koc kpoB

Pitched roof

U (W/m?K)

MocTojehe cTarbe Present state

YHyTpa Inside
Cnossa Outside

ManTep 2cm, rutep 610k 19cm, Tepmo
Mantep 2cm

plaster 2cm, clay block wall 19cm, insulating
plaster 2cm

1.34

YHyTpa Inside
Cnospa Outside

Mantep 2cm, rutep 610k 19cm,
Tepmowmsonaymja 10cm

plaster 2cm, clay block wall 19cm,thermal
insulation 10cm

0.34

YHyTpa Inside

Cnospa Outside

napkeT 2,2cm, Lem. kolwysbiua 4cm, ME donuja,
3ByYHa M3onaumja 2cm, Ab nnoya 18cm,
Tepmonzonauuja 10cm, Mantep Ha pabwiy 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, Aallyasa onnara 2.4cm, por
10/14cm Ha 80cm/Basayx 2cm + TepMOon30-
naumja 12cm, MBL dponuja, 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

YHanpeherbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA
NO CHANGES

—_

34

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.34

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA
NO CHANGES

0.25

Cnospa Outside

YHyTpa Inside

HEMA M3MEHA
NO CHANGES

0.36

YHanpehetbe 2 Improvement 2

YHyTpa Inside
Cnorba Outside

rMantep 2cm, rutep 610k 19cm,
Tepmomsonaumja 5cm, mantep Tcm
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 V3MEHA
NO CHANGES

0.25

Cnoma Outside

YHyTpa Inside

71M, Tep Nanup, Aallyara onnara 2.4cm, por
10/ 14cm Ha 80cm/Basayx 2cm + TepmMomn3ona-
umja 12cm,tepmomzonaumja 12cm, MBL| donnja,
TUNC 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, thermal insulation 12cm,
PVC foil, gypsum board 1.25cm

0.17
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Cknornosu TepMmuykor omoTada Elements of the thermal envelope

Mpo3opw 1 GanKkoHcKa
BpaTa

Windows and Balcony
Doors

U (W/m?K)

YnasHa Bpata

Entrance door

U (W/m?K)

MNMocTojehe cTarbe Present state

[MBL| ca ABOCNOjHMM 130MaLNOHKM
HUCKOEMUCHOHMM CTaKM0-MNaKeTOM.
Cnosbalutbe anyM1HUjyMCKe xany3unHe

PVC, double glazed low-E glass unit.
External aluminium blind

YHanpeherbe 1 Improvement 1

[MBL| ca TpoCcnojHMM 1301aLMoHM
HUCKOEMUCHOHWM CTaKMO-NaKeToM
MyHEHUM UHEPTHIIM racoM

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

YHanpehetrbe 2 Improvement 2

[MBL| ca TPOCNOjHMM M30NaLMOHIM
HUCKOEMUCHOHUM CTaK/0-MaKeTom
NYy+HEHUM UHEPTHIM racom

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

1.70 1.00 1.00
[pBeHa, AynnowneposaHa HEMA M3MEHA MeTanHa, Kpuno ca TepMoM301aLKIOHOM
- - NCNyHOM
Wooden, plywood leaf NO CHANGES -
Metal, insulated leaf
3.00 3.00 1.50

Cuctemu rpejatba v npunpeme Torse Boge Heating and hot water system

Cnctem 3arpeBarba
npocTopuja

Heating system

CreneH nckopuwherba
cucTemMa rpejarba

Heating system
efficiency factor

374

JlarbMHCKO rpejarbe Ha pocunHa ropmea

District heating system (fossil fuel)

[larbnHcKo rpejarbe Ha pocunHa ropyiga.
TepmocTaTcku BeHTUW. ModepHu3aumja
nofcTaHnue - perynauyja 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.

[arbmHcKo rpejarbe Ha GocrnHa ropvisa.
TepmocTaTcku BeHTUW. MoAepHYi3aLmja
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

Cnctemu rpejarba 1 npunpeme Tonne Boge Heating and hot water system

MocTojehe cTame Present state YHanpebherbe 1 Improvement 1 YHanpehetrbe 2 Improvement 2
Cuctem npunpeme
TOonne Boae
Hot water system
EnekTpuunu 6ojnep LleHTpanHu cnuctem npunpeme LleHTpanHu cnctem npunpeme
- noBesaH Ca CMCTeMom rpejarba, noBe3aH Cca cnMcTeMmom rpejaHaa n
Electric boiler /3merbrBay TonnoTte ca CUCTEMOM CONAPHWMX KoNekTopa.
CNPemMHMKOM y nmoaCTaHNLN. 3metrbrBay 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 Yrpagrea HoBux npo3opa oA NBLl npoduna ca TPOCNOjHM 130NaLMOHUM HACKOEMUCKOHUM CTaKo-nakeTom. ®  Yrpaarba TEPMOCTATCKMX
BEHTWNa NO CTaHoBMMa. MogepHm3aLmja NoACTaHNLE YrpaOoM CCTeMa 3a perynalmjy NpoToka npema CrosbHOj TeMnepaTypu U Meperbem
“cnopydeHe eHepruje. Hannata npema NoTpoLLHbK MePeHoj y MOACTaHWLW. YrpafHea LieHTPanHor crcTema nprnpeme Tomnse BoAe NoBe3aHor

Improvement 1 Ca C/CTeMOM 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.

YHanpeF)eH:eZ [lonatHo M3onoBarbe dacafHyx 31A0Ba KOHTAKTHOM TEPMOWM30MaLMOHOM (Gacafom. V/130noBare YHyTpallHbyVX 31A0BA Ka HerpejaHom
npocTopy (xofHuK/cTenermwTe). [logaTHO 130M10Bakbe KPOBHE KOHCTPYKLMje ca yHyTpalute CTpaHe. Yrpaara HoBMx nposopa of MBL
npoduna ca TPOCNOJHVIM U30MALMOHMM HUCKOBMUCVOHMM CTaKNo-NakeToM. Yrpatba HOBUX MeTafHMX TepMOW3OOoBaHWX Bpata. @

Improvement 2 Yrpafba TepMOCTAaTCKUX BeHTUNa No CTaHoBMMa. MofiepH/3aLmja NoACTaHMLE YrpaHboM CUcTeMa 3a perynalivjy NpoToka npema CrosbHoj
TemMnepaTypu 1 MeperbeM UCopyueHe eHepruje. Yrpaatba MyMne ca NPOMEHbUBIM NPOTOKOM 1 OuMTaBakeM NOTPOLMe eHepriije.
Hannata npema noTpoLwby MepeHoj y NOACTaHMLM. Yrpa/rba LIeHTPaNHOr chCTeMa Npunpeme Tomse BoAe NOBe3aHor Ca CUCTEMOM rpejarba,
Ca IONyHCKMM CUCTEMOM CONlapHIX KOMIeKTOPa 3a NOAPLIKY Y MPUNpemm ToMfe CaH1TapHe Bofe.

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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YHanpehetrbe TepMuuKor oMmoTaua — eHepreTckn 6unaHc * Thermal envelope improvement — energy balance *

MNocTojehe cTarbe Present state YHanpeherbe 1 Improvement 1 YHanpehetbe 2 Improvement 2
TonnoTHK ryouum 700 700 700
enemeHara TepM1YKor
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 ] =R
123 456 7 89 123 456 7 89 123 456 7 89

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 OTBOPEHOr 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 %) g
EHepreTcku paspeq

- | ) I I

Energy class

CneyndunuHa roguiutba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?/ roauiirse]

®uHanHa eHepruja

Final ener [ we ] [ mose ] [ osm ]
& e e e

[KWh] 0 50 100% 0 50 100% 0 50 100%

* npema NpaBunHUKy o 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 CMCTEMOM rpejarba — eHepreTckn bunaHc
Thermal envelope improvement with heating system - energy balance

MNocTtojehe cTare Present state YHanpebhetbe T Improvement 1 YHanpebherbe 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
- [NamuHcko, docnnHa [NamunHcko, docnnHa [amuHcko, docnnHa
Fuel ropvisa ropvisa ropvsa
District heating / fossil fuel District heating / fossil fuel District heating / fossil fuel

lNpumapHa eHepruja

Primary energy
[KWh]
[

112281
38%

Emncmja CO,

CO, emission
[

| [ N |
It] 0 50 100% 0 50 100% 0 100%

lNoTpouwmsa eHepruje

[ O B
50
3a rpejarbe HakoH
npumeHe rpafeBUHCKNX
1 TEPMOTEXHUYKMX
mMepa 38%
Energy consumption
after refurbishment
measures
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