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HaumoHanHa Tnonorvja 3rpafa npeaLwkonckux yctaHosa Cpbuje National Typology of Kindergartens in Serbia

1.YBO[

O6VMHO MpoyYaBarbe MaTepUjaHO-TEXHUUKMX Ka-
pakTepucTvKa rpahesuHckor doHaa Cpbuje, y3 noced-
HV OCBPT Ha acrnekTe eHepreTcke edUKacHOCTY, 06aBMno
je ncTpakmBauKM TMM APXMTEKTOHCKON dakynTeTa y be-
orpagy y nepuogy 2011-2013. roguHe. Gokyc npoyya-
Bakba je HaMeHCKM yCcMepeH Ha doHf cTamMbeHwx 3rpada
1 pe3ynTripao je popmmnparbem HauyoHanHe Tunonoruje
cTambeHnx 3rpafa Cpbuje, y3 feTasbHO carnefaBake
eHepreTckmnx nepdopmaHck noctojeher CTara M Ba-
PUjaHTHMX MOTYRHOCTW 33 HIXOBO yHanpeherbe.

1. INTRODUCTION

Between 2011 and 2013, the research team from the
Faculty of Architecture in Belgrade conducted a compre-
hensive study into the material and technical character-
istics of the building stock in Serbia, with particular refer-
ence to the aspects of energy efficiency. The focus of the
study was specifically targeted at the housing stock, and
it resulted in the formation of the National Typology of
Residential Buildings of Serbia, with a detailed evaluation
of its current energy performance and the variant possi-
bilities for its improvement.



OBWMHI pe3ynTaTit OBOT MCTPaXMBaHba Cy NyOAnMKo-
BaHW y TpW MOHOrpaduje’.

DopMMpaH METOLOMOLKM NPUCTYM, Y3 YBaXKaBarbe
ofipeheHnx cneunduUHOCTY, NPUMEHEH je 1 Ha doHA
jaBHWX 3rpaja, TO JeCT Ha CEMMEHT KOjU UMHe WKOMCKe U
NpeALWKoncKe ycTaHoBe. Y3 MOAPLIKY MCTpaxmnBada ca
MalmrHckor 1 EnekTpoTexHuukor dakynteta npoyya-
Barbe je AeTarbHO 00yXBaTUNO Kako rpaheBMHCKe, Tako
N TEXHMYKO-TEXHOJSOWKE KapaKTepUCTUKe 3rpafa, Y3
carnefaeakbe MoryhHocTv yHanpehersa nepdopmaHcH
1 noBehara HYBOA eHepreTcke edprKacHOCTY Yy mpoLecy
CBeobyxBaTHe pexabunutauuje. Pa3soj Tunonoruje WKon-
CKMX M MPEALIKONCKMX 3rpaja je nogpxao M3 (Deutsche
Gesellschaft fir Internationale Zusammenarbeit GmbH)
a pesynTatu cy, 360r 0bMMHOr mMaTepujana 1 pPasHoOIN-
KOCTM MOjeAVHYMX acnekaTa, CTRYKTYpUPaHL Y BUAY Tpu
MOHorpadwje:

« Kroura 1 32pade wKosckux u npeowKoscKux ycma-
HOBA — MemOoOOJIOWKU OK8UP hopMupared muno-
Jl02uje U noborWara eHepeemcke epukacHocmu
npeAcTaB/ba UCTOPUMJCKU Npernief] pa3Boja 3rpaja
WKOMCKMX 1 NPeALKONCKMX YCTaHOBa?, Pa3Boj pery-
natvee ose 00NacTu, METOAONOMMjy BPWEHA NOMK-
ca v popmuparba TUMNonoruje 3rpada, NpopadyH no-
TeHUMjaHe ywTefe eHeprvje 1 cMarberba emucnje
yribeH-AVOKCMA KPO3 NpoLiece eHepreTcke obHOBe
3rpafa Ha HvBoy Penybnvke Cpbuje,

+ Krbura 2 Tunosozuja wKosckux 32paoa

+ Krbura 3 Tunosozuja 32pada npedwKocKux ycmaHosa

! Bupetn moHorpadwje rpyne aytopa (JosaHoswh MNonosmh M,
Virrvatosuh [, Pagmsojeswnh A, Pajuvih A, iykosumh Virsatosuh
H, Bykarosuh Jb. n Heanuh M) y n3narby GlZ-a n ApxuteKToH-
cKor dakynteta: Amaac nopoduyHux kyha Cpbuje/Atlas of Family
housing in Serbia (2012), Amnac suwenopoduyHux 32paoa
Cpbuje/Atlas of Family housing in Serbia (2013) v HayuoHanHa
munonoeuja cmambeHux 32pada Cpbuje/National Typology of
Residential Buildings in Serbia (2013).

? Mo Baxxehoj 3aKOHCKOJ perynatvsm nog 3rpagama
NPEeALLKONCKMX YCTaHOBA Ce MofpasyMeBajy CBe yCTaHOBe
HamMerbeHe el NPeaLKONCKOr y3pacTa. Y OKBMpPY OBOT
MCTpaxmnBarba odyxsaheHe Cy 3rpage feumjux yctaHoBa -
BpTvha v jacimua.

YBop Introduction

The extensive results of this research were published
in three monographs.!

With certain modifications to recognize the under-
lying distinctions, the established methodological ap-
proach was then also applied to the stock of public
buildings, i.e, to its segment comprising of school and
preschool institutions?. With the support of the research-
ers from the Faculties of Mechanical and Electrical Engi-
neering, the study provided a detailed insight into the
construction and technical and technological character-
istics of buildings, at the same time considering how the
performance and energy efficiency could be improved
in the process of comprehensive rehabilitation. The de-
velopment of the typology of school and preschool
buildings was supported by the GIZ (Deutsche Gesells-
chaft fur Internationale Zusammenarbeit GmbH). On the
account of the extensive scope of the research and the
distinctiveness of certain aspects, the results were re-
ported in three monographs:

Book 1 School and Kindergarten Buildings -

A methodological framework for the formation of

typology and the improvement of energy efficiency,

which provides a historical overview of the develop-
ment of school and kindergarten buildings, the ad-
vancement of the regulations in this field, the meth-
odology of the inventory and the formation of the
typology of buildings, and the calculations of poten-

tial energy savings and the reduction of carbon di-

oxide emissions through the processes of energy-ef-

ficient renovation of the buildings

Book 2 Typology of School Buildings

Book 3 Typology of Kindergartens

' See monographs by a group of authors (Jovanovi¢ Popovic¢
M, Ignjatovi¢ D, Radivojevi¢ A, Rajci¢ A, Cukovi¢ Ignjatovic
N., Bukanovi¢ Lj. & Nedi¢ M.) published by GIZ and Faculty
of Architecture: Atlas of Family Housing in Serbia (2012), Atlas
of Family Housing in Serbia (2013) and National Typology of
Residential Buildings in Serbia (2013).

2 According to current legislation in Serbia, under the
preschool institutions, all institutions intended for children of
preschool age are assumed. Within this research are included
buildings of children’s institutions - kindergartens and
nurseries, in following text kindergartens
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MoacTvuaj 3a UCTpaxuMBarbe KeanuTeTa 3rpaga jas-
He HameHe jecTe y unbeHUUM A3, y3 cTambeHe 3rpaje,
OHe 4MHe Hajeehur feo rpaheBMHCKOr GOHAR, a HKXO-
BOM €HepreTckom OOHOBOM Ce MOXe, Y BENVKOj MepH,
CMarbUTV MOTPOLWHA eHEPrje, Kao U emucuhja yribeH-
anokenaa y Cpbuju. Takohe, unaHcTBOM y EHepreTckoj
3ajeaHuup, Cpbuja je npeysena Ha cebe obasese y obna-
CTV yHanpehera eHepreTcke epuKacHOCTY 3rpaa, a u-
peKkTnBe EHepreTcke 3ajefHuiLe Cy, NpyY ToM, Npey3eTe 1
ycknaheHe ca [JnpekTnsama EBponcke yHuje® .

Krbuira 3 Tunonoeuja 3epada npedKonckux ycmaHosa
Knacuduikyje aHanmsvipaHu cermeHT GoHAa NPeALKon-
CKMX YCTaHOBA, MPBEHCTBEHO NPema NOBPLWNHK 1 Nepw-
ofly rpafrbe, y3 MAeHTUOUKaLW)y TUNMYHKX NpeacTas-
HVKa. VIcToBpemeHo, y OKBMPY TURNonorvje ce yTephyjy
1 eHepreTcke nepdopmaHce 1 aHanmsnpajy moryim Hu-
BOW eHepreTcke 0OHOBe, He Camo OMOTaua 3rpage seh
1 MaLLMHCKMX 1 eneKTpoeHepreTckux cnuctema. Mepdop-
MaHce nojeAnHauYHMX TMMOBA Ce, Y CKNady ca CTeneHom
3aCTyN/bEHOCTY, objeantbasajy aeduHunwyhu v notex-
UpjanHe ywTefe eHeprvje Ha HMBoY Penybnnke Cpbuje.
V13abpaHn 1 NpriKasaHy penpeseHTn NaeHTUGUKOBaHNX
TMNOBa MPeACTaBsbajy peanHe 3rpafe Koje ofrosapajy
MOJENICKUM KapaKTepucTMKama yTBPHEHMM Ha OCHOBY
nonuca 1 NPUMEHOM NPMHLUMNA KnacTep aHanwmse. 3Ha-
uaj TMNonowke Knacudukaunje 3rpaga NPeawKoNCKmx
yCTaHOBa Ce orfefa y yHVBep3anHoCTH yTBphHeHMX MeTo-
Aa 0bHOBE, TO JeCT WNPOKO] MPUMEHSBUBOCTM HEOMXOA-
HOJj MPW [OHOLEHY CTPaTELKMX OAYKa Kako Ha HKBOY
NOKaHMX CamoynpaBga, Tako 1 Ha Husoy Cpbuje.

? Directive 2010/31/EU on the energy performance of
buildings (recast) - 19 May 2010 1

Directive 2012/27/EU of the European Parliament and of the
Council of 25 October 2012 on energy efficiency, amending
Directives 2009/125/EC and 2010/30/EU and repealing
Directives 2004/8/EC and 2006/32/EC Text with EEA relevance

The incentive to research the quality of public build-
ings was provided by the fact that they, along with
residential buildings, account for the largest share
of the building stock and that their energy-efficient
renovation can greatly reduce energy consump-
tion and carbon dioxide emissions in Serbia. More-
over, by joining the Energy Community, Serbia has
assumed obligations that are concerned with the
improvement of the energy efficiency of buildings.

The Energy Community Directives have been adopt-

ed from and harmonized with the European Union

Directives.?

Book 3 Typology of Kindergartens puts forward the
classification of the analyzed segment of the building
stock based primarily on the floor area and the period of
construction, and identifies the typical representatives.
In addition, the typology includes the evaluation of en-
ergy performance and the analysis of the potential scope
of energy-efficient renovation of not only the envelope
of the buildings but also their mechanical and electrical
installation systems. The performance of the individual
types was combined relative to their distribution so that
potential energy savings could be defined at the level
of the Republic of Serbia. The selected and presented
samples of the identified types represent real buildings
that correspond to the model characteristics determined
upon the inventory and the cluster analysis results. The
significance of the typological classification of kindergar-
ten buildings is reflected in the universal presence of the
established renovation methods and their wide applica-
bility needed in strategic decision-making at both local
self-government and national levels.

* Directive 2010/31/EU on the energy performance of
buildings (recast) - 19 May 2010 and

Directive 2012/27/EU of the European Parliament and of the
Council of 25 October 2012 on energy efficiency, amending
Directives 2009/125/EC and 2010/30/EU and repealing
Directives 2004/8/EC and 2006/32/EC Text with EEA relevance



3rpafe NpeALKONCKYX ycTaHoBa Y 6pojeBrmva Kindergartens in Figures

2.3rPAZE NPEAWKONCKMUX YCTAHOBA'Y BPOJEBVIMA

Monuc 3rpafla NpeawKonckux yctaHosa (BpTvha) je
BPLLUEH MCTOBPEMEHO Ca MOMUCOM LWKOMCKMUX 3rpaaa To-
Kom 2016-2017. roguHe. MneHtndukauvja je obyxsatmna
CaMo 3rpaje y LenocTn HamereHe MPEeLKONCKMM YCTa-
HOBaMa, Tako [a YCTaHOBe NouMpaHe, Ha npumMep, y Npu-
3eM/bMMa BEIMKUX 3rpaja Hucy obyxsaheHe. Takobe,
HMCY MOMWCUBAHE HI NPeAWKOCKe YCTaHoBe Y NpuBaT-
HOM BMACHMWTBY. [onuc 3rpada NpeaLKOoCKmNX yCTaHOBa
je Npeno3Hao 1 cneunduyHy CTPYKTYpY Cammx YCTaHOBa
3HATHO PA3MYUNMTY Off LWKOCKMX. Y OMNWTMHaMA Ce, y 3aBU-
CHOCTW Off BENNUMHe, Hanasw Hajuelwhe jeaHa NpeawKon-
CKa YCTaHOBa KOjy MOXe fla UMHW BeNMKK 6poj NocebHmx
jeavHMLa, a cammm TM 1 objekaTa. Heke onwTnHe noce-
ayjy v npeko 30 jeanHK1La Ha CBOjOj TepUTOPUjU.

Kako 6u ce omoryhuna nakiia obpaga noaaraka u
FbMXOBA aHaNM3a, KperpaHa je oarosapajyha 6asa noga-
Taka ¥ 3a Ty CBPXY HAaMEHCKM HanucaH codtaep. [Mpo-
Leaypa dopmuparba 6aze 1 copteepa feTabHO je 0bja-
WHeHa Y KhW3n 32pade WKOACKUX U NPEOWKOICKUX
YCMAaHo8a — MemodosIOWKU OK8UP (hOpMUPArLA MUNO/Io-
2uje U hobosbWarka eHepeemcke eukacHoCMu.

Byayhu aa He nocToju 6asa nofataka o jaBHUM 3rpa-
[laMa, Kako Ha HaLMOHANIHOM TakKO W SIOKATHOM HUBOY,
YIWUTHWLM CY HaMerbeHW MOMMCY Ha HUBOY NOKasnHe ca-
moynpase. OHK Cy CTPYKTYPUPaHW Ha BHLLIE HMBOA KaKo
6V ce NpuKynuAM nofaum o wro Behem 6pojy jaBHUX
3rpaja Ha aHanu3npaHoj TepuTopuju.

AHanm3a OBMX MofaTaka je BplleHa Kopuwhersem
pa3BujeHor codpTBepa Koju je omoryhiro npetpaxkmearbe
6a3e No CBMM peneBaHTHUM NTarbkma pacnopeheHnm y
OKBVIPY TPW HMBOA YNUTHMKA®:

+  TMPBM HMBO YNUTHMKa 0byxBaTa NeT N1Taka Yvme ce
BPLM OCHOBHA MAeHTUGMKaUWja MHCTUTYLWje jaBHe
HameHe,

« APYrV HUBO YMUTHUKA YMHK 14 MUTarba HaMereHwxX
Y)KEM CerMeHTy jaBHMX 3rpafa: agMUHUCTPATUBHE

*Y Krom3n 1 32pade WKOCKUX U NpeoOWKOICKUX yCMAaHo8ad —
MemoOoIOWKU OK8UP (hopMupara munosioauje U Nobosbuwarea
eHepeemcke ehukacHocmu [aTo je npeunsHo objallberse
CTPYKTYPE 1 HaunHa Gopmmparba yrmnTHYKa

2. KINDERGARTENS IN FIGURES

The inventory of kindergartens was compiled in
2016-2017, concurrently with the inventory of school
buildings. Only the buildings entirely intended for pre-
school institutions were identified, so that the estab-
lishments located within other premises, e.g. on the
ground floor of large buildings, were not included; pri-
vately owned kindergartens also did not enter the list.
The compilation of the inventory of preschool buildings
had to take into account the specific structure of these
institutions, which is significantly different from that of
schools. Depending on its size, a municipality can have
one preschool institution with a large number of sep-
arate units in its organization that operate in a corre-
sponding number of buildings. Thus, some municipali-
ties have over thirty such units in their territory.

The data processing and analysis were facilitated by
a specially created database and purpose-written soft-
ware. The procedures for creating the database and the
software are explained in detail in School and Kindergar-
ten Buildings — A methodological framework for the forma-
tion of typology and the improvement of energy efficiency.

Given the lack of a database on public buildings at
either the national or the local level, the questionnaires
were intended for the inventory at a local self-govern-
ment level. They were structured on several levels in or-
der to gather, with varying degrees of detail, the data
on as many public buildings as possible in the given
territory.

The data were analyzed using the software devel-
oped to enable searching the database on all relevant
questions within the three levels of the questionnaire:*

The first level contained five basic questions, used

for primary identification of public bodies;

The second level contained 14 questions, intended

for a narrow segment of public buildings: adminis-

trative buildings, schools, and kindergartens. The

4School and Kindergarten Buildings — A methodological
framework for the formation of typology and the improvement
of energy efficiency offers a precise explanation of the structure
and the method of forming the questionnaire
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3rpage, WKoMe 1 3rpafe NpemnwKonCKmx yCTaHoBa.
MUTarbMa Ha OBOM HWBOY Ce fJeduHuLLIe NONoXaj
(appeca, KaTacTapcka napuena), NpysKajy OCHOBHM
nofauu o 3rpaau (Bpeme rpaherba, HameHa y nepu-
ofly rpafitbe, NoCTojakbe enabopata eHepreTcke epu-
KaCHOCTU WK 13BELLITaja O eHEPreTCKOM mperneay,
Kao 1 cepTdrKaTa O eHepreTCKMM CBOjCTBYMA 3rpa-
1a, Tj. eHepreTcKor nacoua),

- Tpehn, 1 HAjOOUMHWM}M, HMBO YMUTHWKA CafpPXM
48 NuTarba HaMerbeHMX CaMO 3a 3rpafe WKOMCKMX
M NpefwKonckvx yctaHoa. OH [eTa/bHO nonu-
Cyje apXUTEKTOHCKE KapaKTEPUCTUKE 3rpafda, anu
VI VIHCTanaumoHe CUCTeme W3 JOMEHa MaLMHCKKX 1
enekTpoMHCTanaumja.

HakoH cnposeaeHOr NMonmca, yHolwera nofataka y
bopmrpaHy 6asy, 13BpLLeHa je Banuaalmja NpUKynbe-
HWUX MNOfaTaka, LWTO je AOBEeNO A0 3HAaTHOI CMatberba
Y30pKa KOju YMHe 563 3rpaje feunjnx yCTaHoBa.

Bpoj 3rpapa npeaLwkonckmx yctaHosa y Cpbuju

YkynaH 6poj 3rpafa NPeALLKONCKMX ycTaHoBa y Cp-
6ujv aHanM3MpaH je Ha OCHOBY jaBHO AOCTYMHVIX NOAATaKa.
1. Topaum Penybnumukor 3aBofa 3a cTatnctuky Cpbuje

Koju pefoBHO objaBrbyje nybnukaumje M3 pasnmuu-

TMx 0bnacTv Na Tako 1 0bpaszoBatba. 3aBOf CBake ro-

AVIHe CMPOBOAM MOMUC feunjux ycTaHoBsa fa bu ce

YyTBPAMO O6pOj yCTaHOBa, 6poj rpyna, obyxsaT Aelle,

nof, jesnk Ha Kome ce BPLWM BaCMUTHO-0OPa3oBHM

pan.. bpoj 3rpaga NPeALIKOACKMX YCTaHOBa Ce Mo-

MUHbe Yy HEKONMKO Nybnmnkauwmja Kojuma je moryhe

NPUCTYNUTU 1 NPEKO CajTa 3aBopa:

Cmamucmuyku 200ukak Penybnuke Cpbuje —
06pazosarse® Koju ce 0bjaBrbyje rogmibe,

« CaonuwrTetba: OCHOBHO WKOCKO 06pad3osarbe y

Penybuyu Cpbuju® koja ce 0bjaBsbyjy MOYETKOM
¥ Kpajem CBake LUKOJICKe rofuHe,

> http://www.stat.gov.rs/WebSite/repository/
documents/00/02/72/33/16._Obrazovanje.pdf

¢ http://beta.stat.gov.rs/sr-latn/oblasti/obrazovanje/
predskolsko-vaspitanje-i-obrazovanje/

questions at this level specified the location (ad-
dress, cadastral parcel) and basic data on the build-
ing (period of construction, purpose at the time of
construction, the existence of an energy efficiency
study, an energy audit report, or a certificate of en-
ergy performance of the buildings, i.e. the energy
passport); and,

The third and most comprehensive level contained
48 questions, intended exclusively for school and kin-
dergartens. It listed the architectural characteristics
of the buildings as well as the mechanical and elec-
trical installation systems.

After the compilation of the inventory, the data were
entered into the database and validated, upon which
the sample was significantly reduced to 563 buildings of
childcare institutions (kindergartens).

The number of kindergartens in Serbia

The total number of kindergarten buildings in Serbia
was analyzed upon publicly available data.

1. The data from the Statistical Office of the Republic of
Serbia, which regularly issues publications from vari-
ous fields, including education. Every year, the Office
compiles a list of kindergartens in order to establish
the number of institutions, the number of groups,
availability, gender breakdown, the language of in-
struction, etc. The number of the buildings of pre-
school institutions can be found in several publica-
tions accessible through the Office website:

Statistical Yearbook of the Republic of Serbia -
Education,” published annually;

The Communiqués: Primary School Education in
the Republic of Serbia® published at the begin-
ning and end of each school year;

The profile of the Republic of Serbia for 2017;

> http://www.stat.gov.rs/WebSite/repository/
documents/00/02/72/33/16._Obrazovanje.pdf

© http://beta.stat.gov.rs/sr-latn/oblasti/obrazovanje/
predskolsko-vaspitanje-i-obrazovanje/

’ http://devinfo.stat.gov.rs/SerbiaProfileLauncher/files/profiles/
sr/1/DI_Profil_Republika%20Srbija_EURSRB.pdf
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-« nybnukauwja koja Aaje npodun Penybnvike
Cpbuije 3a 2017. rognHy’.

2. Jlncte cBux NPeaLKONCKNX YCTaHOBA Y JPKaBHOM 1
NPVBATHOM BNIACHULTBY MO OMNWTUHAMa AOCTYMHUX
Ha vHTepeTy®. MoTpebHO je HarnacuTV Aa BENMKM
6poj NoKanHMx camoynpasa, TO jecT rpafoBa, Ha MH-
TepHeT npeseHTauunjama, NprKasyje Nonuc npeaL-
KOJCKMX YCTAHOBA Ca CBUM NHAVBULYANHVIM jeAVNHN-
Llama Koju Cy Aeo Te NpeaLKoncKe ycTaHose.?

3. MMHUCTapCTBO NPOCBETE, HayKe 1 TeXHOOLWKOT Pas-
BOja, Ha CBOJOj VHTEPHET Mpe3eHTauujy, NpyKa 1H-
dopmalivje 0 peneBaHTHUM MPONMUCKMA KOjU Ce Ty
npefLWwKoncKor obpasosarba 1 BacmuTatba. [peseH-
Taluja He Npy»Ka AeTarbHuje HdopMaLmje o NpeaL-
KOMCKMM ycTaHoBama, byayhn aa oBaj obnnk co-
UpWjanHe 3alTuTe Cnaja y LeNoKpyr pafa NoKanHux
CamoynpaBga, TO jecT rpafosa.

[Npernefom OBKMX M3BOPa KOHCTaTOBaHO je fa ce pe-
neBaHTaH 6POj 3rpafa HameHeHVX Aeunjm yCTaHOoBaMa
npefLwKonckor obpasosarba Moxe Hahu camo y nopa-
umma Penybnuukor 3aBofa 3a CTaTUCTUKy. pyrn n3sopu
npy*ajy Hajuewhe nomatke o H6pojy yCTaHOBa W Nojeau-
HUX JeAMHMLA He pa3MaTpajynin HixoBe MPOCTOPHE Ka-
pakTepUCTIKe, TO jecT NoCTojakbe 3acebHMX 3rpafa Wnm
CMeLwTaj y ipyre, Mo HameHW, pasnnuunte, objekte. byayhu
Ja ce 6poj 3rpafa NPefWKONCKMX YCTaHOBa MeHba CBake
rofnHe, Mafa Te NPOMeHe HICY 3HaJajHe ¥ M3HOCe Matbe
0f1 5% yKynHor 6poja, 3a Aasby aHanm3sy yCBojeH je 6poj oa
2.580 3rpafa Ha OCHOBY nofaTaka 3a 2016. roguHy.

KapaktepucTuke 3rpafa NpPefwKoncknx ycrtaHoBa
HaMeHCKW v3rpaheHmnx Ha Teputopujn Cpbuje, nnm oHmx
KOje Cy afianTvpaHe 1 KOpWCTe Ce 3a Ty HaMeHy, Ha OC-
HOBY M3BPLUEHOr UCTPaXKMBarba MOTY Ce MCKasaTh Kpo3
Behu 6poj acnekata obpaheHnx y farbem TeKCTy.

’ http://devinfo.stat.gov.rs/SerbiaProfileLauncher/files/profiles/
sr/1/DI_Profil_Republika%20Srbija_EURSRB.pdf

% http://osnovneskole.edukacija.rs/drzavni-vrtici

? http://www.beograd.rs/lat/
gradska-vlast/2370-ustanove-decje-zastite/

2. The lists of all preschool institutions in state and pri-
vate ownership by municipalities, available on the
internet?® It should be emphasized that, on their In-
ternet presentations, a large number of local self-
governments or cities provide a list of kindergar-
tens in their territory with all their separate operating
units;’

3. The information provided by the Ministry of Educa-
tion of Science and Technological Development on
its website on relevant regulations concerning pre-
school education and childcare. The presentation
does not provide detailed data on preschool institu-
tions since this form of social protection falls within
the scope of work of local self-governments or cities.

The overview of all the sources suggested that the
relevant number of buildings intended for kindergartens
could be found only in the data of the Statistical Office of
the Republic of Serbia. Generally, the other sources pro-
vide the information on the number of institutions and
individual units without considering their spatial charac-
teristics, i.e., whether the facilities are located in dedicat-
ed buildings or accommodated in premises intended for
other purposes. Taking into consideration the fact that
the annual variations in the number of preschool insti-
tutions generally do not exceed 5% of the overall num-
ber, the total of 2,580 buildings from the 2016 data was
adopted for further analysis.

The characteristics of the kindergartens on the ter-
ritory of Serbia, both those that were purpose-built and
those that were adapted and repurposed, can be ex-
pressed through a number of aspects discussed below.

% http://osnovneskole.edukacija.rs/drzavni-vrtici
° http//www.beograd.rs/lat/
gradska-vlast/2370-ustanove-decje-zastite/



HaumoHanHa Tnonorvja 3rpafa npeaLwkonckux yctaHosa Cpbuje National Typology of Kindergartens in Serbia

Mepwvion n3rpagre

OcHoBHa nepuoamnsaLja 1srpage 3rpaja npeat-
KONCKMX YCTaHOBa je yCBOjeHa y CKiafdy ca nepvioaw3sa-
LMjoM CTambeHe 13rpaarbe, TO JecT WKOMCKMX 3rpaja, C
0031MpOM Ha TO fia Cy TPEHAOBW V3rpadHe Beoma Cny-
HU. Knacvdukaumjom nommcaHvx 3rpafa, npema Bpe-
MeHy Kafa Cy v3rpaheHe, youaBa ce fa je cauyBaH pe-
NaTMBHO BenViKM 6poj 3rpaja w3 nepuoda npe [psor
cBeTcKor paTa. OBaj nofatak vnak Tpeba y3eTn ca pesep-
BOM 3aTO LWTO Ce, MO NPBWAY, Paau O CTaMbeHUM Bua-
Ma MK 3rpafama Apyrnx HameHa KacHuje agantuipaHvim
y feunje ycTaHoBe. Y HapegHom nepuogy 1919-1945. ce
yoyaBa MaeHTMYaH TpeHs, TO JeCT jaBrbajy ce CAMUHMN TU-
nosw objekata. HajyHTeH3VBHMja M3rpadHa HaMeHCKIX
objekaTa NMPEeALIKONCKMX YCTaHOBa youaBa ce y nepw-
ofy namehy 70-vx 1 80-ux roamHa 20. Beka. MNopenehun
Ca nofaumma JOCTYMHMM Y TUMONOrNji CTambeHwx 3rpa-
Ja KOHCTaTyje ce fa u3rpaaba feunjyix yctaHoBa npatn
TpeHaoBe cTambeHe m3rpadre, Oyayhu aa je ynpaso y
TOM Nepwuofdy n3rpaheH Hajgehn doHa cTambeHnx 3rpa-
[la Kako Mo 6pojy, Tako v No NoBpwnHA.'® MpoueHTyanHa
pacnofena nonucaHnx 3rpaga NPeaLwKoNCK1X yCTaHoBa
M0 BPeMeHCKO] Knacudukaumjn Aatoj y ynuTHUKY npurka-
3aHa je Ha lpadmkoHy 2.1.

lpadukoH 2.1. 3aCTyn/beHOCT 3rpafja NPeLKONCKMX YCTaHOBA
npema nepuoay nsrpagre [%]

<1919
1919-1945.
1946-1960.
1961-1970.
1971-1980.
1981-1990.
1991-2012.

>2012.

Huje pedunHmMcaHo N/A

Period of construction

Owing to the similarity in trends, the basic periodi-
zation of kindergarten building construction was adopt-
ed in accordance with the periods of the construction of
schools and housing. The classification of the buildings
from the inventory by the period of construction may
suggest that a relatively large number of buildings from
the period prior to the First World War were preserved.
However, this information needs to be taken with great
reserve because these are generally residential villas or
buildings of other purposes that were later adapted to
accommodate childcare facilities. In the period that fol-
lowed, 1919-1945, the identical trend was observed,
and similar types of buildings occurred. The most inten-
sive construction of purpose-built preschool facilities oc-
curred between the 1970s and 1980s. In comparison to
the data available in the typology of residential buildings,
it can be noted that the construction of childcare facilities
followed the trends of housing construction, since it was
during this period that the largest portion of the residen-
tial building stock was built in both the number and the
floor area.”® The percentage distribution of the kindergar-
tens listed in the inventory according to the time classifi-
cation given in the questionnaire is shown in Figure 2.1.

Figure 2.1. Distribution of preschool buildings by period of
construction [%]

27
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' HayuoHanHa munonoeuja cmamberux 3epada Cpbuje/
National Typology of Residential Buildings in Serbia (2013)
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1% National Typology of Residential Buildings in Serbia (2013)
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MNpuKazaHa BpeMeHCKa Meprioavsaunja npeacTa-
B/ba MHULMWjANHO CTarbe Te je TOKOM pafa Ha Gpopmu-
pakby TMNonorvje peayumnpaH 6poja BpeMeHCKMX Kaca.
lNocTynak je cnposefeH Npema OCHOBHUM MaTepujanHo-
TEXHUYKMM KapaKTepucTMKama 3rpafa Koje Hucy 6bune
npeamMeT YeCTUX MPOMEHa, Kao WTO je TO Cyyaj Ko CTam-
6eHnx objekaTa. Takohe, MpoMeHa 3aKOHCKe ¥ Mof3a-
KOHCKe perynaTuiee, Koja b1 ycnoBumna GUTHO paznnunte
KapaKTepucTyiKe 3rpaaa BpTuha, Huje buna vecta. AHanw-
30M TPEHAOBA, MOjaBHUX 0OAMKA 1N MaTEPUjanHKX Kpak-
TEPUCTUKA je KOHCTATOBAHO Aa YETUPU BPEMEHCKE Kia-
ce y NOTMNYHOCTU ofpakaBajy b1UTHa obenexja OBor T1na
3rpapa. (MpadvikoH 2.2.)

MpadukoH 2.2. 3acTyn/beHOCT 3rpafa NpPefwKoNCKMX yCTaHOBa
npema nepuoamn3aLmju yCeojeHoj 3a notpebe dopmmparba
Tunonoruje [%]
< 1945.
1946-1970.
1971-1990.
> 1991.

Huje geduHncaHo N/A 1

16

16

The above time periodization was done at the ini-
tial state of the research; however, the number of time
classes was reduced during the formation of the typol-
ogy. The reduction procedure took into account the ba-
sic material and technical characteristics of the buildings
that may not have been subject to changes as frequent-
ly as in housing. Similarly, the laws and by-laws did not
change so often that it would cause the characteristics
of preschool buildings to differ significantly. The analysis
of the trends, manifested forms and material properties
indicated that four time classes fully reflected the essen-
tial features of this type of buildings (Figure 2.2).

Figure 2.2. Distribution of kindergartens according to the
periodization used to form the typology [%]

39

2.1. ApXUTEKTOHCKE KapaKTepuCTMKe

MoBpLUMHA 3rpaja NPeaLKONCKMX YCTaHOBA
(6pyTO pasBujeHa rpaheBrHCKa NOBPLUVIHA)

Mpema BennumHw, Hajgehn 6poj 3rpafa Aeunjmx yc-
TaHoBa y Cpbuvju npunaga rpynu Cpeare BevumHe
(42%), a 3aTM Ca 33% npeosnahyjy mane 3rpage, AoK je
BEMIMKMX 3rpafa 13y3eTHo Mano. (MpadukoH 2.3.). Osak-
Ba pacnofena Moxe ce TyMayuUT NPOCTOPHOM ANCTPU-
Oyumjom 0Opa3oBHUX UHCTUTYUMja NpemMa ryCTWHM no-
nynauuje, To jeCT NPOjeKTOBarbeM 1 M3rpafOoM 3rpasa
NPEeALIKONCKMX YCTaHOBa Ca TEHAEHLMOM [la Ce CMarbe
pacTojatba Off MecTa CTaHOBarba [0 Hajbnuxe UHCTUTY-
unje. Miarpagrba BENMKMUX feUmnjux yCTaHOBa je 3acTyrnibe-
Ha CamMO TaMO rAe NOCTOojW BeMKa KOHLEeHTpaumja CTa-
HOBHMLUITBA Ha MasiOM MPOCTOPY, KapaKTePUCTMYHA 3a
nepuof ycMepeHe cTambeHe usrpagre. Pa3goj noTnyHo

30 40 50 60 70 80 90 100

2.1. Architectural characteristics

Gross floor area of kindergartens

According to the size of preschool facilities in Serbia,
medium-sized buildings account for the largest propor-
tion (42%), followed by small buildings (33%), while large
buildings are rare (Figure 2.3). Such proportions can be
interpreted by the spatial distribution of educational and
childcare institutions relative to the density of the popu-
lation, i.e. by the tendency to design and construct kin-
dergartens so that the distance from the place of resi-
dence to the nearest institution is reduced. The need for
large childcare facilities arose only in spatially restricted
but densely populated areas, which was characteristic of
the period of targeted housing construction and the de-
velopment of completely new parts of cities organized
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HOBWX A€NOBa rpajfioBa OPraHW30BaHUX MO MPUHLMMNY
OTBOPEHWX GIIOKOBA, Kao WTO je CiyYaj, Ha NpumMep, Koa
cTambeHunx 6nokoBa Ha HoBom beorpasy ycnosuo je us-
rpafrby BENVKUX NPeALWKONCKMX YCTaHOBa.

padukoH 2.3. 3acTynsbeHOCT 3rpaja NPeaLlKOICKNX YCTaHOBa
npema 6pyTo NoBpWwMHN [%)]

<500 m?

500-2000 m?

> 2000 m?

Huje aeduHmcaHo N/A

according to the principle of the open block, such as
New Belgrade housing developments.

Figure 2.3. Distribution of preschool buildings by the gross
floor area [%]

KomnakTHocT 3rpane

Hajgehr neo doHAa 3rpafa NpeawKonCcKyxX yCTaHoBa
YMHe 3rpajie KomnakTHe dopme, Yak 44%. 3rpage fe-
NMMUYHe pasybeHocTn dopme M NoTnyHO pa3syheHe
NoAjeAHaKo Cy 3aCTyn/beHe npema pesynratima OBOr
ncTpaxmBarba. OuekrBaHo, ¢ 003MpoM Ha To fa 75%
boHAa unHe 3rpafie MarbKx 1 CpearX MOBpPLUMHA. Benu-
Ka KOMMaKTHOCT dpopme Takohe je moBesaHa v ca pena-
TVBHO MatbMM YPOAHWUCTUYKIM MapLenama npewKkon-
CKMX YCTaHOBA Y O[IHOCY Ha WKoncke. Ha Mpadukory 2.4.
npviKasaHa je mpoueHTyanHa pacnofena 6poja 3rpada
npema KOMMaKTHOCTM.

lpadviKoH 2.4. 3cTynsbeHOCT Opoja 3rpaaa NPeaLKONCKIX
YCTaHOBA NMpema KOMMaKTHOCTW [%)]

KOMMaKTHa compact
nenummnyHo pasyhena partially complex
pasyheHa complex

Huje peduHmcaHo N/A | 2

30 40 50 60 70 8 90 100
Compactness of floor plan

Most of the building stock of kindergartens, as much
as 44%, is comprised of buildings with a compact floor
plan. The present research found that the distributions of
partially and fully complex layouts were similar; this was
not surprising, as small and medium-sized buildings ac-
counted for 75% of the total inventory. High compact-
ness can also be linked with the fact that kindergartens
were built on relatively smaller urban plots than school
buildings. Figure 2.4 shows the percentage distribution
of the number of buildings according to the compact-
ness of the floor plan.

Figure 2.4. Distribution of preschool buildings by the
compactness of floor plan [%]

44

Cn PaTHOCT 3rpafa NpeawKonCcknx yctaHoBa

[aneko Hajsehu 6poj 3rpafa NpeaKONCKMX yCTaHo-
Ba y Cpbuju, nonosmnHa oBor fena rpahesrnHckor GoHAaa,

30 40 50 60 70 80 90 100

Number of floors

An overwhelming majority of the kindergartens in
Serbia, a half of the total inventory, was built as one-story
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rpaheHe Cy Kao nNpu3emHe 3rpafe, Tek oko 35% vma fiBe
HaazemHe eTaxe (M+1), WTO je NprKazaHo Ha Mpaduko-
Hy 2.5. bpoj 3rpafia NpeaLwKonCckMx ycTaHoBa ca BuLe
eTaxa je m3y3eTHo Manu. OBakBa CMpaTHOCT MpPou3na-
31 13 tbMxOBe YHKUWMjE: b je OMOryRWTI KOHTAKT Ca
npupoaom, obe3beanTn aeun 6opaBak Hanosby, y ABO-
puwTy BpTUha; Takohe, UW/b je 1 UCMYHWTI HacTojakbe fa
Jela nmajy fJobap BM3yenHW KOHTaKT ca CNO/bHOM Cpe-
AMHOM. Tako, y Hajeehem 6pojy cnydajesa, npema nNpoc-
TOPHOJ ANCTPUBYLINjY, MOXKEMO YOUNTU pasaBajarbe AeLie
npema CTapoCcTu Na ce y npusembe CMelTajy fela CTa-
POCHe aobu Koja noxahajy BpTUR, 0K Ce jacneHe rpyne
CMelUTajy Ha cnpaTose, y3 MoryhHOCT kopuiwhetsa Tepa-
ca 3a bopaBak Ha OTBOPEHOM.

[eunje yctaHose ce y Hajsehem 6pojy cnydajesa
rpage 6e3 noapymcKmx npoctopuja (ckopo 60% cnyudaje-
Ba) MMM Ca jeAHOM MOAPYMCKOM eTaxkoM (0ko 35%) y Kojy
ce cMelUTajy noMohHe npocTopuje, Hajuelwhe ocTase 3a
orpes, fok Behr 6poj NoA3EMHMX eTaxa YonLiTe Huje yo-
ueH. (MpadukoH 2.6.)

MpadukoH 2.5. 3aCTyn/beHOCT 3rpafa NPefwKONCKMX yCTaHOBa
npema CNPaTHOCTU — Yy OAHOCY Ha 6p0j HaA3eMHYX eTaxa [%]

buildings; approximately 35% have two levels above the
ground (GF+1) while multi-story buildings are very few
(Figure 2.5). Such choice of the building type results from
its function to enable the closest possible contact with
nature, so that the children can spend time outdoors in
the courtyard of the facility or have good visual contact
with the outside environment when indoors. Thus, the
spatial arrangement in most cases can indicate the sep-
aration of children by age, with the kindergarten chil-
dren accommodated on the ground floor and the nurs-
ery groups occupying the upper floors with the access to
the outdoors by a terrace.

Most childcare facilities have no basements (almost
60%) or there is a single basement level with the auxiliary
rooms, most often used as fuel storages (Figure 2.6.).

Figure 2.5. Distribution of preschool buildings by the number
of floors, relative to aboveground levels [%)]

npusembe ground floor (GF) 50
M+1 GF+1 35
M+2 GF+2 10
M+3 GF+3 2
Huje pedurmcaro N/A | 3
0 10 20 30 40 50 60 70 80 90 100

MpadmKoH 2.6. 3aCTYN/EHOCT 3rpaja NPeaLKONCKUX YCTaHOBa
npema CnpaTHOCTY — Yy OAHOCY Ha Bpoj NoA3eMHYIX eTaxa [%]

Figure 2.6. Distribution of kindergartens by the number of
floors, relative to underground levels [%)]

0 59
1 30
2 |1
Huje gedrHmncaHo N/A 10
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Tun KpoBa 1 Kopuwhere NOTKPOBHE eTaxke

Mpema obnnKy KpoBa, Aaneko Hajgehn 6poj 3rpana
Jeunjux yCTaHoBa MMa KOC KpOB, Yak 77%. (MpadukoH
2.7.). PaBaH KpoB, nnn kombrHaumja oBa ABa TMna Kpo-
Ba, 3aCTyr/beH je BPNo peTko. [lobujeHn pesyntatu muc-
TpaxMBarba MpurKasyjy TPeHYTHO CTarbe OBWMX 3rpaga
Koje ce 4ecTo pa3nuKyje ofl MpojeKToBaHor. YobuyajeHa
je npakca, TOKOM ekcnnoaTtauuje 3rpaja, Aa ce HeaocTa-
Tak NpocTopa niv Npobnem Lypera PaBHUX KPOBOBA
pellaBa HaaorpaatoM KOCKX KPOBOBA Y3 YeCTO aKTWBU-
patbe TaBaHCKOr MpocTopa. Ha nojeavHnm 3rpagama je
NPUMETHa 1 CaHaLmja U3rpafHoM MAUTKON KOCOT KPOBa.

lpadukoH 2.7. 3aCTynsbeHOCT 3rpafja NPeLKONCKMX YCTaHOBA
npema tmny Kposa [%)]

pagat flat
Koc pitched
KombrHoBaH combined

Huje pedunHmMcaHo N/A

Roof type and attic use

Most childcare facilities, as many as 77%, have a
pitched roof, while flat roofs or combinations of these
two types are rare (Figure 2.7). The research results in-
dicate that the current condition of the buildings fre-
quently differs from the original design. It was common
practice to provide a solution to the lack of usable space
or a leakage problem on the flat roof by upgrading to a
pitched roof and, at the same time, frequently activating
the attic area. Also, a number of buildings were rehabili-
tated by the addition of a low-pitched roof.

Figure 2.7. Distribution of preschool buildings
by the roof type [%]
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lpadukoH 2.8. 3aCTyN/bEHOCT PA3NNYUTUX KPOBHMX Figure 2.8. Distribution of roofing materials [%)]
nokpueaya [%]

upen clay tiles 52
nmm metal sheet
WbyHak gravel
6eToHcCKe nnoye concrete slabs
npyro other 13
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3aCTyr/beHOCT  PasvUNTVX  KPOBHYKX MOKpKBaYa
npuvKaszaHa je Ha lpadurkoHy 2.8. KoHcTaTyjemo fa je, y
CKNafy ca Halom Tpaavuvjom, Hajsehu 6poj 3rpaga nok-
pVBEH Lpenom, a KOA KpOoBOBa Makber Harnba Hajuelhe
Ce KOPUCTW NIMM. PaBHI KPOBOBU Cy MOKPUBEHW LLUbYH-
KOM Y Clyyajy Kafa Cy HEMPOXOAHW Mn BETOHCKIM Mo-
Yama Kafla Ce KOpUCTe Kao KPOBHe Tepace.

TaBaHCKM MpocTop ce, y Hajgehem 6pojy cnyuaje-
Ba, PYHKLMOHANHO He KOPWCTH, [OK je CMelUTaj rpynHuX

The distribution of the roofing materials is shown in
Figure 2.8. It can be noted that most buildings were tra-
ditionally clad in clay tiles while metal sheets were used
mostly for low-pitched roofs. The flat roofs were either
clad in gravel or in concrete slabs if they were used as
roof terraces.

The attic space is generally not functionally used,
while group accommodation areas in the attic are very
rare (Figure 2.9). The use of the attic is most common in
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NpocTopa 3a fAeLly Y MOTKPOBIbY 3rpajia M3y3eTHO PEeTKO
3acTyrnsbeH. (MadukoH 2.9.) Kopriwhere NoTkpos/ba ce
Hajuyewhe cpehe NpuNMKoM aflanTauyje CTambeHnx Brna
y [leuvje yCTaHOBe 1 TO Kafla HeAoCTaje KOPUCHW Mpoc-
TOP, @ BWCKMHA TaBaHCKOT NPOCTopa To oMoryhasa.

MpadukoH 2.9. Kopuiwherbe TaBaHCKOr NPOCTopa Y 3rpafjama
NpPeALKONCKMX yCTaHoBa [%)]

residential villas converted to childcare facilities, as a re-
sponse to the need to increase the useful space if it was
allowed by the height of the attic space.

Figure 2.9.The use of the attic in kindergartens [%)]
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Huje pedrHmrcaro N/A 10
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Koa objekaTa Kof KOjUX Ce He KOpUCTW TaBaHCKM
npocTop, MehycnpaTHa KOHCTPYKLMja Npema HerpejaHom
TaBaHy y Hajsehoj Mepu Huje n3onosaHa. (padrkoH 2.10.)

MpadukoH 2.10. MNocTojarbe TepMouzonaLuje y cknony
TaBaHWLe Ka HerpejaHom TasaHy (%]

fayes 13
He no

Huje geduHmcaHo N/A 1
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In buildings with unused attic space, the floor con-
struction to the unheated attic generally was not ther-
mally insulated (Figure 2.10).

Figure 2.10. The existence of thermal insulation in the floor
construction to the unheated attic [%]

Kopuwhere nogpymckmx npoctopa

Beh nomeHyTa unrbeHuUa fa Hajsehn 6poj 3rpaga
Jeunjux ycTaHoBa Hema NOAPYM yTuuana je 1 Ha manu
y30paK Ha OCHOBY Kora ce AeduHulie kopulherse Noj-
pYMCKe eTaxke 3rpaja Tamo rfje OHa NocToju. Y ciydaje-
BMMa Kafa 3rpafia Mma MOAPYM, CAMYHO TpeTMaHy Ta-
BAHCKOI MPOCTOPa, KOPUCTY Ce Kao MoMONHM NpocTop
KOju Ce He rpeje, a TaBaHMLA Ka NMOAPYMY Y CBOM CKI1O-
My Hema CJoj TepMuyKe 3aliTuTe, WTO je UyCTPOBaHO
Ha Mpadukory 2.11. Camo y 4% cnyudajea nocToju Tep-
Mom3oiyjyhn cnoj y TaBaHMLama Ka noapymy. Ha ocHoBy
OBMX MOAATaKa ce NPeTNnoCTaB/ba fa je kopuwhere noa-
pyma 3a npuMapHy GYHKUMjy nodeno HakHaaHo, ycnen
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Basement use

The fact that most of the buildings of childcare insti-
tutions did not have a basement had its bearing on the
small sample upon which the use of the underground
levels was defined in the buildings where they existed.
Like the attic, the basement is used as an unheated aux-
iliary space with the uninsulated construction to the
ground floor, as illustrated in Figure 2.11. A thermal in-
sulation layer in the floor to the basement was found in
only 4% of cases. It can be assumed that the use of the
basement for the primary function began as spatial re-
quirements increased and, possibly, after connecting the
building to the district heating system. However, these
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nosehaHVx NPOCTOPHYIX 3axTeBa ¥, BEPOBATHO, MO Mpw-
Kibyuerby 3rpaje Ha AasbMHCKU CUCTeM rpejarba. Mnak,
0Be KOHCTaTaluje ce, 0e3 fasber UCTPaxyBakba Ha Tepe-
Hy, CMaTpajy npeTrocTaBkama.

lpadukoH 2.11. MocTojarbe Tepmomr3onaLuje y cknomny
TaBaHMLe Ka HerpejaHom noapymy [%)]

National Typology of Kindergartens in Serbia

findings can be regarded as assumptions until further
field research.

Figure 2.11. The existence of thermal insulation in the floor
construction to the unheated basement [%]
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Huje fedrHmcaHo N/A 9
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Bpoj 1 BennumHa Npo3opcKrx oTBopa
1 TN Npo3opa Ha pacaaun

AHanvsa 3acTyrybeHoCTV npo3opa Ha dacagn je
ypaheHa npema OCHOBHVM apXUTEKTOHCKUM Kapak-
TepUCTMKaMa 3rpafa, npema LOMUHAHTHUM HauWHK-
Ma TpeTMaHa MPO30PCKMX OTBOPA KapaKTepUCTUUHIX
3a pasuunTe UCTopujcKe nepuoge. Y paHujum nepuo-
AVIMa NpOojeKToBarba M M3rpafrbe Y Halloj apXUTEKTOH-
CKOJj MpakcK, Npo3opu Cy TpeTnpaHu nojefnHayHo, Kao
Marbyt OTBOPW, Ca BeNM Bpojem NOAEOHMX MPeyKn, y3-
POKyjyhu yecTo 1 HefJoBOSbaH OCBET/ba) Y NpocTopy. Ca
HanpeTKOM VMHAYCTPUje 1 NOjaBOM KBANWUTETHUjWX MPO-
30pa 1 moryhHowhy yrpaarbe Behrx CTakneHunx nosp-
LWKHa, Kao 1 yBOherem nponuca ca fedUHNCaHUM HUBO-
VIMa OCBET/baja 1 BMCKHE NapaneTa y OAHOCY Ha HameHy
NPOCTOPa, 1 MPO30PCKM OTBOPU Cy MocTany Behn obes-
6ehyjyhn KBanuTeTaH OCBET/bA) , an 1 BObU BU3YENHN
KOHTaKT Ca CMosbHOM cpefarHoM. Buie on 50% sptunha
VMa BenuKy NoBpWMHY dacage Noa nNpo3oprMa, anu cy
TO U Aasbe NojeArHauYH1 OTBOPU, JOK Ce MPO30pK MocTa-
B/bEHW Y BMOY Tpaka He MOry cMaTpaTy KapakTepucTu-
KOM 3rpafia aeuvjux yctaHosa. (MpadukoH 2.12). Oko 35%
3rpaja ca Mano oTeopa Ha pacaam NPOLEHTyanHo oaro-
Bapa ¥ KnacudukaLuwmju npema roguHu urpagre, Te ce
MOXe CMaTpaTV a Cy TO CTapuju 0bjeKTH, 3uaaHn y pa-
HWjM NePVIoAMMA, aAanTrpaHe 3rpaje Koje cy NpBOOuT-
HO MMane Apyry HameHy.

Number, size and type of windows
and window-to-wall ratio

The facade window-to-wall ratio was analyzed with
respect to the basic architectural characteristics of the
buildings or the predominant treatment of this feature
throughout the periods. In the early design and con-
struction periods, windows were treated as small single
openings with a number of muntins, which frequently
provided insufficient lighting of the space. With the ad-
vancement in window manufacturing that enabled the
installation of large glass surfaces, as well as the intro-
duction of regulations that defined the illumination lev-
els and parapet heights relative to the purpose of the
space, the window openings became larger, providing
not only good lighting conditions, but also better visual
contact with the outside environment. More than 50%
of the kindergartens have a high window-to-wall ratio,
with windows organized as single openings rather than
as ribbons, which is a feature that cannot be viewed as
characteristic of kindergarten buildings (Figure 2.12). The
35% of buildings with a low window-to-wall ratio cor-
responds with the periodical classification; these build-
ings can be considered as old structures either built in
the earlier periods, or later adapted and repurposed.
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lpadvikoH 2.12. Yaeo npo30pckmnx 0TBOpa Ha hacaam
npeaLKoNCcKmx ycTaHosa [%)]

[ocTa oTBOpa (NojeanHauHn>50%) high ratio (single>50%)
focTa otBopa (y BMAY Tpaka>50%) high ratio (ribbon>50%)

ca mano otgopa low ratio

MpadukoH 2.13. 3acTyrn/beHOCT BPCTa Npo3opa npema
MaTepwujany Npo3opcKor okaupa [%]

KoM6MHOBaHO combined
anymuHrjym aluminium
MBL PVC

apso wood

AHanv3oMm nNpumMerbeHnx MaTepujana 3a uspagy npo-
30pa [0bWjeHn Cy UHTepEeCaHTHW, Ha NPBW nornes He-
ouekmBaHW, pesyntatn. Haume, y Hajsehem 6pojy cny-
uajeBa, ckopo 50%, 3actyrubeHn cy PVC nposopw.
[ocmaTpaHO Ca UCTOPUWJCKOr acnekTa, Y Halloj npakcu
je neueHwvjama b1o jefHO AOCTYMaH W KopuwheH Apse-
HW, @ TeK KacHWje nojaswnun cy ce v Apyru TMNoBK Npo-
30pa. YonwTteHo nocmMatpajyhu, He yaumajyhn y ob3mp
TV objekaTa, MOXe Ce KOHCTaToBaTh Aa Cy Y MoueTKy
KopWLWNeHW Npo30opw Ca jeOHOCTPYKUM 3aCTaK/beHEM,
KacHuje npeosnahyje ABOCTPYKM MPO30P Ca LUMPOKOM
MW YCKOM KyTMjOM, MOTOM MPO30P KPUAO Ha KPUo, CBE
[0 nojaBe jeJHOCTPYKOr MPO30pa 3acTak/beHor TepMO-
130M1auMoHMM cTaknom. Mopen ApBeHux, Kopuwheru cy
1 MeTanHu pamoBM, Tako3BaHa LipHa bpasapuja, npahe-
HW Off rBO3AEHMX KyTWjaCTUX Npodurna, yrnaBHOM Ha no-
MONHMM NPOCTOPVMA, CTEMEHULWTVMA, XONoBMMa. Any-
MUHWjYMCKM MPO30PpW Cy PETKO yrpahviBaHn KOA 3rpaja
BpTuha. (MpadumkoH 2.13.)

Figure 2.12. Facade window-to-wall ratio in preschool
buildings [%]

60 70 80 90 100
Figure 2.13. Distribution of window types
by frame materials [%]
8
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The analysis of the materials used for windows yield-
ed interesting and seemingly unexpected results: PVC
windows accounted for almost 50% of the sample. His-
torically, wooden windows had been the only available
type in the building practice for decades, with a more
recent addition of other types of window. The general
development shows that, regardless of the type of the
building, the earliest wooden windows with single glaz-
ing were succeeded by double-framed units in a wide or
a narrow box, windows with connected double frames,
and, ultimately, single-frame insulating glass units. Met-
al casing (iron) was also used In addition to the wooden
frames, mostly in the auxiliary spaces, stairways, or halls.
Aluminium windows were rarely installed in kindergar-
ten buildings (Figure 2.13).
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Benuka 3actynibeHocT PVC nposopa pesynTar je, y
HajeNoj mepu, NpoLeca caHauuje 3rpafa. Y paHujum ne-
proamma rpaarse PVC npo3opn Hucy unm goctynHn. Ca-
Hauvja je Hajuewhe obyxBaTtana 3ameHy AOTPajanvx ap-
BEHWX WM METANIHWX MPO30pa W, EBEHTYalHO, MOMPaBKy
KpOBa, AOK Cy OCTane mepe peTko npumerbrneaHe. PVC
Npo30pV Ca ABOCTPYKMM CTaKNoONaKeToM No koeduumjeH-
Ty Npornasa TonnoTe Aganeko cy edukacHuju Of CTapux,
AOTPajanmx APBEHKX NPO30pPa, a U Aaneko bore 3anTu-
Bajy, Tako [a je 3aMeHOM Npo3opa yHanpeheHa eHepreT-
CKa epUKaCHOCT 3rpajia NpeaLLKONCKMX YCTaHOBa.

ako je npvimeHa oBe Mepe OBHOBE Y BENMKOM Bpojy
CnyyvajeBa joBena o Nobosblliatba eHepreTcKor paspesa
3a jefiHy KNacy, Kako je Hawmnm Nponucrima O TEPMUYKO)
3aWTnTN objekata ycnosmeHo'!!, PVC npo3opu yrpahu-
BaHM NPpW PEKOHCTPYKUM)M Hajuewhe He ofroBapajy Aa-
HalUHbKM 3axTeBMMa perynatviee'?. 3aTo ce, Kao jefjHa oA
mepa yHanpeherba 3rpaja Aeumjux yCTaHoBa, NprMerbyje
v Mepa Koja AedrHMLLIe Camo 3amMeHy MPo30pa, ann ca Ka-
PaKTEPUCTMKAaMa KOje 3axTeBajy CaBPEMEHN MPOMMNCH.

Tpeba nctahw fa, koA 3rpafa NPeALKONCKMX yCTa-
HOBa rae Cy NPO30PK 3aMerEHN, MePa NMOHOBHE 3ame-
He MOXe JOBECTM A0 »e/beHOr Nobosbluarba CaMo ako Cy
NPO30pW M3y3eTHO KBANUTETHW W yrpaheHn Tako fa ce
NoCTUrHe jow 60sba 3anTVBEHOCT.

3acTopu

Cnospalkk 3acTopu ce cMaTpajy HajedukacHujum
CpefCTBOM KOje CrpeyaBa nperpeBarse HacTano Kao rno-
cnepvua amMpekTHor ytnuaja CyHUa, anm Cy OHM PETKO
NpojekToBaHu v yrpaheHn y 3rpage NpefwKoncknx yc-
TaHoBa. (lpadukoH 2.14). Buwe o NonoBuHe 3rpana Mma
YHYTpallkbe 3aCTope KOju, y CBAKOM CRyyajy, A0NpUHOCe
Komdopy aelle cnpeyvaajyhu HenmoTpebHM brbecak, anu
He yTu4y 3HavajHuje Ha NnojaBy Nperpeatba. Vnak, Bulle
of TpehnHe objekaTa Hema HIKaKBE 3aCTOPE, Ma Ce MOXKe

' MpaBWIHVIK O eHepreTckoj edrkacHOCTH 3rpaga (C1. 1acHuK
PC, 6p.61/2011)

'?3a npo3ope y noctojehm 3rpagama Koje ce 0bHaBsbajy
KoeduLMjeHT Nponasa TonnoTe Npo3opa U3HOCHK HajBuLLe
U=1,4W/m’K, npema NpasunHuky o eHepreTckoj eprkacHoCT
3rpapa (Cn. enacHuk PC, 6p. 61/2011)

The high proportion of PVC windows is mostly the
result of the renovation processes, as they were not
available in the earlier construction periods. Usually,
renovation included the replacement of deteriorated
wooden and metal windows and sometimes roof re-
pairs, while other measures were rarely applied. Relative
to the heat transfer coefficient and sealing properties,
PVC double-glazed glass packages are far better than
the old, deteriorated wooden windows so that window
replacement has improved the energy efficiency of kin-
dergarten buildings.

Although in many cases this renovation measure led
to an improvement of one energy class according to our
regulations on thermal protection of buildings,'" the PVC
windows installed often do not comply with the current
requirements.'” For this reason, as one of the measures
for the improvement of kindergartens, there is a propos-
al that defines only the replacement of windows the per-
formance of which will then be in accordance with the
current regulations.

It should be noted that in kindergartens in which
windows have already been replaced, the repeated re-
placement measure can lead to the desired performance
only if the windows are of high quality and installed so
that air-sealing is even more solid.

Blinds

Although external blinds are the most effective meas-
ure to prevent overheating caused by direct sunlight,
they were rarely designed and installed in kindergarten
buildings (Figure 2.14). More than half of the buildings
have internal blinds, which certainly contributes to the
children’s comfort by preventing unnecessary reflection
but does not significantly affect overheating. However,
more than a third of the buildings have no blinds, which
can lead to a conclusion that such institutions do not

'"The Rulebook on Energy Efficiency of Buildings (Official
Gazette of the RS, No. 61/2011)

'? For windows in existing buildings to undergo renovation,
the heat transfer coefficient for windows is at least U=1.4
W/m?K, according to the Rulebook on Energy Efficiency of
Buildings (Official Gazette of the RS, No. 61/2011)



3rpafe NpeALKONCKYX ycTaHoBa Y 6pojeBrmva Kindergartens in Figures

KOHCTAaTOBaTX fia y OBaKBMM YCTaHOBama Huje obes-
H6eheH notpebaH HMBO kombopa 3a bopasak aelie. Kako
je cnosbHe 3acTope TeWKO YrpaamnTyv, HapoUnTO Kafa ce
paau O PasHUM TUMOBMMA GUKCHUX CEHIMA, MOTPEBHO je
Jla ce y OKBMPY CaHalvje 3rpada npeasuae yHyTpallkbm
3aCTOpW Kao jeaHa of Mepa Nobosbliakba TOMIOTHOT, ann
1 CBETNIOCHOT KOMdopa.

lpadukoH 2.14. MocTojarbe 3acTopa Ha 3rpafama
NPeALKONCKMX yCTaHoBa [%)]

Hema no blinds
crnosballtby external

yHyTpalwksK internal

MprimetbeHn MaTepujany dacagHor 3maa

Y cknagy ca rpaheBuHCKOM npakcom y Cpbuju, Haj-
vewhe npumerMBaHV MaTepuwjan 3a 3uaarbe 3rpaja
NPeALIKONCKMX YCTaHOBa jecTe oneka. Y npakcy, NpBo je
KopwheHa nyHa, 3aTVM OLWynsbeHa oneka 1 moTom one-
Kapckun 6nok. OBM MaTepujanu 3acTynibeHu cy y dacaf-
HUM 31a0BMMA Yy BULe of 80% WCnUTaHKX 3rpaja LWTo
je nnycTpoBaHo Ha padukoHy 2.15. 3acTynmbeHoCT ocTa-
NVX MaTepujana je roToBo HesHaTHa. Apmu1paHy 6eToH je
Yy HOBWje Bpeme KopULWNEeH YrNaBHOM Kao [,e0 KOHCTPYK-
TVBHOI CUCTEMa 3rpade, anv je y Marb0j Mepy 3aCTyr/beH
1 Kao [ieo 3aBPLIHMX C/1ojeBa GacafHor 31aa.

Y aHanu3mpaHoj 6a3v 3rpafja NpefwKoncKMx ycTa-
HOBa Hema [JOBOJ/bHO NofaTtaka O OCTaIMM NPUMEHbEHNM
maTepujanvma, ann Tpeda HanomeHy T\ Aa ce crnopaamy-
HO youaBajy v 3rpafe rpaheHe TpaaVLMOHAMHUM TEXHW-
Kama, kao WTo cy 6oHApyk munm hepnuny. Ose nctopwjc-
Ke 3rpage 61 Tpebano uyBatv 1 Kaf 13rybe npsoouTHY
HameHy feuuje ycTaHoBe. HbuxoBo obHas/mbarbe Tpeba,
y TOM CJ1y4ajy, U3BPLUNTL Y CKNady Ca 3axTeBMMa 3a O4y-
Bakbe Hallle KynTypHe balTuHe.

reach a comfort level satisfactory for children’s accom-
modation. As external, especially fixed blinds are difficult
to install, it is necessary for the renovation of buildings
to include internal blinds as one of the measures for im-
proving the thermal and lighting performance.

Figure 2.14.The existence of blinds in preschool buildings [%]
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Facade wall materials

Following the common practice in building con-
struction in Serbia, clay brick was used most often as the
construction material in kindergartens. The use of solid
brick preceded hollow brick and the hollow clay block.
These materials can be found in facade walls of more
than 80% of the surveyed buildings, while the propor-
tion of other materials is extremely low, as illustrated in
Figure 2.15.1n recent years, reinforced concrete has been
used, mainly as part of the construction system, and to a
lesser degree in the final layers of the facade wall.

The analyzed sample of kindergarten buildings does
not provide enough information on other construction
materials, but sporadic use of traditional techniques
such as post and petrail or adobe was noted. These his-
toric buildings should be preserved even if their origi-
nal use as childcare facilities were to be discontinued. In
this case, they should be renovated in accordance with
the requirements for the preservation of our cultural
heritage.
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lpadvikoH 2.15. MpOLEHTYanHa 3aCTyM/bEHOCT NPUMEHEHIX
MaTepwjana gpacagHor 3uaa [%]

oneka clay brick

6nok hollow clay block
6eToH concrete

apso timber

hepnuny adobe

npyro other

Huje feduHmncaHo N/A

Figure 2.15. Distribution of the materials used for the facade
wall [%)]

Tepmowuzonauuja dacagHor 3uga

Haj3HauajHuju nponmucy o TEPMMUYKO] 3aTUTL 3rpa-
Ja Koju cy obyxBaTuAm CBe TUMOoBe 3rpafa, Na v 3rpage
NPEeALWKONCKNX YCTaHOBa, 0bjaBibeHn cy 1980. rogmHe’.
Ako ce ynopeaun 6poj nrpaheHux 3rpafa, y nepogy no-
cne 1980. roamHe 10 flaHac, ca bpojeM 3rpaaa Koje UMajy
TEPMOM30MaLMOHN CNOj Y cacTaBy dacafHor 31aa, MoXe
Ce KOHCTaToBaTH a ce paav O UCTUM objekTuma (y oba
cnydaja 24%, MpadukoH 2.16) a OBa UMHEHMLA HABO-
AV 1 Ha 3aK/byyvak fia Cy cTapuje 3rpage usrpaheHe 6e3
Tepmou3sonawmje.

lpadukoH 2.16. MocTojarbe Tepmomr3onaLmje y cknomny
dacanHor 3upaa [%]

navyes

He no

0 10 20

Byayhwv aa manu 6poj 3rpafjia NpefLKoNCKMX yCTaHo-
Ba 1Ma yrpaheHy Tepmou3sonauujy, To je aHanv3a BesaHa
3a 1ebmuHy oBor cnoja paheHa Ha BeEOMa Manom y3op-
Ky. Minak, 3mMoxe ce 3aksfbyunTu fa je febrbnHa nprmerbe-
He Tepmou3onauuje y Hajsehem 6pojy cnydajesa, WTO je
OAroBapano Tagallkoj npakcn, 4o 5cm (y Buwe oa 60%

3 JYCY.J5.600
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Thermal insulation of the facade wall

The most significant regulations on thermal protec-
tion of buildings, including preschool facilities, were is-
sued in 1980." If the percentage of all buildings built af-
ter 1980 is compared with the percentage of buildings
with thermally insulated facades, it can be noted that
these are the same structures (24% in both occurrences,
Figure 2.16). It can be concluded that the earlier build-
ings were built without thermal insulation.

Figure 2.16. The existence of thermal insulation in the facade
wall construction [%]

24

76
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Owing to the low percentage of kindergartens with
installed thermal insulation, the analysis of the thickness
of the thermal layer could only be done on a very small
sample. However, in most cases (more than 60%) the ap-
plied thermal insulation was up to 5 cm thick, which cor-
responded to the practice at the time. Thicker layers of

13 JUS U.J5.600
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cnydajesa, MpadurkoH 2.17). [ebrbu cnojesn TepmMoun3o-
nauwje nprmerbyjy ce y KaCcHWjUM Neproarma, Hapouu-
TO MO CTyNakby Ha CHary caBpemMeHx Nponmca'; KoHCTa-
TOBaHO je fia vma 3rpaja ca yrpaheHom 13onaumnjom v o
15cm, maga y 13y3eTHo Manom 6pojy. (MpadukoH 2.17)

MpadurkoH 2.17. 3aCTyn/beHOCT Pa3nnuumTHX AebmbrnHa
npviMerbeHe Tepmounsonauwje dacagHor 3vga [%]

15¢cm 6
10cm
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8cm 12
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<5cm
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Mpeosnabyjyhu Tun pacape

Mpema 3aBplHOj obpaan dacage, Ha 3rpagama
NpeALWKONCKMX yCTaHoBa Npeosnahyje Mantep, WTO Of-
roBapa TPAAMUMOHANHOM TpeTMaHy Yy Halloj MpPaKCu.
Mnak, y Buwe of 20% y30pKa, Ha 0BUM 0bjeKTMMa ce yo-
uaBa 1 GpacafiHa oneka, oK je NpUMeHa OCTanmx TUMoBa
bacana 3aHemapsbyiBa. (IpadrkoH 2.18).

3apan moryhe obHoBe dacafHWX CK/IOMOBa, Haj-
velwhe NpUMerbeHW MaTepwjas, ManTep, oMoryhasa nako
NOCTaB/bakbe TEPMOM30NALMOHOT C10ja 1 HOBE 3aBpLUHe
obpafie Koja y NOTNYHOCTV OfroBapa NPBOOUTHOM M3-
refny 3rpafe. Y cnydajy GacagHe oneke, npeko nocTa-
B/beHe TepMoVv3onaLmje, YKOMKO Ce Xenu Aa ce 3aap-
XN OPUTVHANHK U3rNef 3rpaje, HEOMXOAHO je MOCTaBUTM
[OAATHN 3aBPLUIHM CNOJj KOjW CBOjUM M3rnefom noaceha
Ha onekKy: onekapcke nnounLe niv GpacagHy naHenn ca
3aBPLHUM CNOjeM KOjU MMUTMPA OMeky.

" IMpaBWnHKK O eHepreTckoj edrikacHOCTY 3rpada (Cn. 21acHUK
PC, 6p.61/2011)

thermal insulation were introduced in later periods, es-
pecially after the current regulations came into force;'
it was noted that there were very few buildings with in-
sulation thicker than 15 cm (Figure 2.17).

Figure 2.17. Distribution of facade thermal insulation
thickness [%)]
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Predominant facade types

With respect to facade finishes, most buildings of
kindergartens were treated with plaster, traditionally the
most commonly used material in our practice. However,
facade brick was also used in more than 20% of the sam-
ple, while the use of other types of facade finishes is neg-
ligible (Figure 2.18).

From the aspect of potential facade renovation, the
predominantly used plaster finishing enables easier in-
stallation of a new thermal insulation layer and the final
rendering that will retain the original appearance of the
building. On the other hand, if the original architectural
expression is to be kept with a face brick finish, it is nec-
essary to top the thermal insulation with an additional
layer that will resemble brickwork, such as brick tiles or
faux brick facade panels.

'“The Rulebook on Energy Efficiency of Buildings (Official
Gazette of the RS, No. 61/2011)
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padukoH 2.18. 3aCTynsbeHOCT PasnnNUUTUX TUMNOBA
MaTepwjanunsalyje 3aBpluHe obpase dacane [%]

npyro other

napknekc Parklex

KameH stone

anykoboHp Alucobond
LieMeHTHe nnoye cement panels

6eTOH concrete

oneka brickwork

manTep plaster

Crame MCcNpPaBHOCTK 3rpajge

Y Be31 ca NPOLIEHOM CTakba MCMPABHOCTYM 3rpage, Ha
NOCTaB/bEHO MWTarbe O NOTPebn 3a ofpehHeHUM NHTEpP-
BeHUMjama, NoHyHeHo je neT moryhux oroBopa y ckna-
Ay Ca CTakeM MCMPaBHOCTU Koje ce Hajuelwhe cpehe y
npakcw. To cy cnepehe moryhHocTu:

1. mcnpaBHa

2. noTpebHa nonpaska Wan genMMmmnyHa 3ameHa

3. noTpebHa peKoHCTPyKUWja, afjanTaumja Uam 3ameHa
enemeHaTa TepMUYKOr OMOTaua

4. potpajana

5. HenospuleHa

Buwe of nonosuHe 3rpafa y Kojuma Cy CMewTeHu
00jeKTV NpeALIKONCKMX YCTaHOBa, NpemMa CNpoBeAeHOM
NCTPaXKKBarby, 3axTeBa HeKy BPCTY nHTepseHuuje. Cma-
Tpa ce ncnpasHM 30% 3rpafa, oK je oko 10% objekaTta
AoTpajano. Hajsehn 6poj nHTepBeHUWja Koje cy noTped-
He npun 0OHOBY 3rpafia OHOCE Ce Ha MonpaBky dacaje,
KpoBa mnu 3ameHy Npo3opa. CTarbe MCNPaBHOCTY 3rpaja
Aeunjux yctaHosa y Cpbujn nprikasaHo je Ha lpaduKkoHy
2.19.

Figure 2.18. Distribution of different facade finishing materials
(%]

80 90 100

Condition assessment of the building

In order to assess the condition of the building, five
possible responses were offered to the question wheth-
er any improvements were required that were in accord-
ance with the conditions most often encountered in
practice, as follows:

1. In good condition

2. In need of repair or partial replacement

3. In need of reconstruction, renovation, or replace-
ment of elements of the thermal envelope

4. Indisrepair

5. Unfinished

According to the survey, more than half of the build-
ings of preschool facilities required some interventions,
30% of the buildings were considered to be in good re-
pair, while approximately 10% were assessed to be in dis-
repair. Most interventions required for the renovation
referred to facade and roof repairs, or window replace-
ment. The condition assessment of the kindergarten
buildings in Serbia is shown in Figure 2.19.
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MpadukoH 2.19. Cratbe NCNPaBHOCTY LUKONCKMX 3rpaga [%)]

ncnpasHa in good condition

rnoTpebHa nonpaska in need of repair

notpebHa pekoHCTpyKUKja in need of reconstruction
foTpajana in disrepair

HenoBpueHa unfinished

Figure 2.19. Condition assessment of kindergartens [%)]

Byayhu pa je rotoBo 12% 3rpaga knacudrkoaHo
Kao foTpajano, Hamehe ce MuTakbe JOHOLWeHa UCMpas-
HUX CTPATeWKMX OANyKa MPUIMKOM HUXOBOI TPETMA-
Ha. 3rpage Koje ce He Mory, Ha oarosapajyhu HaumH, 0b-
HOBWTU U HUCY BHMLWE 3a Aasbe Kopuwherbe CUrypHO He
Tpeba uyBaTu. VcToBpemeHo, 3rpage Koje Bule Hemajy
HameHy MpefLKOCKMX yCTaHOoBa Ce MOry OOHOBUTU U
pexabunntosaTu y3 MpoMeHy HameHe, MOroToBO Kaja je
pey o 3rpafilama Koje 1Mmajy NCTOPUJCKI 3HaYaj.

Pexxnm KOpVILLIheH)a 3rpaga npenwKosICKMX yCTaHOBa

3rpaje NpeALKONCKMX yCTaHOBa ce BehVHOM Kopw-
CTe, 3a Pa3nvKy Of LKOACKMX 3rpafa, TOKOM Liefie roan-
He, JOK Ce 13y3eTHO Manu 6poj ynoTpebrbasa ca NeTHOM,
TO jecT 3Mmckom nay3om. (MpadukoH 2.20)

MpadukoH 2.20. Topnwem pexxmm kopuwhersa 3rpaae [%)]

TOKOM Liene rogunHe whole year
Ca 31MCKOM nay3om winter break 8
ca neTHOM nay3om summer break 12

Huje peduHmncano N/A | 2

30 40 50 60 70 80 90 100

The fact that nearly 12% of the buildings were as-
sessed to be in disrepair gives rise to the issue of mak-
ing correct strategic decisions as to their treatment.
The buildings that are beyond adequate repair and are
not suitable for further use should certainly not be pre-
served. However, the buildings that can be restored even
if they are no longer intended for kindergartens should
be rehabilitated and re-purposed, especially if they have
historical significance.

Working time patterns in preschool facilities

In contrast to school buildings, kindergartens are
mostly used throughout the year, with very few buildings
closing for the summer or winter breaks (Figure 2.20).

Figure 2.20. Annual working time patterns in preschool
facilities [%)]

78

AHanv3a HefesbHOr pexuma Kopuwherba ykasyje
Jla Ce 3rpafie CKOPO UCKIbYUMBO KOPWCTe MeT faHa He-
JieJbHO, LITO OfrOBapa Halloj Npakcy aa bopasak Aele y
OBVIM YCTaHOBaMa HUje OPraH130BaH y AaH1Ma BUKEH A,
(TpadmkoH 2.21.)

30 40 50 60 70 80 90

An analysis into the weekly working time pattern
indicates that the facilities are generally used five days
per week, which corresponds to the practice to organize
childcare service during the weekdays only (Figure 2.21).
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lpadukoH 2.21. HegersHn pexum kopuwhetrba 3rpage [%]

uene Heperbe whole week 1
6 paHa 6 days W 2
5 paHa 5 days

Huje peduHmcaHo N/A | 2

Figure 2.21. Weekly working time patterns in preschool
facilities [%)]

2.2. TepMOTEXHMYKE NHCTanauuje

Y cknony npoueca NpuvKyr/barba nofjataka o 3rpa-
Aama npeaLKonCKmx yCTaHoBa, ofpeheHn 6poj muTtarba
je nocBeheH CTary TEPMOTEXHUUKMX WHCTanauvja y
FrMa'®. Ha »anocT, Ha 13BecTaH 6poj MUTakba HUCY AaTH
OfroBoOpw, Na je 3a nojefuHe aHanuse KopuwheH Heww-
TO MatbV Y30paK of yKynHor 6poja aHkeTupaHmnx BpTvha
(563). Y3poK Tpeba TpaKWTL Y HefoCTYNHOCTM Tpaxe-
HUX MofaTtaka, Kao W MOoTPeOHOM HKBOY OByYeHOCTU 1
TEXHMYKOT 3Harba aHKeTapa.

[pejare, BeHTUNaUWja, KNMmaTur3auymja

BehnHu 3rpaga npeawKonckmx yctaHosa (90%) no-
ceflyje MHCTanaumje rpejatba y Lenoj nnu Hajgehem geny
3rpaje, WTo je 1 OYeKMBAHO 1 Yy CKNafy Ca KIMMaTCKUM
KapakTepucTnkama Cpbuje. (MadukoH 2.22.)

[padukoH 2.22. Pacnofena NoKpUBEHOCTL 3rpafa
NPeALIKONCKMX yCTaHOBa rpejarbem [%]

Lena 3rpaga whole building
HajBehu feo 3rpage major part of the building
Marby 1eo 3rpaae minor part of the building || 1

He nocTtoju does not exist |0

30 40 50 60 70 80 90 100

2.2. HVAC and DHW systems

The survey of the buildings accommodating pre-
school institutions included a number of questions relat-
ed to the current state of the systems installed for heat-
ing, ventilation, air conditioning and domestic hot water
preparation.” Unfortunately, there were no responses to
some of the questions, so that certain analyses had to be
done on a sample slightly smaller than the total num-
ber of the analyzed buildings (563). This was probably
caused by the unavailability of data or the required tech-
nical expertise of the interviewers.

Heating, ventilation, air conditioning

Most schools (90%) had a heating system installed in
the whole building or in the major part of the building.
This was quite expected considering the climatic condi-
tions of Serbia (Figure 2.22).

Figure 2.22. Distribution of heating in preschool buildings [%]

0 10 20

15 32pade WKOICKUX U NPeOUKOICKUX YCMAaHo8a —
MemoOoIOWKU OK8UP hopMupara munosoauje U NobobUara
eHepeemcke eukacHocmu
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1> School and Kindergarten Buildings — A methodological
framework for the formation of typology and the improvement of
energy efficiency
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lpadumkoH 2.23. Pacnogena NoKpMBEHOCTH 3rpaja
NpeaLKONCKMX YyCTaHOBa BeHTUNaLmMjom [%]

Figure 2.23. Distribution of ventilation
in preschool buildings [%]

Uena 3rpaga whole building 10
Hajsehu feo 3rpage major part of the building  [§2
Matrby fieo 3rpage minor part of the building |2
He nocToju does not exist 86
0 10 20 30 40 50 60 70 80 90 100

Hajsehw 6poj 3rpaga NpeaLKONCKyX yCTaHoBa, ¢ 06-
3MPOM Ha Nepu1of M3rpajirbe, NPOJEKTOBAH je v n3rpaheH
6e3 vHCTanaumja BeHTUNaUvje 1 knMmaTmnaumje. 3a pas-
NIMKy Of LIKOMa Koje YrnaBHOM He pafe 3a Bpeme fe-
THer pacnycTta, NPeALIKONCKe yCTaHoBe Cy Yy GyHKLMjK
TOKOM Liene rofunHe. VIHCTanauuje BeHTUnaumnje u knu-
MaTu3alvje noceayje penatmeHo mManu 6poj 3rpada u 'y
GyHKLMW Cy Camo Y MarbeM Aeny 3rpaje WTo UnycTpyjy
MpadukoH 2.23. v MpadukoH 2.24. Tpeba nuctahu aa je y
nocnefrbe Bpeme npumeheHa Mojaea KNMMaTy30Barba
LIeNOKyMHOr NPOCTOpa NPEeALIKONCKe YCTaHOBE LWTO He-
CyMHMBO AonprHocK noseharby kKomdopa.

MpadukoH 2.24. Pacnopena NoKpMBEHOCTH 3rpada
NPEeALWKONCKMX YCTaHOBA KMMaTn3aumjom [%]

With respect to the period of construction, most pre-
school facilities were designed and built without any
HVAC systems. In contrast to schools, which generally do
not work during the summer break, preschool facilities
are operational throughout the year. Ventilation and air
conditioning systems were applied in a relatively small
number of facilities, and are functional only in the minor
part of the building (Figures 2.23 and 2.24). It should be
noted that there has been a recent trend of covering the
entire space of the preschool facility by air conditioning,
which certainly increases their comfort.

Figure 2.24. Distribution of air conditioning in preschool
buildings [%]

uena 3rpaga whole building 16
Hajsehu fieo 3rpage major part of the building
Marby 1eo 3rpage minor part of the building 1
He nocToju does not exist 65
0 10 20 30 40 50 60 70 80 90 100
CrapocT cnctema rpejamba Age of HVAC systems

Y BehuHW 3rpaja NpealwKonckux ycTaHoBa npe-
oBnahyjy cTape MHCTanaumje rpejarba Koje yrnaBHOM
paje C ManuMm CTemeHom WcKopwiwherba ropumsa. 3a-
CTYM/bEHOCT CMCTEMa 3a rpejarbe Koju Cy TPEeHYTHO Y
GyHKUMIM, Npema CTapoCTy, MOXe Ce jacHO BMAETM Ha
MpadukoHy 2.25.YouaBa ce fia ce y NOCNefie Bpeme rpa-
AV AOCTa HOBYIX 3rpafa, A0K ce noctojehe peHoBMpajy y3
yrpaary HOBUX MHCTanalwmja 3a rpejaroe.

The majority of preschool facilities had old heating
systems, usually working with small efficiency. The per-
centage distribution by the age of the currently used
heating systems can be seen in Figure 2.25. It should
be noticed that recently there have been a considera-
ble number of new buildings under construction, while
the existing ones have been renovated with new heat-
ing systems reinstalled.

27
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lpadukoH 2.25. CTapocT c1ucTema 3a rpejarbe y 3rpafama
NpeaLKONCKuX ycTaHosa [%]

1o 10 rogvHa below 10 years
10-20 rogmHa 10-20 years
20-30 rogmHa 20-30 years

npeko 30 rognHa over 30 years

Kafa ce aHanusmpajy cuctemm rpejarba y 3rpapama
NpefWwKoNCKMX yCTaHOBa, Hajuelwhe je y npumeHn cnc-
TeM LIEHTPASIHOT rpejatba Ca CONCTBEHOM KOTIIaPHULIOM. Y
LieHTpanv3oBaHe CUcTeme rpejarsa yopajajy ce v rpejarba
113 BIOKOBCKMX KOTNaPHMLA, Kao M U3 KOMyHanHOr cucTe-
Ma [a’bUHCKOT rpejarba. 3a pasfvky Of LWKOMCKMX 3rpa-
[a, Y NPefWwKoNCKnm ycTaHoBamMa Cy AaNeko Marbe 3a-
CTYM/bEHM CUCTEMM NIOKANHOT rpejarba. (MpadmkoH 2.26.)

lpadukoH 2.26. 3aCTyn/beHOCT PasNNUMTX CUCTEMA 3a
rpejarbe y 3rpafama npeaLKoncKkmx yctaHosa [%]

6nokoscKa KoTnapHuua city block boiler station I 4

narbmHCKo rpejatbe district heating

nokanHo rpejarbe local heating

TOMNoTHa Nymna heat pump

LleHTpanHo 3a 3rpagy centralized for building
LEeHTpanHo 3a MHCTUTYUMjy centralized for institution § 1

apyro other |2

Figure 2.25. The age of heating systems in preschool buildings
(%]
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Among all the analyzed heating systems in pre-
school facilities, the centralized heating system with its
own boiler on the premises was the most common. Oth-
er centralized systems used were the city block boiler
stations and the district heating system. In comparison
to school buildings, the use of the local heating system
in preschool facilities was by far lower (Figure 2.26).

Figure 2.26. Distribution of heating systems in preschool
buildings [%]

51

BpcTe ropusa

BpcTe ropviBa v eHepreHTV Koju Ce HajBulle Kopu-
CTe y 3rpafiama NpeaLwKoCKMX YCTaHOBa NPUKa3aHu cy
Ha padukory 2.27. C 0b31Mpom Ha To Aa npeosnahyjy
LEHTPaHW CCTeMI rpejatba, HajBuLle ce KopucTe (an-
PEKTHO WAV MHAMPEKTHO) MPMPOLIHW rac KOjU je eKooLL-
KW HajnpuxBaT/biBUje GOCUIHO rOPKBO, a 3aTVM TeuHa
ropvea.

30 40 50 60 70 80 90 100

Fuel types

Fuel and energy sources that prevailed in preschool
facilities are shown in Figure 2.27. The predominance of
centralized heating systems resulted in the highest con-
sumption, directly or indirectly, of natural gas as the most
environmentally friendly fossil fuel, followed by liquid
fuels.
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MpadukoH 2.27. 3aCTyn/beHOCT OCHOBHOT EHepreHTa 3a
rpejatbe 3rpafa NpeawKoNCcKMx yctaHosa [%]

[IpBO (OrpeBHoO, ceuka, nenet) wood
eneKkTpuyHa eHepruja electricity

npupoaHw rac natural gas

TeyHa ropwea (nox-yrwe) liquid fuel (heating oil)

yrasb coal

apyro other

Figure 2.27. Distribution of main energy sources for heating in
preschool buildings [%]

KeanwuteT rpejara

JeaHo of NMuTarba y aHKeTU OJHOCKNO Ce Ha OLeHy
KOPUCHMKa O KBANIMTETY rpejarba Y 3rpadama NpeaLwKon-
CKMX YCTaHOBa, Npe CBera O NocTU3arby TEPMUYKKX YC-
noBa yrogHoctn. Obpafja OAroBopa KOPMCHWKA NpMKa-
3aHa je Ha padukoHy 2.28. YnrbeHunua aa Hajgehn 6poj
KOpMCHKKa (CKopo 70%) rpejarbe oleryje Kao Aobpo
U1 3aaoBosbaBajyhe ykasyje fia cuctemu rpejarba Ao-
6po dyHKUMoHWWY. MocmaTpajyhu ,ekcTpemHe olieHe o
KBanUTETY rpejarba MOXe Ce 3anasuTi fa je NpUBuxKHO
jeaHak 6poj KOPWCHWKa KOjW rpejarbe Y CBOjOj NpefL-
KOJICKOj YCTaHOBW OLerbyjy KaO OLJIMYHO M OHKX KOjU
Cy ANVIMUYHO 3ai0BOSbHW WM CMaTPajy fa je rpejarbe
nowe. lNogatak Aa 16% KOPWUCHMKA HMje 33[40BOSBHO
rpejarbem, MHAMKATMBAH je, 1 yKa3syje Ha HeOMNxXoaHy pe-
KOHCTPYKLMjy OHWX 3rpaja y Kojma Cy HeaAeKBaTHM yC-
NOBU TepMUYKOT Komdopa mnv npeacTtasbajy Heedu-
KaCHe noTpoLuaye eHepruje.

MpadukoH 2.28. OueHa KBanuTeTa rpejarba y 3rpagama
NPeALKONCKMX yCTaHoBa [%)]

oannuHo perfect

nobpo good

3ap0Bosbasajyhe satisfying

nenMMnYHO 3aaoBosbasajyhe partially satisfying

nowe bad

30 40 50 60 70 80 90 100
Quality of heating

One of the questions in the survey was related to the
level of user satisfaction with the quality of heating in
buildings of preschool institutions, primarily in terms of
evaluating whether thermal comfort was achieved. The
processed user responses are shown in Figure 2.28. As
most users (almost 70%) evaluated the quality of heat-
ing as good or satisfactory, the heating systems seem to
be functioning well. With regard to the “extreme” evalua-
tions of the quality of heating, it can be noted that there
was approximately the same number of users who con-
sidered heating in their preschool as excellent as those
who were only partially satisfied or felt that the heating
was unsatisfactory. The information that 16% of users
were not satisfied with heating is indicative and points
to the necessary reconstruction of those buildings in
which thermal comfort is inadequate or energy use is
inefficient.

Figure 2.28. Evaluation of the quality of heating in preschool
buildings [%)]

50 60 70 80 90 100
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Obpafom aHKeTe O eHepreTCK1MM KapakTepucTiKama
3rpaja NpeaLwWwKonCcKMX ycTaHoBa yTBpheHa je kopena-
Umja M3mMehy MHCTanMcaHor cucTema 3a rpejare 1 olle-
He KOPUWCHMKa O KBanWTeTy rpejarba y Hiuma. Hajuewhe
je Kao OANMYHO M JOOPO OLieHEHO LieHTPaHO rpejate
(M3 COnCTBeHe KOTIAPHULE WM CUCTEMA AarbUHCKOT
rpejarba). VIHTepecaHTHO je fa je LeHTpanHo rpejarbe,
3ajef1HO Ca NIOKAMHKM rpejakbem, 400UNo 1 HajsuLle fo-
WX OlleHa — AenMMmYHO 3a0BosbaBajyhe. Mnak, 6poj
MO3UTUBHMX OLieHa je faneko Beh, WTo oxpabpyje.

YTBpheHa je 1 kopenaumja mamehy OCHOBHOM Ko-
puwheHor eHepreHTa 1 oLeHe KBanuTeTa rpejakba Ko-
PUCHMKA. HajBMWOM OLEeHOM je ouerbeH KsanuTeT
rpejarbe Kaga ce KOpUCTU NMPUPOAHW rac Kao eKOMOLWKM
HajnpuxBatTbMBMje GocunHO ropmeo. Mebhytum, Tpeba
ncTahu fia je npoueHTyanHa pacnoaena oLeHe KOPUCHW-
Ka O KBanuTeTy rpejarba y 3aBUCHOCTY off kopuiheHor
rop1ea NPUINYHO PaBHOMEPHA.

CaHVITapHa TOMNa BOAa

LleHTpanHa npunpema caHutapHe Torne soge (CTB)
HWje YeCTo 3acCTyr/beHa y 3rpafjama NPeaLLKONCKMX yCTa-
HoBa y Cpbujn. (MadukoH 2.29.)

[oTpolHa ToMa BOAa Ce YrNiaBHOM NpUnpema o-
KanHo, y enekTpuyHumM 6ojnepuma, JOK CaMo eo UMa U1
LieHTPanHy npunpemMy CaHuTapHe Tonne BOAe, Hajsule y
OHVM 3rpaflama Koje 1Majy CBOj KOTao WK Cy Ha CUCTeMY
[abVHCKOT rpejarba. YoueHa je nojaea fda ce 'y nocnefmbe
BpeMe y 3rpafe NpeaLlKoNCKyX ycTaHoBa yrpahyje cnc-
TeM 3a LeHTPaHy Npunpemy CaHUTapHe Tomne BOfe.
Takobe, npeTnocTaska je Aa Cy y 3rpaje V3 paHujer ne-
p1ofAa M3rpaatbe HakHaaHo yrpaheHy 6ojnepu, jep y cTa-
PYjM OBjeKTVMa HUCY HI MOCTOjasMN.

lpadukoH 2.29. MoKprBEHOCT 3rpafa NPeALKONCKMX yCTaHOBa
cmctemmma 3a npunpemy CTB-a [%]

Lena 3rpaga whole building
Hajsehu feo 3rpage major part of the building
Makb1 f1eo 3rpage minor part of the building

He nocToju does not exist

The analysis of the HVAC systems in the survey re-
vealed the correlation between the type of the heating
system and the users’ evaluation of the quality of heat-
ing. Best ratings were attributed to the centralized heat-
ing systems (with their own boiler on the premises or
connected to district heating). Interestingly, centralized
systems, local heating included, also had the greatest
proportion of partially satisfied users. However, it is en-
couraging that positive rankings considerably outnum-
bered the negative ones.

The correlation between the main energy source
and the evaluation of the heating quality was also estab-
lished. The users were most satisfied with the use of nat-
ural gas, as the most environmentally friendly fuel. How-
ever, it should be noted that the percentage distribution
of the users’ evaluation of the quality of heating relative
to the fuel used was fairly even.

Domestic hot water

Domestic hot water (DHW) preparation is not widely
used in the buildings of preschool institutions in Serbia
(Figure 2.29).

Sanitary hot water is usually prepared locally, using
electric heaters, while only a number of preschool facil-
ities, mostly those with their own boiler or those con-
nected to the district heating system, have centralized
DHW preparation. Recently, a trend of installing a cen-
tralized DHW preparation system has been observed. It is
assumed that some of the older preschool facilities had
heaters subsequently installed, as there had not been
any originally.

Figure 2.29. Distribution of DHW preparation in preschool
buildings [%]
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Hajsehw 6poj 3rpafia NpeawkKonCcK1x yCTaHoBa rpeje
BoAy Momohy 6ojnepa Koju Cy MPOTOUHM 1 akymynaLmno-
HW. AKyMynrcaHa Tomna Bofa Yy akymynaumoHum 6ojne-
pViMa ce BpeMeHOM Xflaaw, umme ce rybu eHepruja. Mpo-
TOUHM 6Ojnepn rpejy BoAy Kafa Cce OHa 1 KOPUCTU, Tako
[a Cy TOMNOTHU FyOULM Marby, anu ce eneKkTpoeHepreT-
cku cuctem ontepehyje Behom cHarowm, WTO CTBapa Ao-
JaTHe rybuTke enekTpuuHe eHepruje y MHCTanaumjama
1 HaNojHOj MPeXW. Y YNUTHWKY NuTarbe O TUNYy yrpahe-
Hor 6ojnepa HuWje NOCTaB/bEHO, Tako fla HWje MO3HaTo
KOJW TUM W Ca KOAMKOM 3acTymn/beHOWRY ce KOpUCTU y
BpTUhMma.

2.3. EnekTpoeHepreTcke MHCTanayuje
MoTpolurba enekTpuyHe eHepruje

[la 6u ce omoryhno yeua y notpebe 3rpafa npeau-
KOJMCKMX YCTaHOBA 33 €N1eKTPUYHOM eHeprijom 1 ogpe-
anne moryhe mMepe 3a yHanpeherbe eHepreTcke edurikac-
HOCTW, HEOMXOAHO je MPUKYNUTK 1 0bpaanTy nopaTke
0 rofinWHOj NOTPOLLFLK eNeKTpUYHe eHepruje no jeau-
HULW NOBpPLUKHE n3paxkeHe y kWh/m?. Y npealkonckim
yCTaHOBaMa Ce eflekTpUYHa eHepruja Hajuelwhe Kopuc-
T 33 Jobujarbe CaHWTapHe Torsle BOAE, 3arpeBarbe
npocTopuja, NpUNpemy xpaHe, Pafl OCBET/bEHA, Kao
N PasUUUTUX enekTprUHUX ypehaja. Ha ocHoBy mpu-
KynSbeHvx nofaTtaka o 563 3rpage, 66% je nano nHdop-
MauMjy O TOAMLLFGO) MOTPOWHW eNeKTpUYHe eHepruje.
Ha lpadukoHy 2.30. je npurKazaH XMCTOrpam roaniirbe
cneumduruHe NOTPOLLHbE enekTpnUHe eHepruje 3rpaaa
NPEeAWKONCKMX ycTaHoBa NpwmkasaH y kWh/m? Cneuu-
dryHa NoTpoWHa enekTpryHe eHepruje ce kpehey on-
cery o oko 10 kWh/m? no oko 110 kWh/m?. Ca npuka-
3aHor rpadurkoHa ce Moxe BuaeTH Aa TpehurHa 3rpaaa
NPEeAWKONCKMX YCTaHoBa Tpowwn mMare of 30 kWh/m?
roanwrbe. Ca apyre cTpaHe, ceera 10% 3rpaga TpoLmn
Buwe oa 75 kWh/m? [poceyHa cneunduruHa notpo-
WHa eneKTpUYHe eHepruje y NpealkonCckMM yCTaHOBa-
ma 'y Cpbuju nsnocn 41,65 kWh/m? roguiurse. M3 cnpo-
BeIEHNX aHaM3a MOXKe Ce 3aK/byUnTV [1a je MoTPOWHa
y 3rpafiama npeaLwKonckmx yctaHosa y Cpbuju seha y
O[IHOCY Ha WKOMCKe objeKTe.

Most preschool facilities use water heaters that have
either a continuous-flow or a storage tank. While stor-
age heaters use less power than those with continuous
flow, the stored hot water cools over time resulting en-
ergy losses. The continuous flow heaters heat the water
on demand so that the heat losses are lower, but they
require higher power inputs, which causes additional
power losses in the installations and the supply network.
As the survey did not contain questions about the type
of water heaters installed, there is no information on the
type and distribution of their use in preschool facilities.

2.3. Electrical power and energy systems
Electric power consumption

In order to gain insight into the demand for electric
power in the buildings of preschool institutions and to
determine the potential measures for improving their
energy efficiency, it was necessary to collect and process
data on annual consumption per area unit expressed in
kKWh/m?. In preschool facilities, electricity is most often
used for domestic hot water preparation, heating, food
preparation, lighting, and the operation of various elec-
trical appliances. The analysis of the data collected for
563 buildings showed that 66% provided information on
the annual power consumption. Figure 2.30 shows the
histogram of annual specific power consumption of the
preschool facilities expressed in kWh/m? While the ap-
proximate range of specific power consumption lay be-
tween 10 kWh/m? and 110 kWh/m?, one third of the kin-
dergarten buildings consumed less than 30 kWh/m? per
year and only 10% of the buildings consumed more than
75 kWh/m?. The average specific power consumption in
Serbia in kindergartens is 41.65 KWh/m? per year. The re-
search analysis suggested that in Serbia, electric power
consumption in kindergarten buildings was higher than
in school buildings.
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lpadukoH 2.30. MoTpoLutba enekTpuyHe eHepruje
no m?y 3rpafiama NpeawKoICKyX yCTaHOoBa

Figure 2.30. Electricity consumption per m? in preschool
buildings
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Ynotpeba knuma-ypehaja

YnoTpeba knvnma-ypehaja y 3rpafama npeawKonckmx yc-
TaHOBa MOXe Ce MoCMaTpPaTh Kao Ae0 eNeKkTpoeHepreT-
CKMX MHCTanauwja, byayhu aa y Cpbujv oBe MHCTUTYLMje
YIIaBHOM HUCY MOKPUBEHE LIEHTPATHUM CUCTEMOM KITN-
matusaluje. Y nopebetby ca lwKonama, 3acTynbeHoCT
Knuma-ypehaja y 3rpafjama npefwKoncKkmx yCcTaHoBa je
3HaTHO Beha, Mafja 1 aarbe npeko 60% 3rpaga Hema Hu-
KakaB BMA KNumaTusauuje. LLto ce Tnye npeoctanmx 40%
objekaTta, 15% roKX je y MOTAYHOCTU KAMMATM30BaHO, a
25% y Marb0j Mepu. JlokanHa ynoTpeba knuma-ypehaja je
Hajuelhe 3acTyn/beHa y pagHVM NpocTopyjama ynpase.

EﬂeKTpVNHO OCBET/bEHE

BewTayko ocseT/betbe je jepaH of Behmx nmoTpoluaya
enekTpuYHe eHepruvje y 3rpagama NpeawKonckux ycra-
HOBa, Te je reroBumM yHanpeherbem moryhe nosehatu
YKYMHY eHepreTcky edukacHOCT. HajzacTynibeHujn Bu-
JOBU OCBET/bEHbA CY MHKAAECLIEHTHO OCBeT/bere (CUja-
NMLe ca yKapeHOoM HUTY), GyopecLieHTHO OCBETIbEbE,
wreabmee cujanuue (CFL) n LED ocseTberbe. Y 3rpaga-
Ma MpefLKONCKmx ycTaHoBa y Cpbujn Haj3acTynbeHvje
cy dnyo LeBK, Na MHKaAeCLeHTHO ocBeTberbe. LLTteamu-
Be cnjannue v LED ocseTrberbe joL yBek HUCY TONMKO 3a-
CTynSbeHn, ann ce oyekyje aa he HKxoB NPOoLeHTyanHK

Use of air conditioners

The use of air conditioners in kindergarten buildings in
Serbia can be viewed as part of the electric power sys-
tem, since it is largely not centralized in a system. Com-
pared to schools, the distribution of air conditioners
in preschool facilities is considerably higher, although
more than 60% of buildings have no air conditioning.
In the remaining 40% of the facilities, 15% are fully and
25% are partially air-conditioned. Air conditioners used
locally are most often found in administration offices.

Electric lighting

Artificial lighting accounts for a significant share of
power consumption in kindergarten buildings, and the
improvement in the lighting system can lead to an in-
crease in the overall energy efficiency. The most com-
mon types of lighting include incandescent (glowing
light bulbs), fluorescent, energy-saving (CFL) and LED
lighting. In preschool facilities in Serbia, fluorescent
tubes are used most frequently, followed by incandes-
cent lighting. Energy-saving and LED lighting is still not
widely used, but its percentage share is expected to in-
crease in the future. It should be noted that the type of
LED lighting should be chosen based on expert opin-
jon in order to be acceptable for use in kindergartens.
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yneo y 6ygyhHoctv 6utn cse Behu. Tpeba HanomeHyTn
[a npunnkom nsbopa LED ocseTrberba Tpeba KOHCYI-
TOBATW CTPYUrbaKe 33 OCBET/bEHE KAaKO OU CneKTpasnHe
KapaktepucTrke oaabpaHor LED oceeTrberba bune npw-
XBaT/bMBe 33 NPOCTOpMje Y Kojuma bopase aeua. AyTo-
MaTCKa KOHTpONa OCBeT/berba BPO je peTka. Ha ocHoBy
NPUVKYN/beHMX NMoAaTaka, MPOCeYHo Bpeme pafia BellTay-
KOT OCBeT/berba Yy 3rpajama NpefLKoNCKyX ycTaHoBa Y
Cpbujn n3Hocn 6,5 catn. Ha lpadurkoHuma 2.31, 2.32. 1
2.33. Mpurika3aHa je NpoLeHTyanHa 3acTyr/beHOCT passu-
UMTVX TWUMOBA OCBET/bEHA, 33aCTYM/bEHOCT ayToMaTCKe
KOHTpOME OCBET/bEHA, KA0 1 MPOCeYHa AHEBHA yNOTpe-
6a BelWTauykor OCBeT/berba Y 3rpafjama NpefKONCKIX
yCTaHOBa.

MpaduKkoH 2.31. YnoTpeba pa3nmumtix TMNoBa OCBeT/berba Y
3rpafama npeauwKonckux yctaHosa [%]

Automatic lighting control is very rare. The research
results indicate that the average daily use of artificial
lighting in kindergarten buildings in Serbia is 6.5 hours.
Figures 2.31, 2.32 and 2.33 show the percentage distri-
bution of different types of lighting, the share of auto-
matic lighting control, and the average daily use of arti-
ficial lighting, respectively.

Figure 2.31.The use of different types of lighting
in preschool buildings [%]
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MpadukoH 2.32. 3aCTyN/beHOCT ayTOMATCKe KOHTpOse Figure 2.32. Distribution of automatic control
BeLWTaYKor OCBET/bEHbA Y 3rpajjaMa NPeaLKONCKMX of artificial lighting in preschool buildings [%]
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lpadukoH 2.33. MpoceyHa AHeBHa ynoTpeba BeluTaukor
OCBET/berbA Y 3rpaflaMa NpefWwKoncKmx ycTaHoBa [%)]

[0 3 caTta up to 3 hours
3-6 catn 3-6 hours
6-9 catv 6-9 hours

npeko 9 catn over 9 hours

YnoTtpeba poTOHAMOHCKMX CucTeMa

(DoToHanoHckwM cructemy omoryhasajy nokanHy npo-
M3BOfMLY €NeKTpUYHe eHepruje 13 eHepruje conapHor
3paverva. [lopes Tora WTO nNpefcTas/bajy OBHOBLUB
M3BOP eHepruje, NOKaNMHOM MPOM3BOAHOM ENeKTprY-
He eHepruje ce 3Ha4ajHO CMarbyjy rybuUmM KOjU HacTajy y
NPEHOCHO] 1 ANCTPUOYTUBHOj Mpexn. (babuh, Hypuwnh,
»Kapkosuh, 2015). Mo3uTrBaH edekaT 13rpafte GoToHa-
MOHCKMX CHCTEMa Ha CMatbetbe rybuTaka 1 KBanmTeT Ha-
MOHa MOXe Ce 3HaTHO nosenaTy NpUMEeHOM ynpaB/batba
MOTPOWHOM Yy 3rpafama NpefwKonckmx yctaHosa (Ko-
Typ, Hypurwuh, 2017.) 1 CMarWTK CHara pa3meHe eHep-
rvje 3rpafia NpefLKoCKMX YCTaHoBa U enekTpoeHep-
reTckor cuctema. Vako mocToju Benvkx noteHumjan 3a
FbVIXOBY M3rPaAby Ha KPOBOBVIMA MPEALLKOACKMX yCTa-
HOBa, GOTOHANOHCKM CUCTEM je, Mpema AOCTYMHUM WH-
dopmaumjama, 3a caga y Cpbuju MHCTanMpaH Ha KpoBy
camo jeaHor objekTa NPeALIKonCKe ycTaHoBe. VIHCTanw-
CaHa CHara oBor cuctema je 2,8 kW . Hajehun 6poj 3rpa-
Aa NPEeALIKONCKMX YCTaHOBA 1Ma KOCK KPOB, YeCTO jyxKHe
opwjeHTaumje, wWTo omoryhasa edpukacHo kopuliherse
GOTOHANOHCKYX CMCTEMA Ma je OA MPUOPUTETHE BaXKHOC-
TV Npeay3eTn Mepe 3a MHCTanaumjy GoToHanoHCKmx na-
Hena Ha objekTnMa NpefLKonckmx ycTaHosa. OBaj BuA
MHCTanaumja Ha WKOACKM 1 MPefLIKONCK/M ObjeKkTMa,
nopes eHepreTckyx edekaTa, ma 1 eflykaTBaH 3Hauaj.

Figure 2.33. Average daily use of artificial lighting in preschool
buildings [%]
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Use of photovoltaic systems

Photovoltaic systems enable local generation of
electric power using solar energy. In addition to being
a renewable energy source, local power generation also
contributes to the substantial reduction of losses in the
transmission and distribution networks (Babi¢, Burisi¢,
Zarkovi¢, 2015). The positive effect of integrating pho-
tovoltaic systems on power losses reduction and volt-
age quality can be particularly well combined with the
demand side management in preschool facilities (Kotur,
Buridi¢, 2017), which would reduce the power exchange
between the facility and the electric power system. Al-
though there is great potential for installing photovol-
taic systems on the kindergarten roofs, according to
the collected data, only one kindergarten in Serbia has
photovoltaic systems on its roof. The installed generat-
ing capacity of this system is 2.8 kW . The fact that most
kindergartens have pitched roofs often oriented to the
south makes the efficient use of photovoltaic systems
possible. The significance of this measure is not only in
energy savings and CO, emission reduction but mostly
in its educational character.
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3. AEOMHNCAHE TUTIONOIUJE 3TPAJA
MPEALWKOJICKNX YCTAHOBA

Knacndukaumja 3rpafia npeaWwKoNicKnxX ycTaHoBa

OcHoBHa MaTpyLa 3a dopmmparse TMNonorvje 3rpa-
[a nNpefLKOoNCKMX ycTaHoBa — BpTMNa, pe3ynTat je 6poj-
HWX aHanm3a ayTopckor Tvma. OHe cy obyxBaTtune pas-
BOj MPEALKONCKMX YCTaHOBa KO[ Hac, pa3goj 3rpafa
HaMEHCKYM NPOjeKTOBaHMX 1 rpaheHVx 3a NpeaLKoacKke
yCTaHOBe, Mponuce o NPojekToBakby U rpahersy 3rpaga
NPEeALIKONCKMX YCTaHOBA ¥ MPONKMCe O TEPMUYKO] 3aLUT-
TV 3rpaga. Takobe, Ha popmmparbe TUNOOLWKe MaTpHLe
yTuuanu cy n 6pojHn Apyrn GakTopu BesaHu 3a npojek-
TOBakbe 1 rpaherbe apxXmUTEKTOHCKIMX objekaTa: BpemeH-
CKe MPEeKPETHMLE Y Pa3BOjy TEXHUYKMX 1N TEXHOMOLLKIX
MOryRHOCTM 13rpagrbe, pa3soja c1McTema, Npov3Boaa
maTepujana, kKao M Mo3HaBarbe Pa3Boja apXUTEKTOHCKE
Teopwje (MMCAK), TO jeCT CTUAOBA Y MPOjeKTaHTCKOj NpakK-
CY KO[ Hac, Kao M3y3eTHO BaxHOr Kputepunjyma. OCHOB-
Ha MaTpuLa TUNONOTMje 3rpaAa NPEALWKONCKMX yCTaHOBa
AeduHNMCaHa je KPO3 YeTUpKM BpeMeHCKa neprioaa:
« [0 1945, roguHe
« 1946-1970.
« 1971-1990.
- nocne 1991. roguHe

Mpw oapehvBarby TMMOBA 3rpafa No BEANYMHK, KO-
puwheHa je aHann3a goobujeHVx NoaaTaka ca TepeHa, Kao
1 NPOjeKTaHTCKa aHanm3a 3acHoBaHa Ha Moryhim opra-
HM3aUMOHWM LieMama 6asnpaHnuM Ha yMHOMaBarby Tu-
MUUHe jeavHuLe CTaHAAPAHUX AMMeH3Mja ca npaTtehm
CafpajeM 1 10faBaHeM HEOMXOAHMUX XONCKMX NPOCTO-
pa, NPOCTOPA 3a AAMUHUCTPALM]Y, M30MaLNjY...

Ha oBaj HauuH geduHWcCaHa cy Tpw TWMa 3rpaja
NpeALKONCKMX yCTaHoBa (Mpema 6pyTo MOBPLWNHN):

+ Marbe, nospLnHe o 500 m?
«  cpeqrbe, noBpwrHe o 500 m? go 2.000 m?
- Behe, noBpLwKHe npeko 2.000 m?.

Ha lpadukoHy 3.1. npenctae/beHa je pacrnopena
yKynHor GoHAa 3rpajda NpeWKOACKMX YCTaHoBa No 6py-
TO pa3BujeHoj rpahesnHckoj nospLwmHW (bPITI).

3. DEFINING THE TYPOLOGY
OF KINDERGARTEN BUILDINGS

Classification of Kindergarten Buildings

The basic matrix for the formation of the typology of
kindergarten buildings — kindergartens resulted from a
set of comprehensive analyses that included the devel-
opment of preschool institutions in our country, of pur-
pose-designed buildings to accommodate them, and of
regulations on their design and construction as well as
on thermal protection of buildings. Also, the formation
of a typological matrix was influenced by a number of
other factors that are related to the design and construc-
tion of architectural objects in general, such as the turn-
ing points in the advancement of technical and techno-
logical capacities in construction, the development of
systems, products and materials, as well as the vital ex-
pert knowledge of the architectural thought and styles
in the design practice particular to our country. The basic
matrix of the typology of kindergarten buildings was de-
fined in four time classes:

until 1945

1945-1970

1971-1990

after 1991.

The classification of building types according to size
used the analyses of the field data and the possible or-
ganizational layouts wherein the typical unit of standard
dimensions with amenities was multiplied and the nec-
essary areas were added, such as halls, administration of-
fices, isolation rooms, etc.

Thus, three types of kindergarten buildings were
defined:
« small, with the area under 500 m?

medium-sized, with the area between 500 m?

and 2,000 m?

large, with the area over 2,000 m?

Figure 3.1 shows the distribution of the overall kinder-
gartens stock by the gross floor area (GFA).
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padvkoH 3.1. 3aCTyr/beHOCT 3rpaa NPEeALWKONCKMX YCTaHOBa
no 6pyTo pa3BujeHoj NOBPLWMHM [%]

Marbe of 500 m? smaller than 500 m?

of 500 go 2000 m? from 500 to 2000 m?

Behe of 2000 m? larger than 2000 m? 17

Figure 3.1. Distribution of preschool buildings
by gross floor area [%]
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[Mpema T1ny, CTaTUCTUYKK Cy Haj3acTyrnibeHuje 3rpa-
L€ NPEALLKONCKNX YCTaHOBA CPebe BETMUMHE; OBAKBUX
3rpafa y yKynHoM 6pojy vma Buwwe o 50% (MpadurkoH
3.2.). Opyrvi no 3aCTyn/beHOCTM Cy Manu 06jeKTy, a peTke
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lpadwKoH 3.2. 3aCTynN/bEHOCT ManuX, CPeaFbYIX U BEMKIIX
3rpaza NpefwKoICKyX yCTaHOBa, NpemMa nepuoay nsrpagrbe (%]
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With regard to type, the statistical preponderance
of medium-sized buildings with more than 50% of the
total is obvious (Figure 3.2). They are followed by small
buildings, while the buildings with the area larger than
2,000m? are the least represented.

Figure 3.2. Distribution of small, medium-sized and large
preschool buildings by the period of construction [%]

1945.
marne (1o 500 m?) 231 297 56 Jo
small (bellow 500 m?) before 1945
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medium (501-2000 m?) -

senuke (npexo 2000 m?) 89 1971-1990.

large (more than 2000 m?) 1971-1990
[Mocne 1991.

HenosHaTo
N/A 100|18 u after 1991
| | | |
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Pe3y11TaTI/I Knacrtep aHanmse

Kao ocHOB 3a NpurMeHy NocTynKa knactep aHanmuze's,
6ynyhv fia H1je 6rno Moryhe KOpUCTUTU CBE aHanm3u-
paHe KapaKTepuCTVKe 3rpafia NpWKYN/beHux y 1cTpa-
XVBatby, KopulheHe Cy camo OCHOBHEe KapaKTepuCTHKe
Koje ce ofjHOCe Ha MOBPLUMHY ¥ BONyMeTpujy objekata,
Kao ¥ Ha maTepujanuaumnjy TepMMUYKOr oMoTada: OpyTo
NOBPLWNHA 3rPaje, CNPaTHOCT M KOMMAKTHOCT 3rpaje,
KapaKTepUCTVIKe KPOBa, MaTepujan dacafHor 31aa, Kao
1 NOCTOjatbe Tepmovzonaumje y TEPMUYKOM OMOTauy.

'8 Objalrberbe KnacTep aHanmse Aato je y Krbran 1 32pade wikos-
CKUX U NPEOWKOICKUX YCMAHOo8d — MemoOOI0WKU OK8UP (hopmu-
Ppara munosiozuje U Nobosellarbd eHepaemcke edukacHoCmu
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Results of the cluster analysis

Given the large size of the data gathered in the sur-
vey, only the basic characteristics of the buildings were
used for the cluster analysis,'® relative to the area, the vol-
ume, and the materialization of the thermal envelope:
gross floor area, number of floors and compactness of
the floor plan, roof characteristics, facade wall materials,
and thermal insulation of the envelope.

'*The explanation of the cluster analysis is given in School and
Kindergarten Buildings — A methodological framework for the
formation of typology and the improvement of energy efficiency
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Table 3.1. Descriptions of the model kindergarten buildings

6pyTO passujeHa nospuumHa (bIM)
gross floor area
Mepuion MNapameTpy aHanmse Marbe o 500 m? 0500 0 2000 m? gehe o 2000 m?
Period Analysis parameters smaller than 500 m? from 500 to 2000 m? larger than 2000 m?
TN/ nogtvn type / subtype
BIT1 gross floor area 235 m? 725 m?
cnpatHocT floors NGk M/ MN+1 GF / GF+1
[o 1945. KOMMaKTHOCT compactness KOMMaKTHa compact KOMMaKTHa compact
Before 1945
TMN KpoBa roof type Koc KpoB pitched roof Koc KpoB pitched roof
MaTepujan dacanHor 3uaa facade | oneka brick oneka brick
BIM gross floor area 460 m? 720 m?/ 1450 m?
cnpatHocT floors MnGF M/ N+1 GF / GF+1
1946-1970.
1946-1970 | KOMNaKTHOCT compactness nenMmyHo pasyhera KoMnakTHa / fien. pasyheHa
partially complex compact / partially complex
VN KpoBa roof type Koc KpoB pitched roof KOC KpoB / fien. paBaH
pitched roof / partially flat
MaTepujan dacapHor 3uaa facade | oneka brick oneka / 6nok brick / clay block
BITI gross floor area 285 m? 1450 m? 2700 m?
cnpaTHocT floors MGk M+1 GF+1 M+1 GF+1
1971-1990.
19711000 | KOMNAaKTHOCT compactness KOMnaKTHa / fien. pasyheHa KOMnNaKTHa unu pasyhexa pasyheHa / fen. pasybeHa
compact / partially complex | compact or complex complex / partially complex
VN KpoBa roof type Koc KpoB pitched roof Koc KpoB pitched roof
Koc KpoB pitched roof
MaTepujan dpacapHor 3uaa facade onexka brick oneka / 6eToH brick / concrete
oneka brick
BIM gross floor area 1500 m? 2450 m?
cnpatHocT floors M+1 GF+1 M+2 GF+2
Mocne 1991. | KOMMAKTHOCT compactness KoMnakTHa / fien. pasyheHa pasyheHa complex
After 1991 compact / partially complex
VN KpoBa roof type Koc KpoB pitched roof KOMBMHOBaHM KPOB
combined roof
maTtepujan dpacagHor 3uaa facade 610K vnm oneka clay block 610K vnn 6eToH clay block or
or brick concrete

HaBeaeHe KapakTepucTrke cy oaabpaHe nmajyhn y
BUM[Y HbVXOB 3Hauaj 3@ EHePreTCKe KapaKTePUCTHIKe 3rpa-
Ae. AHanM30M y30pKa CTaTUCTUYKMM MeTofama, a Nnpema

These characteristics were selected owing to their
significance for the energy performance of a building.
The statistical analysis of the sample across the given
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HaBEAEHWM KapakTepucTKama, GopmrpaHa je Matpuvua
Ca onvcuMmMa MOLIeNCKIX 3rpafa Koje ce Hajyewwhe cpehy
y 33aTUM TPaHUYHIUM YCIoBMMa. Y ClydajeBuma rae je
aHanwv3a nokasana nofjeaHaky BeposaTHoNy nojase pas-
JIMYUTVX BapujaHTL ofpeheHnx KapakTepucTrka, a Koje
VMajy AMpeKTaH yTulaj Ha TepMmuyke ocobuHe 3rpage,
nopef AOMUHAHTHOT TWna 3rpaja, ycBojeHa je u moryh-
HOCT MojaBe 1 oarosapajyher noat1na. Y oBom Ciyyajy,
Kaf] Cy 3rpafe NpealKonCKyx YCTaHoBa Yy NTakby, NMof-
TMN npeosnahyje Kof UHCTUTYLUMja CPeatbe NMOBPLUMHE,
n3mehy 500 m? 1 2,000 m?, 1 To y Nnepuoay MU3rpaaHe
1945-1960. roguHe.

MpoueHTyanHa 3acTym/beHoCT 3a CBe TWMose U
NOATUNOBE 3rpafa NPeALWKONCKNX YCTaHOBA Y YKYHOM
rpaheBnHCKOM GOHAY OBMX 3rpada, fobujeHa Knactep
aHanv3om, aata je y Tabenu 3.2.

characteristics was used to form a matrix with the de-
scriptions of model buildings that most often occur in
the given boundary conditions. In cases where the anal-
ysis showed that there was an equal likelihood of occur-
rence of certain characteristics, especially those directly
affecting the thermal properties of the building, a corre-
sponding subtype was added to the adopted predomi-
nant type. In the buildings of preschool institutions, the
subtype occurs in medium-sized facilities with the area
between 500m? and 2,000m?, in the period of construc-
tion 1945-1960.

Percentage distribution of all types and subtypes of
kindergarten buildings generated by the cluster analysis
is shown in Table 3.2.

OnuwTa HanomeHa:
Y cBvM Tabenama 6pojeBn Cy Npu1kasaHu y cknagy ca
npaBuIMMa CPMCKOT je3uiKa.

General remark:
In all tables numbers are presented according with
serbian language rules.

Tabena 3.2. 3aCTynsbeHOCT TUNOBa NPeLIKONCKKX YCTaHOBa
no nepunoamnmMa msrpaarse [%]

Table 3.2. Distribution of preschool types by the periods of
construction [%]

Mepvioa Mane Cpeare Benvke
Period (1o 500 m?) (500-2000 m?) (Behe og 2000 m?)
Small Medium Large
(smaller then 500 m?) | (500-2000 m?) (above 2000 m?)
[10 1945,
before 1945 o1 386 By
1946-1970.
1946-1970 6,54 8,74 1,30
1971-1990.
1971-1990 12,46 34,63 11,93
nocne 1991.
after 1991 233 572 337

AHanusom nopataka y Tabenwu 3.2 je ytepheHo Aa cy
nojeAViHY TUMOBK 3rpafa NPEeALLKONCKMX YCTaHOBa BPIO
PETKN Y YKyNHOM GOHAY, Tako Aa A0BMjeHM Onrcy Moaen-
CKMX KyNa, Ha 1M3y3eTHO MaioM Y30PKY, HUCY PeNeBaHTHM
3a 1M300p CTBApHMX NpeAcTaBHMKA. Kao rpaHnyHa Bpea-
HOCT YCBOjeHa je 3acCTyn/beHOCT Y YKynHOM Opojy 3rpa-
Aa of MUHUMYM 2,5%. MoTpebHo je HarnmacuTh fa je ue-
NIOKyMNaH NpoUec orpaHudeHe TayHOCTH, jep je ypaheH

The analysis of the data in Table 3.2 indicated that the
share of certain types in the total inventory of kindergar-
ten buildings was so small that the model descriptions
obtained were not relevant for the selection of the real
representatives. The minimum boundary value was set
to 2.5% of the total inventory. Also, it should be empha-
sized that the entire process is of limited accuracy as the
standard application of cluster analysis requires a larger
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Ha OCHOBY pPenaTMBHO Manor y3opka. Havme, no yobu-
YajeHnM NPUHUMAMMA, 33 afekBaTHy MpUMeHy MoCTynKa
KnacTtep aHanmse HeoxofaH je Behu y30pak MO CBaKoj
henmjn'. Ha ocHOBY HaBefeHe anpoKc1maLvje, NpoueH-
TyanHO HepeneBaHTHW TWMOBW 3rpafla HUCY MpUKasaHu
Y MaTpULM HUTU CY HIXOBE KapaKTEPUCTLKe y3eTe Yy 00-
3Vp MPWIKIKOM OBpadyHa MOTPOLHE eHeprije, Morynnx
ywTefa eHepruje Kpo3 NpoLec eHepreTcke pexabunmta-
uvje 1 HMBOa emncuje yribeH-amoKcmaa Ha HUBOY uYnTa-
BOr rpaheBMHCKOr GoHa NPeALKONCKKX 3rpada. Huxos
CTATUCTWYKM NPOLEHAT je pacnopeheH Ha apyre TMnose
3rpafia uvje Cy KapakTepucTvke KopuWheHe MNpUanKom
npopayyHa.

MpeTpakrBarbeM rpaduuke [OKyMEHTauMje npw-
KyrnsbeHe TOKOM Mpoljeca cnpoBohersa nonmnca, Kao u
npernefom CBUX OCTanvx AOCTYMHWX M3BOPA, WAEHTW-
drKoBaHe Cy 3rpage NPeALKONCKMUX YCTaHOBa Koje Haj-
BYLLIE OAroBapajy CTaTUCTUYKK ofpeneHM KapakTepuc-
TVIKaMa MOAENCKMX 3rpafa. Ha oBaj HaumH aeduHUCaHM
Cy peanHv penpe3eHT! MOLENCKM reHepucaHnx 3rpaga
npema AOMMHAHTHUM KapaKTepucTvkama foOunjeHrM 13
KnacTep aHanuse. (Tabena 3.3.)

Mpunnrkom ofabvpa peanHux penpeseHaTa mogen-
CKWMX 3rpaja, Benvku 6poj HeAoCNeAHOCTH je 3HAaTHO OTe-
Xao npouec naeHTrdrKaumnje oarosapajynnx npumepa.
Beoma yecTo, nMpefwKoncKe yCTaHOBE KOpWUCTe 3rpa-
[ie unja je NpBOOUTHA HameHa brna CTaHoBarbe a Tek Cy
KaCHvje aganTtvpaHe 3a noctojehy HameHy. OBakBu Ciy-
uajeBu Cy Hajuewhw y NpBoM AedpUHMCaHOM BPEMEHCKOM
nepunopy, Mafia ce jaBrbajy W KacHuje, rae je Beoma yecra
npeHameHa Apyrix objekaTa 31aaHnx 3a NoTpebe WKona,
jaBHWX ycTaHoBa... Takohe, Bennkn 6poj 3rpaaa je npetp-
neo Aorpadmy WiV HaLorpaarby, ajantauujy, 3ameHy
[OTpajanux KPOBHMX MOKPKBAYa, 3ameHy Npo3opa, opw-
TVHaNHUX CMCTEMA 3a Fpejarbe, Tako Aa noctojehe cTarbe
UeCTo OACTYMNa Of OPUMMHANHOT, MPOJEKTOBAHOT CTakba.

[o NpuKyn/bakby TEXHNYKE JOKYMeHTallmje, CBe farbe
aHanuse, geduHucarbe Moryhux yHanpehera v npo-
padyHM Cy paheHn Ha OCHOBY MPOjeKTOBAHOr CTakba

V TIprHUMNY KNacTep aHanvse Aatv cy y Krekdn 1 3epade
WIKOJICKUX U NPEOLUKOICKUX YyCMaHo8a — MemooosIoWKU
OK8UP hopMUparea munonozuje U N0bObUIArA eHepeemcke
ehukacHocmu

sample for each cell.” Upon the given approximation,
the proportionately negligible types of buildings were
excluded from the matrix and from the calculations of
energy consumption and possible savings gained by en-
ergy rehabilitation or of CO2 emissions at the level of the
entire inventory of kindergarten buildings. Their statisti-
cal representation was distributed to the types of build-
ings whose characteristics were used in the calculations.

By thorough examination of the graphic documen-
tation collected in the inventory procedure and of all
other available sources, the kindergartens were iden-
tified that best corresponded to the statistically deter-
mined characteristics of the model buildings. Thus, the
real representatives of the model-generated buildings
were defined according to the predominant character-
istics obtained in the cluster analysis (Table 3.3).

In the selection of the real representatives of mod-
el buildings, a considerable number of inconsistencies
were observed that further hampered the process of
identifying the adequate examples. Namely, kindergar-
tens were frequently accommodated in buildings that
had originally been designed for housing and were sub-
sequently re-purposed. Although this applied most of-
ten to the buildings from the first period, there were also
occurrences from the later periods, when buildings such
as schools or public institutions were frequently con-
verted to accommodate preschool facilities. Also, a large
number of buildings underwent horizontal or vertical ex-
tensions, refurbishments, and replacements of deterio-
rated roofing, windows or original heating systems, so
that the existing condition often deviated from the origi-
nal design.

While further analysis, calculations and definitions of
potential improvements were based on the original de-
sign documentation of the selected representatives, the
graphic representations illustrate the existing condition
of the facilities. The analyses referring to the potential im-
provements of the buildings through their energy reha-
bilitation should apply not only to the selected buildings

7 The principles of the cluster analysis are given in School and
Kindergarten Buildings — A methodological framework for the
formation of typology and the improvement of energy efficiency

39



HaumoHanHa Tnonorvja 3rpafa npeaLwkonckux yctaHosa Cpbuje National Typology of Kindergartens in Serbia

ofabpaHnx penpeseHata. MnycTpauuje npvikasyjy 3a-
TeueHa CTarba OBVIX yCTaHoBa. CnpoBefieHe aHanmze y
Be3u ca MoryhHoCTMMa yHanpeherba 3rpafa Kpo3 Hbii-
XOBY EHEPreTcKy pexabunutauujy ogHoCce ce He camo Ha
onabpaHe 3rpaae Beh v Ha Leo rpaheBnHCKM GoHa Kome
npunaga penpeseHT. Ha Taj HauMH aati nNpennosw, Kao
1 AoBnjeHn pesynTaT Mory Ce MPUMEHUTY 1 Ha ocCTane
3rpazie NPEeALIKONCKMX YCTaHOBa UCTOr TUMa.

Tabena 3.3. Tunonouwka mMatpuLia oaabpaHrix penpesexHata

but also to the entire stock to which the representative
belongs. In this way, the proposed improvements and
the results obtained can be applied to other buildings of
preschool institutions of the same type.

Table 3.3. Typological matrix of representative buildings

Mepvioa
Period

Mane (go 500 m?)
Small (smaller then 500 m?)

Cpeptbe (500-2000 m?)
Medium (500-2000 m?)

Benuke (Behe og 2000 m?)
Large (larger then 2000 m?)

no 1945,
before 1945

1946-1970.

1946-1970

1971-1990.
1971-1990

nocne 1991.
after 1991
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4. 3rPAJE NPEAWKONCKMX YCTAHOBA
Y KAPAKTEPUCTUYHUM NEPUOONMA TPAHE

MNepuon go 1945. roanHe

Mana 3rpaaa, noepuwuHe Ao 500 m? npeacTaBba Haj-
uelWNK TMN NPeALKONCKe yCTaHOBe Y nepuroy npe 1945,
roaviHe, ca Buwwe of 70% 3acTynsbeHocTw. [pealukoncke
yCTaHOBE Cy, MO CBOjOj MPUMAPHOj HaMeHW, OpraHn30-
BaHe NOKaHo, M1HUMM3MPajyh noTpeby 3a TpaHCnop-
TOM flele, WTO Y KNacuyHoj ypbaHoj MaTpuum pesyntnpa
cBeleHNM MPOCTOPHUM 0OYXBATOM 1 MarbiM 00jeKTIMA.
Y CEOCKMM HacesbiMa OBakaB TMn objekata je pehu, np-
BEHCTBEHO yCe[ opraHu3auuje n CTpyKType nopoany-
HVX foMahMHCTaBa Koja Cy buna BullereHepaumjcKka Te
Huje buno noTpebde 3a OBMM TMNOM ObjeKaTa.

lpaduikoH 4.A.1. 3aCTyn/beHOCT NPeLIKONCKMX 3rpafja npemMa
BeNMUMHN y neprody npe 1945. rogrHe [%)]

4. KINDERGARTENS IN CHARACTERISTIC PERIODS
OF CONSTRUCTION

Period until 1945

The most prevalent type of preschool facilities in
the period until 1945 was a small building with the area
of under 500 m? accounting for more than 70% of the
total inventory. By their primary purpose, preschool in-
stitutions were organized locally in order to minimize
the need for transport of children. In the typical urban
matrix, this resulted in a reduced spatial coverage and,
consequently, smaller facilities. In rural settlements, this
type of facilities was significantly infrequent as there was
no demand, primarily because of the organization and
structure of multigenerational family households.

Figure 4.A.1. Distribution of preschool buildings in the period
before 1945 by size [%]

0 09

Y nepunopy npe 1945, ouekrBaHo, Npeosnahyjy Kom-
naKkTHe ¥ fenumMnuHo pasyheHe 3rpage. Mako je dyHk-
UMOHanmHa CTPYKTypa MPeALKONCck1x objekaTa foHe-
Kne Apyrauvja of WKOMACKMX, C 003MPOM Ha M3pasnTy
3aCTynSbeHOCT MarbkX 3rpaja, oHe Cy Hajuelwhe Beo-
Ma jefiHOCTaBHe OpraHu3alvje cacTaB/beHe Off HEKONW-
KO jefMHMLa, MO MpaBwWy, OPraHrW3oBaHKX y camo jef-
HOM TpaKTy. lNoTpeba 3a 0bjeanrbaBarbem rpymnHMX coba
nojefnHNX CTaPOCHYMX rpyna 1 yCnocTaB/bakem AVPeKT-
He Be3e MPOCTopa yHyTap W BaH ObjekTa yCnoBuau cy
nosehaHy pasyheHocT, Te cy v AeNMMUYHO pasyheHu
00jeKTV MPYMETHO 3aCTyNSbeHN.

Mane (ao 500 m?)
small (bellow 500 m?)

. cpearbe (501-2000 m?)
medium (501-2000 m?)

70,2 Benvke (npeko 2000 m?)
large (more than 2000 m?)

HernosHaTo
N/A

Unsurprisingly, the buildings with compact and par-
tially complex floor plans were prevalent in the period
until 1945. Although the functional structure of pre-
school facilities is relatively different from that of schools,
the great preponderance of small buildings indicates
that they were simply organized with a few units in a sin-
gle block. The need to interconnect the rooms accom-
modating particular age groups and to establish direct
communication between the interior and exterior space
have resulted in greater complexity of layout, and a pro-
portionally higher representation of partially complex
buildings.
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padvikoH 4.A.2. 3aCTyN/beHOCT NPeAWKOCKKX 3rpaaa npema
KOMMaKTHOCTK dopme y neprogy npe 1945. roamHe [%)

6,5

359

[Mpema CnpaTHOCTK, AOMUHAHTHY TUM NPESLIKOCKe
3rpafe 3a nepuop npe 1945. rognHe jecte npusemHa
3rpaga. [loTnyHo ouekwBaHo, UMajyhw y Buay vspasu-
Ty 3aCTYNSbeHOCT Manunx objekata, Kao 1 NPYPOAY OBOM
TMNa 06pasoBHe ycTaHose. CnpaTHYIX 3rpafa vma Y 3HaT-
HO MarbeM BPOjy 1 YrMaBHOM Cy Be3aHe 3a rpafcke Tepu-
Topwje, rae je y KnacuyHoj ypbaHoj Matpuum 360r orpa-
HUYetrba NpoCTopa NapLene HeomnxoaHa Beha cnpaTHOCT.

C 0631pom Ha Mpupody objekTa, y OBOM Nepurogy ce
rpafe NoApymcke mMpocTopuje yrnaBHOM Kao MOMONHM
npocTopu (oCTaBe, KOTNapHULE, PaavoHNLIE), @ KOA Of-
peheHor 6poja 3rpafa NPUMETHa je 1 KacHWja NpoMeHa
FbXOBE HAMEHE W YKIbyUMBarbe Y KOPUCHW eflyKaTVBHY
NpPOCTOp Kao nocneamua nosehaHor 6poja KoprCHMKa.

padvikoH 4.A.3. 3aCTyn/beHOCT NPeaWKOSCKKX 3rpaja npema
cnpatHoCTW y nepuogy npe 1945. roanHe [%]

220 33
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Figure 4.A.2. Distribution of preschool buildings in the period
before 1945 by compactness [%]

[ xomnakTHe
compact

[ Aemmro pa3ybeHe
partially complex

pasyheHe
complex

543 HEeMno3Hato

N/A

With regard to the number of floors, the predomi-
nant type of the kindergarten building built until 1945
had only the ground floor. This is fully anticipated giv-
en the preponderance of small buildings and the pur-
pose of this type of educational institution. Although in a
significantly smaller percentage, higher buildings can be
found mostly within the traditional urban matrix where
the area of the building lot is limited so that the number
of floors must increase.

Considering the main purpose of the facilities, the
basement area in the buildings of this period was mainly
intended for auxiliary spaces (utility rooms, boiler rooms,
or workshops). It is noticeable that a number of buildings
have had the basement re-purposed and converted to
useful educational space, mostly because of the increase
in spatial requirements and user demand.

Figure 4.A.3. Distribution of preschool buildings in the period
before 1945 by the number of floors [%]

.I_I

GF

HEMNo3HaTo
N/A

M+1
. GF+1
M+2
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Kocn KpoB je roToBO jeAuHN TN KPOBHE KOHCTPYK-
Umje 3a cBe 3rpajge marpaheHe npe 1945. roguHe. OH je,
no NpaBwIy, APBEHE KOHCTPYKLMje Ca PasnnymUTM TMNO-
BMMa KPOBHMX MOKPMBAYa, Hajuelwhe NMMOM 1 LIpEeroM.
TaBaHCKM NPOCTOP Ce, MHULMjaNHO, He KOPWUCTK 3a 6o-
paBak, Mafia je NpMMeTHa Herosa akT1eaLuja, Hajuelwhe
KOA rpafCcKMX 3rpaja, HacTana y KacHujum neproanma.

MaduikoH 4.A.4. 3aCTynsbeHOCT NPeALIKONCKIX 3rpaja npema
Tvny Kposa y nepuody npe 1945. roguHe [%]

22 11

3nfjaHe, MacMBHE KOHCTPYKLMje NpeAcTasibajy OC-
HOBHW KOHCTPYKTVBHW CKIOM 3rpafa NPeawKonCckmx yc-
TaHOBa OBOr nepuoga. Hajuewhe kopuwheHy matepujan
je oneka (rotoo 90%) 1 ynoTpebrbaga ce, Y 3aBUCHOCTH
0f} CTapoCTy, y pa3nnuntim Gopmatma 13paje, Kao 1
TexHVIKama rpagrbe. [ipyri Tmnosw matepujanmsaumje ce
jaB/bajy cnopadnuHo, Hajuelwhe y KaCcHUjUM UHTepBeH-
UMjama 1 Aorpaarbama Ha objekTrma.

MpadmkoH 4.A.5. 3aCTyn/beHOCT Npeq WKOJCKKX 3rpaja npema
maTepujany dacagHor 3uaa y neprogy npe 1945. roanne [%)]

0
35

11 45

The pitched roof was almost the exclusive type of
roof construction in all buildings built until 1945. As a
rule, it was a wooden construction clad in a variety of
roofing materials, usually metal sheets and clay tiles Ini-
tially, the attic space was not used for primary function,
although its recent activation has been noticeable, espe-
cially in buildings in urban areas.

Figure 4.A4. Distribution of preschool buildings in the period
before 1945 by roof type [%)]

. pasaH

flat

. KOC

pitched

KOMBMHOBaHO
combined

94,6

HernosHaro
N/A

The massive construction system was universal in
preschool facilities of the period. Clay brick, accounting
for more than 90% of the buildings, was the predomi-
nant material that may appear in different formats and
building techniques. Other materials are sporadic, usu-
ally belonging to later interventions and adaptations.

Figure 4.A.5. Distribution of preschool buildings in the period
before 1945 by facade wall material [%)]

oneka
brick

610K
block

6eToH
91,3 concrete

Apyro
other

Huje aeduHMcaHo
N/A
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Mpo30pCKN OTBOPU NPeAWKONCKYX 3rpaja ce pase
Kao nojeAnHayHw, Marbe YKyrnHe NoBPLIMHE Y OHOCY Ha
noBpLKHY dacaae. OpUriHanHM Npo3opu Cy APBEHW, NO
CTPYKTYPW jeHOCTPYKV W ABOCTPYKM Ca Pa3ABOjeHNM
KPMNMMA, 3aCTakIbeHW jeJHOCTPYKMM CTaKoM. 3a pa3nu-
Ky Of WIKOJCKMX 3rpaja, BeNvKM 6poj NpeALlKONCKMX yC-
TaHOBa OBOT Mepuofa Ce Hanasw y HeHameHCkM rpabe-
HUM, V1 KacHuje npunaroheHunm, 0bjekTrMa, Te Cy OTBOpH
Ha FbVIMa MPETEXHO MarbUX AMMEH3Vja. [JBOKPUIHN BY-
wenenH Npo3opK Ca MarbiM KPUIMMa Y TOpHOj 30HM
Cy Hajuewnn NojaBHW O6MMK.

MpadukoH 4.A.6. 3aCTyNbeHOCT NPeALLKONCKYX 3rpafa npema
TVINy NPO30PCKKX 0TBOPA Y Neproay npe 1945. roanHe [%]

MpefLWwKoncke ycTaHoBe Cy NPOTEKAVX roavHa bune
npeameT NapuyjanHux caHaumja v MHTepBeHUMja 3apaj
noborbliarba ycnosa KoMpopa KOpUCHMKa. JeaHa of np-
BMX NO3uLMja Ha KojuMa Cy paheHa yHanpehersa cy yn-
paBo OUIM MPO30PK, LITO je YCNOBMAO 3HATHY 3aCTymbe-
HocT PVC npo3opckux oKkBMpa.

lpadvikoH 4.A.7. MaTepujan npo3opa y neproay
[0 1945. rofvHe (3rpaga y y30pKy, BULLECTPYKM 1360p) [%]
5
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The windows in kindergarten buildings were real-
ized as single openings with a low window-to-wall ratio.
The original windows were wooden single- or double-
framed double sashes with single glazing. In contrast to
school buildings, a large number of preschool facilities of
the period are accommodated in re-purposed buildings,
mainly with window openings that are smaller in size.
The most common window type is the double-framed
multiple unit with a smaller sashes at the top.

Figure 4.A.6. Distribution of preschool buildings in the period
before 1945 by window-to-wall ratio [%]

suwe o 50%
higher then 50%

BuLe of 50% Tpake
higher then 50% ribbons

Marbe of 50%
lower then 50%

In the past years, preschool institutions have been
subject to partial rehabilitation and interventions aimed
at improving the user comfort. Windows have been one
of the starting points of such improvements, which re-
sulted in the significant representation of PVC window
frames.

Figure 4.A.7. Window materials in the period before 1945
(buildings in sample, multiple choice) [%]

P8O
wood

PVC
PVC

anyMUHMym
aluminium

KOMOMHOBaHO
combined
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[NocTojarbe TEPMOM30NaLMOHOr Coja y cacTaBy da-
CafiHOr 3MAa je, Takohe, BE3aHO 3a PEKOHCTPYKUMY K
caHauujy, a He 3a OpWrMHanHO CTake 3rpage. ObjekTn
NPeALKONCKMX YCTaHOBa Cy Ce KOHTUHYMPAaHO KOPUCTA-
SN BTV HN3 TOAMHA Kada CY M BPLLUEHE Pa3He MHTePBEeH-
Lnje — akTmBaLWja TaBaHCKKX W MOAPYMCKIMX MPOCTOpKja,
HEepPeTKO 1 Aorpaara, y Cknagdy ca Tagalltbym nponucn-
Ma, WTO je yCIOBUIIO NPUMEHY CaBpemMeHnx matepujana,
TO jeCT TepMOM30NaLUMOHNX CNojeBa. Kao 1 KO WKONCKMX
3rpaga, 1 oBAe Cy nojegnHe MehycnpatHe KOHCTPYKUMje,
Hajuewhe nNpema TaBaHCKMM ¥ NOAPYMCKMM MPOCTOPU-
Ma, peanvizoBaHe Kao ,KapaTaBaH', y3 ynoTpeby Tpcke 1
3emsbe Ca NMUbEeBUHOM, CNI0jeBa Koji nocedyjy npumeTHe
TEPMOV30MALMOHE KapaKTeprUCTmKe.

lpadvikoH 4.A.8. Tepmowzonalmja dacage Ha NPeAWKONCKIM
objekTrMa y nepunody Ao 1945. roaviHe [%)]

TepmoTexHUyKe NHCTanaymje

OnpemrbeHoCT 3rpafa NPefWwKONCKMX YyCTaHOBa 13-
rpahbenvx y nepuogy Ao 1945. rogrHe MHCTanaumjama
rpejarba, BeHTUNaunje, KnnumaTmsauuje 1 npunpeme not-
pOLUHe ToM/e BoAe NpwkasaHa je Ha Mpadukory 4.AM.1.

Y Hajsehem 6pojy 3rpafla NPeawKoNCKUX YCTaHOBa
(78%) nHCTanaumje rpejarba NOKPWBAjy LEMNOKYNHY Mo-
BPWWHY 3rpage. ViHCTanaumje BeHTMnaumje v Knvmatu-
3alyije OpUrMHANHO HUCY Bune MHCTanncaHe y objeKTn-
Ma n3rpahernm npe 1945. rognHe, anv Cy Npu KacHUjuM
PEKOHCTPYKLMjama, 3a PasnnKy Of LUKONCKUX 3rpafa rae
Ce rOTOBO yorwiTe He jaBrbajy, yrpaheHe y marbu 6poj

The existence of a thermal insulation layer in the fa-
cade wall is also the result of subsequent reconstruction
and rehabilitation interventions, and not the original
condition of the building. Preschool facilities have been
continuously used for a number of years, during which
various interventions have been undertaken, such as the
activation of the attic and basement spaces, or various
extensions. These were carried out in compliance with, at
the time contemporary regulations, resulting in the use
of modern materials or thermal insulation layers. Similar
to school buildings of the same period, there are particu-
lar floor constructions, most often to the attic and base-
ment areas, realized as "karatavan’, a type of earthen floor
in which the use of a mixture of straw and earth with
sawdust created a layer that has significant thermal insu-
lation properties.

Figure 4.A.8. Thermal insulation of the facade in preschool
buildings in the period before 1945 [%]

13
aa
yes

.He

no

87

HVAC and DHW systems

The distribution of the installations for heating, ven-
tilation, air conditioning (HVAC) and domestic hot water
(DHW) preparation in preschool facilities built in the pe-
riod until 1945 is shown in Figure 4. AM.1.

The majority of the facilities (78%) had heating sys-
tems that covered the whole area of the building. The
buildings from the period until 1945 were not original-
ly equipped with ventilation and air conditioning in-
stallations. These were added to a small number of the
facilities (14%) in subsequent refurbishments where-
as in school buildings, such installations are very few.

45



46

HaumoHanHa Tnonorvja 3rpafa npeaLwkonckux yctaHosa Cpbuje National Typology of Kindergartens in Serbia

objekaTa (14%). LleHTpanHa npunpema caHWTapHe Tore
Bofe (CTB) Huje KapakTepuCTMUHa 3a yCTaHOBE 13 OBOT
nepvofa rpaame, Beh ce, yrnaBHoMm, Npunpema nokanHo
y eneKkTpuYHUM bojnepurma.

lpadukoH 4.AM.1 3aCTyn/bEHOCT TEPMOTEXHNYKIX

nHcTanaumja n npunpeme CTB y 3rpaama npegwKoncKmx
yCTaHoBa y nepuogy Ao 1945. rognte [%]

| rpejare
heating
80
[ ] BEHTUNauUnja 70
ventilation 60
. 50
KnmmaTv3aumja
air conditioning 40
30
npunpema MTB 20
DHW 10
0

Y cknapy Ca CBe CTPOXWMM 3axTeBMMa 3a TePMUYKIM
KoMOPOM, MHCTanaumje 3a rpejarbe 3rpaga NPeALKon-
CKMX yCTaHOBa m3rpaheHnx npe 1945. roanHe yrnagHom
Cy NpeTpnene pekoHCTPYKLM]y pasnnmymtor obuma, Tako
[a Cy TPeHyTHe TEPMOTEXHUYKE MHCTanauuje suwe pe-
3yNTaT OBWIX WHTEPBEHLMjA, HEMO OPUTMHANHO CTarbe.
MocmaTtpajyh cTapocT cucTema 3a rpejarbe 3anaxa ce
[a je roToBo jeAHak yaeo O6poja TePMOTEXHUUKMX WH-
CTanauuja npema ycBojeHoj nepuoamsaumjn. (MpadukoH
4.AM.2)

lpadvikoH 4.A.M.2 CrapocT c1ucTema 3a rpejarbe y 3rpagama
NpeaWwKonCcKMX ycTaHosa y nepunogy Ao 1945. roguHe [%]

Centralized DHW preparation is not typical of the pre-
school facilities of the period but most buildings have lo-
cal electrical water heaters.

Figure 4. A.M.1 Distribution of HVAC and DHW systems
in preschool buildings built before 1945 [%]

1 uena3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matby Ao 3rpase
minor part of the building

4 He noctoju
do not exist

5 Huje geduHMUCcaHO
N/A

In accordance with the increasingly stringent re-
quirements for thermal comfort, the installations for
heating in the buildings of preschool institutions built
until 1945 have mostly undergone reconstructions of
varying scopes, so that the heating systems that are
currently in operation are the result of these interven-
tions rather than the original condition. With respect to
the age of the systems, it can be observed that different
types of heating installations have an almost equal share
across the adopted periodization (Figure 4.A.M.2).

Figure 4. A.M.2 Age of heating systems in preschool buildings
built before 1945 [%]

. no 10 roguHa
below 10 years
. 10-20 rognHa
10-20 years
20-30 roguHa
20-30 years

npeko 30 rognHa
over 30 years
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Hajuelwhe kopuwheHn cnctem rpejakba NPeLwKoNCKmx
3rpaja je UeHTpanHu ca ConcTBEHOM KOTAAPHULIOM M je
MOBEe3aH Ha CUCTEM [JafbMHCKOT rpejaba, AOK Ce Y MakblM
3rpafiama NPeTexHO KOPUCTM NOKANHO rpejarse. (Mpadu-
KoH 4.A.M.3). Kao eHepreHT ce HajBuLLIe KOPUCTE MPUPOA-
HW rac, enekTpunyHa eHepruja 1 ApBo. (MadrikoH 4.AM4)

MpadukoH 4.A.M.3 Cnuctemn rpejarba y 3rpasama
NPEeALWKONCKNX yCTaHOBa Yy nepuogy Ao 1945. rognHe [%]

LeHTPasHO 3a 3rpagy
centralized heating for building

[ uerTpanto 3a VHCTUTYLWjY
centralized heating for institution

apyro 53
other

MpadukoH 4.A.M.4 3aCTyn/bEHOCT OCHOBHOT eHepreHTa
3a rpejarbe y 3rpafamMa NPEeALIKONCKMX YCTaHOBa Y Nepuogy Ao
1945. rognHe [%)]

yramn 15

coal

3
Apyro

other
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CucTtem UeHTpanHor rpejarsa, 6e3 0b3mpa Ha To Aa
NN NOTUYE 13 COMCTBEHE KOTIapHMLE MW LAbUHCKOD
cncTeMa, NpeAcTassba TUM MPejarba KojUM Cy KOPUCHALN
Haj3aA0BOSBbHMIK, WTO je 1 oYekmBaHo byayhu aa je no-
Kp1BEHOCT ObjekTa NoTryHa. Takohe, nokanHo rpejarbe
NpeAcTaB/ba CUCTEM rpejarba KOjUM Cy KOPUCHUUW Haj-
Marbe 3a0BObHN. (TpadukoH 4.A.M.5)

{ N

The centralized heating system with its own boiler
on the premises and the district heating system were
the most common, while smaller facilities mostly used
local heating (Figure 4.A.M.3). Natural gas, electricity, and
wood were the most frequently used energy sources
(Figure 4AM.4).

Figure 4.A.M.3 Distribution of heating systems in preschool
buildings built before 1945 [%]

6/10KOBCKa KOTNapHMLa
centralized heating for city block

[ AawuHCKo rpejarbe
district heating

JIOKasHO
local heating

TOMNIOTHA Nymna
1 heat pump

Figure 4.A.M4 Distribution of main heating energy sources
in preschool buildings built before 1945 [%]

17 [pBO (OrpeBHo, ceuka, nenert)
wood (firewood, wood chips, pellet)

. enekTpuyHa eHeprija
electricity

NPUPOAHN rac
18 natural gas

[ TeYHa ropvisa (nox-yroe)
liquid fuel (heating oil)

Unsurprisingly, the users were most satisfied with
centralized heating either from their own boiler on the
premises or the district heating system, as heating from
a centralized system is distributed over the entire facil-
ity. Similarly, the users were least satisfied with the local
heating system (Figure 4.A.M.5).
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AHaNM30M OroBOPa KOPWCHMKA Ha MUTarbe O YCNo-
B/bEHOCTW KBanuTeTa rpejarba KopuWheHnm eHepreH-
TOM, 3aK/bydyje ce [a Cy KOPUCHWULM Haj3afoBOSbHMIM
Kaja Ce 3a rpejarbe KOPWUCTN MPUPOAHN rac, Kao eKo-
NOWKWM HajnpuxsaTbrBmje GOoCUIHO ropurBso. MNpuMeTHO
je v kopuhere enekTpUUHe eHepriija 3a rpejarbe obje-
KaTa, Mafla ce He MOXe Ca CUrypHOLWRy 3akmbyunTH fa
NV Ce paiM O NPUMAPHOM CUCTeMy rpejatba v nomoh-
HOM KOj1 Ce KOPUCTM 3a florpeBarbe. [lpBo, Kao eHepreHT,
A06UNO je BPNO BUCOKE, ann U Cpefre, OAHOCHO flolue
OLieHe, LUTO NOHajBKLLE 3aBUCH Of NMPUMEHEHOT CMCTEMa
rpejarba: UeHTPanHo nim nokanHo. (MpadrkoH 4.A.M.6)

lpadukoH 4.AM.5 Kopenauuja namehy cuctema rpejarba
1 OLleHe KOPUCHWMKA O KBANUTETY rpejakba Y 3rpajama
NPEeALLKONCKMNX YCTaHoBa Y nepuogy Ao 1945. rognHe

30

25

20

The analysis of the correlation between the main en-
ergy source and the user evaluation of the heating qual-
ity suggests that the users were most satisfied with nat-
ural gas as the most environmentally friendly fuel. The
use of electricity for heating was also noticeable, but it is
unclear if it was used as the primary or the auxiliary ener-
gy source of heating. The ratings for wood as the energy
source varied greatly, and strongly depended on wheth-
er the heating system was centralized or local (Figure
4.AM.6).

Figure 4. A.M.5 Correlation between the heating system and
the evaluation of quality of heating in preschool buildings
built before 1945
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district heating
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centralized heating for city block

LEHTPANIHO 33 UHCTUTYLWjy
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centralized heating for building

NIOKanHo
local heating

TOMNOTHa Nymna
heat pump
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MpadukoH 4.A.M.6 Kopenauwja n3mehy OCHOBHOI eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHMKa O KBAIMTeTy rpejarba Y 3rpafama
NPEALWKONCKNX yCTaHOBa y nepuody Ao 1945. rognHe

Figure 4.A.M.6 Correlation between the main energy source
for heating and the evaluation of heating quality in preschool
buildings built before 1945
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EnektpoeHepreTcke nHctanayuje

AHanv3om CTPyKType NOTPOLUHbE eNTeKTPUYHE eHep-
rvje y 3rpagama npeaLlKonCKmMx yCTaHoBa m3rpaheHnx
npe 1945. roanHe, Moxe Ce 3aK/byynTn a Ce enekTpuy-
Ha eHepruja yrnaBHOM KOPWCTU 3a OCBET/bEHEe MPOC-
TOpWja 1 Npunpemy CaHuTapHe Tomne Boae (Kog 78%
objekarta). 3a [obwjarbe TOMNOTHe eHeprije, enekTPUYHY
eHeprujy kopuct 14% objekata, oK je oko 18% objeka-
Ta y NOTNYHOCTW UnK Hajeehmm fenom KnMmaTn3oBaHo.

- electricity
| | Apyro

v o other

a8

=

partially satisfying

NenMM1YHO 3a0Bosbasajyhe

Electrical power and energy systems

The analysis of the structure of electric power con-
sumption in the buildings of preschool institutions built
until 1945 suggests that electricity was mainly used for
lighting and domestic hot water preparation (in 78%
of the facilities). The use of electric power for heating
and for air conditioning in the entire facility or its ma-
jor part accounted for 14% and 18% of the buildings,
respectively.
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lpadukoH 4.A.E.1 TUNOBM OCBET/bEHA 1 3aCTYM/BEHOCT Y
3rpajama npeaLKoncKIxX ycTaHoBsa 13rpaheHrm y nepurogy 4o
1945. rognHe

. LED

LED

[ wrenbnse cvjanmue
energy-efficient

CHjanuLe ca yxapeHoM HUTK
incadescent

bnyo Lesm
fluorescent

aKo ce, y M3BOPHOM 00Ky, Y 3rpafama npeaLlKon-
CKMX YCTaHOBa W3 OBOI Mepriofa KOPUCTUNO WHKafec-
LleHTHO ocBeTberbe, 13 MpadmkoHa 4.A.E.T ce moxe Buge-
TV [1a Ce y BENVIKOj MePU KOPUCTe 1 GNyo LieBW, KOje faHac
YMHE AOMMHAHTaH BW 13BOPa OCBET/bEHbA Y MPEeALLKON-
CKMM ObjeKTIMA.

MpoceyaH Opoj caTh pafia BELTaUYKOr OCBET/bEHA 3a-
BMCY Off TMMa NPefWKOSICKe YCTaHOBE 1 CMEHCKOT paga.
Ha lpadukoHy 4.AE.2. youaa ce aa Hajgehu 6poj 3rpasa
NPEeALIKONCKMX YCTaHOBa 13 OBOT Neprofa (33%) Kopuc-
TV BELUTAYKO OCBET/bEHE BULLIE Of 9 catv AHeBHO. Camo
7% NPeALIKONCKNX YCTaHOBa KOPWUCTY BELITAUKO OCBe-
T/berbe Marbe Of 3 caTa. Ha OCHOBY MPUKYMSbeHVX Nofa-
Taka MOXe Ce 3aK/byunTy Aa ce y NPOCEUYHOj NPeLLKo-
CKOJ YCTaHOBW, 13 Neprnoaa msrpaare npe 1945. roanxe,
BELLTAYKO OCBET/bEHE KOPUCTU /—7/,5 CaT Yy TOKY AaHa.

padukoH 4.A.E.2 Bpeme kopuiiherba BelITauKOr OCBET/beHba
y 3rpafama npeaLwKonCcK1x yCTaHoBa m3rpaheHnm y neprody
1o 1945. roguHe [%)

28

Figure 4.A.E.1 Distribution of types of lighting in preschool
buildings built before 1945

Lena 3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Marbu feo 3rpage
minor part of the building

4 He nocToju
do not exist

Although the preschool facilities from this period
originally used incandescent lighting, Figure 4.A.E.1 indi-
cates that fluorescent lamps have become predominant
in kindergartens.

The average number of working hours of artificial
lighting depends on the type of the preschool facili-
ty and the organization of the day shifts. Figure 4.AE.1
shows that most preschool facilities of the period (33%)
used artificial light for longer than 9 hours per day. On
the other hand, only 7% used it for less than 3 hours. It
can be concluded that in the average preschool building
built in the period until 1945, artificial lighting is used for
7-7.5 hours per day.

Figure 4.A.E.2 Working hours of artificial lighting in preschool
buildings built before 1945 [%]

7

. no 3 cata

up to 3 hours
. 3-6 catn
3-6 hours
6-9 catn
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AyTOMaTCKa KOHTPOIa OCBeT/betba je BeOMa peTKa Yy
3rpafama NpelkonckmMx yCtaHOBa 13 OBOT nepunoAa. Ha
KPOBOBMMa 3rpafa 13 OBOI Neproa Hema MHCTaMCa-
HWX d)OTOHaI'IOHCKI/IX cncTema.

MNepuopn 1946-1970. roanHe

MNepuon nocnepatHe 0bHoBe 1 y6pP3aHW pa3Boj rpa-
[0Ba [JOBOAM [0 MNaHCKe M3rpafre HOBKX objekaTa
NPefLWKONCKMX YCTaHOBa. PEKOHCTPYKLMja rpaficKuX Le-
NIVHA, NPOMEHa CTPYKTYpe CTAaHOBHWLLTBA, Kao W pac-
NONOXMBOCT NPOCTOPa NOTEHUVIPAjY VM3rpaby Marbhx,
[IOK Ce Y HOBOMMAHWPaHVM AenoBMMa rpafjoBa rpaae
cpeqtbe v NOHere BeviKe NPefWKoCcKe YCTaHoBe.

MpadukoH 4.5.1. 3acTyn/beHOCT NPEALWKONCKMX 3rpaja npema
BenuunHN y nepuofy 1946-1970. roanHe [%]

41
7,7

499

M3rpaatba BeNnx NpeaLlKkonckux 3rpaaa, Kapakre-
PYICTVYHa 3a 0Baj Nepuom, NpaheHa je 1 NPoOMeHOM CTe-
neHa KOMMakTHOCT dopme. byayhn aa cy foMUHaHTHe
3rpage ymepeHo Behvix NoBpLUViHa, MPOMEHa HUje 13pa-
31Ta, anu je jaCHO youwbMBa Texrba noseharba CTeneHa
paszyheHocTn. PasyheHn objektn ce H6orbe npunaroha-
Bajy HEOMXOOHOCTU M3[Bajatba MOjEAVHMX CTaPOCHMUX
rpynay 3acebHe LenvHe, opuyjeHTaumj1, anm 1 cTospe-
MEHO MOTY OArOBOPWTY Ha OrpaHnyeHba NoKauuje.

Automatic lighting control was very rare and there were
no photovoltaic systems installed on the roofs in the pre-
school facilities of this period.

Period 1946-1970

The period of post-war reconstruction and acceler-
ated development of cities led to the planned construc-
tion of new preschool facilities. The reconstruction of the
existing urban blocks, changes in the population struc-
ture and the availability of space prompted the con-
struction of smaller units, while medium-sized and, oc-
casionally, large preschool buildings were built in newly
developed parts of cities.

Figure 4.B.1. Distribution of preschool buildings in the period
1946-1970 by size [%]

Mane (go 500m?)
small (bellow 500 m?)

cpearbe (501-2000 m?)
medium (501-2000 m?)

384 Benvike (npeko 2000 m?)

large (more than 2000 m?)

HerosHato
N/A

The increase in size of preschool facilities character-
istic of the period was accompanied by the change in
the degree of compactness of form. Considering the fact
that the majority of buildings were of moderately large
size, the change was not explicit but the trend towards
an increased complexity of the layout was conspicuous.
The advantages of more complex forms were that such
facilities were better suited to the need to separate par-
ticular age groups, their orientation was more favorable,
and they could better respond to site restrictions.



TpadukoH 4.5.2. 3aCTyn/beHOCT NPeaLWKONCKYIX 3rpaja npema
KOMMaKTHOCTH Y nepurogy 1946-1970. roguHe [%)]

Mpema KpuTepujyMy CrpaTHOCTI NMPU3eMHU 06jeKTK
Cy Haj3acTyn/beHujyi TUN NPefWwKoNCKMX 3rpafa. Mako
je, y oBoM nepuoay, aowno fo noseharba NOBPLWNHE 1
6poja 3rpama, Npupoga 0bpasoBHOr Npoleca 1 paja ca
Manom feliom GaBopwM3yjy 3rpafe Marbe CnpaTHoCTH. Y
rpafcKMmM CpearHama, MoroToso Kof Behvix objekata, yo-
UaBa Ce M CNpaTHOCT Off TPW HaA3eMHe eTaxe, NpPBeH-
CTBEHO Kao NOC/ieamLa Makblx MPOCTOPHMIX KanauuTeTa
noKaumje v noTpebe 3a pasfBajakbem PasnnUnTVX CTapo-
CHWX rpyna aeue.

TpadukoH 4.5.3. 3aCTyn/beHOCT NPeaLWKONCKYIX 3rpaja npema

cnpatHocTn y nepuogy 1946-1970. roanHe [%]
11
12,2

289

KpoBOBM NpeflKOnCKMx 3rpafda, nepvopa 1946-
1960. roanHe, JOMUHAHTHO CY KOCW, Y3 MOjaBy PaBHWIX 1
KOMOVHOBaHVX KpPOBOBa Ha BehrM 0bjeKTrma, Hapouu-
TO y ypbaHum cpefnHama. Mare pasyheHn objekTn ce
eKOHOMUYHMje ,MOKPUBajy KOCKM KPOBOBKMA, WTO Y3

52
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Figure 4.B.2. Distribution of preschool buildings in the period
1946-1970 by floor plan compactness [%]

[1] KomnakTHe
compact

[ AenvMAdHO pasyheHe
partially complex

51,1 pasyheHe

complex

HenosHato
N/A

The one-story building was the most prevalent type
with regard to the number of floors. Although this period
was characterized by an increase in the number of build-
ings and their floor area, the nature of the educational
process and the work with small children favor the build-
ings with fewer floors. In urban areas, especially large
buildings may have had three levels above the ground,
primarily because of site capacity restrictions and the
need to separate different age groups.

Figure 4.B.3. Distribution of preschool buildings in the period
1946-1970 by the number of floors [%]

. n

GF
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N/A
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GF+1
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Most roofs of kindergarten buildings in the period
1946-1970 were pitched, while the occurrence of flat
and combined roofs on larger buildings, especially in ur-
ban areas, was noticeable. It was more economical to
cover a compact structure with a pitched roof, and this
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Mafy CnpaTHOCT npeacTtasiba npeosnahyjyhn tpena. C
003VpPOM Ha CTapoCT 3rpaja OBOr Nepvoaa 1 penatue-
HO cnabo oaprkasarbe, y3 ynotpeby matepujana cnabujer
KBanvTeTa (MO JaHalWHUM CTaHAAPAVMA), BENVIKMA OpOj
objekaTta je NOABPrHYT CaHaUMj1M PaBHOM KPOBa, Y3 13-
rpaAy KOCKX KPOBHWX KOHCTPYKUMja, WTO OnpaBraBa
nobujeHe pesyntate.

MpadmkoH 4.5.4. 3aCTyn/beHOCT NpeaLKONCKMX 3rpaja npema
Tviny KpoBa y nepunogy 1946-1970. rogrHe [%]

89

Mo CBOM KOHCTPYKTVBHOM CKIOMY, MPEeALIKONCKe
3rpage ce, yrnaBHOM, rpaje Kao MacvBHe 3uaHe KOH-
CTPYyKUMje y3 ynoTpeby oneke v, KacHuje, 6nokosa. Npu-
MeHa apmupaHor OeToHa je ycned MarbMx rabaputa
3rpaga, YrnaBHoM, CropagmnyHa 1 youasa ce Ha perpe-
3EHTATVIBHU]UM 3rpafiama rpafckux cpeayvHa.

MpadukoH 4.5.5. 3acTynrbeHocT 6poja NpeaLIKONCKKX 3rpada

npema matepujany dacagHor 3uaa 'y neproay
1946-1970.rogunHe (%)

156

trend, together with a small number of floors, prevailed.
The distribution results can also be explained by the fact
that, owing to the age and relatively low maintenance of
the buildings of this period, and fact that the materials
used were of lower quality according to current stand-
ards a large number of flat roofs were reconstructed and
replaced with pitched constructions.

Figure 4.B.4. Distribution of preschool buildings in the period
1946-1970 by roof type [%)]
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778
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The construction systems of the preschool facilities
were mostly massive masonry constructions in clay brick
first, and hollow clay blocks later. Owing to the small
size of the buildings, the use of reinforced concrete was
mostly sporadic and occurred usually on representative
buildings in urban areas.

Figure 4.B.5. Distribution of preschool buildings in the period
1946-1970 by facade wall material [%]
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BenuunHa 3rpada NpedwKkonCckmMx yCTaHOBa U HbXOo-
Ba OpraHm3alnoHa CTPYKTYypa ﬂpeﬂCTaBJ’bajy TN Mate-
PWjanHO-OBMMKOBHINX KapaKTepUCTMKA KOjU Cce He pa3-
J'Il/leje MYyHO O OHOTI U3 NPETXOAHOr neprnoaa. Y NMnTakby
CYy MaCMBHE 3rpafe Ca NnyHrm d)aCaﬂHl/lM NNaTHKMa, 6e3
nnactmke n cCa I'IOje/J,l/lHaQHVIM MPO30PCKMM  OTBOPU-
Ma, MakbWX MK Cpearbux AnumMeH3uja. Koa sehwx 3rpaaa
je, Hapo4nTo Yy |'|O3Hl/ljel\/l Aeny OBOr nepunofa, NprmeT-
Ha npomeHa 0bn1KoBHe HOOKTPUHE, Te Ce nocTeneHo ja—
B/bajy Behr Mpo30pcKmn OTBOPM (MOHEerae Yy B1ay Tpaka)
KOMOVHOBaHW Ca CKeNeTHOM KOHCTPYKLMjomM. MaTepuja-
m/|3auv1ja d)acaume CerMeHaTta pealn3oBaHa y pasnnyu-
TVM AebsbrHama 3rpagama Aaje AMHaAMUYHUU U ,MOaep-
HUju" n3rnen.
lpadukoH 4.5.6. 3aCTynsbeHOCT NPeAWKONCKMX 3rpaja npema
TVMY NPO30PCKIMX OTBOPa Y nepunony 1946-1970. roauHe [%]

YouaBa ce faa je 3a nepvof 1946-1970. roanHe ApBO
N farbe AOMUHAHTHW maTepujan 3a m3pagy npo3opa,
Kaja je y nuTarby OPWUIMHANHO MPOJEKTOBAHO CTakbe.
Mpumerbyjy ce Hajuelhe ABOCTPYKM NPO30pK (LWMpoKa
1 yCKa KyTWja) UK CaBpeMeHNjn ,KpUIo Ha Kpuno” Yno-
Tpeba MeTanHMx Npo30pa je pe3epericaHa 3a nomohHe 1
eBEeHTYaNHO XOfHWUKe npoctopuje. [0ToBO CBK 0bjeKTK
OBOr Neprofa Ce, U fa/be, KOPUCTE Y HeMPOMEHEHOM
0OUMY 1 HaMeHW, Y3 NPUMETHE MHTEPBEHLM]e Y BUAY 3a-
MeHe NPOo30Pa, Tako fja Cy, NpemMa TPeHYTHOM CTarby, PVC
NPO30PCKe KOHCTPYKLMje Haj3acTyrnibeHuje.
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The size and organizational structure of kindergar-
ten buildings required the design and material charac-
teristics that were similar to those of the previous peri-
od. These are massive buildings with full, undecorated
facade layouts and with single window openings of
small or medium dimensions. In larger buildings, espe-
cially in the later part of the period, there was a notice-
able change in the design doctrine in terms of a gradual
introduction of larger window openings (sometimes in
the form of ribbons) combined with the skeletal con-
struction. By varying thickness and materials used for
the facade segments, buildings were given a more dy-
namic, modern look.

Figure 4.B.6. Distribution of preschool buildings in the period
1946-1970 by window-to-wall ratio [%]

suwe oa 50%
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42,2
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In the period 1946-1970, wood was still used as
the predominant window material in the original de-
sign. The most commonly used windows were dou-
ble-framed (in a wide and narrow box), or more con-
temporary types with connected double sashes. Metal
windows were mostly used in auxiliary spaces and hall-
ways. The operational scope and purpose of almost all
buildings of this period have remained unchanged but
there have been noticeable interventions in the form of
window replacement so that at present, PVC window
frames are the most frequent.
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MpadukoH 4.5.7. MaTepujan npo3opa NPeALKONCK1X 3rpaga
y nepwviody 1946-1970. roavHe (3rpafa y y30pKy, BULIECTPYKM
1360p) [%]

7

C 0631pomM Ha To da Cy MPBY TEPMUYKKM MPOMMCH
[OHeTV TeK Mpej Kpaj MoCMaTpaHor Neproaa, MoXemo
pehun pa je youeHa nojaBa TePMOM30NaLUMOHOr Croja Y
cacTaBy dacafHvx 3v[oBa BuWle MocieaMua npoueca
PEKOHCTPYKLMje (CaHaumje) Hero OpUrMHaNHOr CTakba.
Byayhw fa je Benvkm 6poj objekaTa oBor nepuoa npeTp-
neo v Aorpafre y KaCHWUjUM neprogrma, nojasa TepMmo-
n3onauuje ce sesyje 1 3a ose [esose 3rpaga.

MpadukoH 4.6.8. Tepmomizonauwja dpacage y nepunomy
1946-1970. ronuHe [%)]

TepmoTexHUYKe NHCTanaymje

Onpem/beHoCT MHCTanauvjama rpejarba, BEHTMIa-
unje, Knumatmsaumje 1 npunpeme noTpoLLHe Tonmne Bogde
y 3rpafiama npeaLKonCKyX YCTaHOoBa v3rpaheHum y ne-
progy 1946-1970. roanHe je Beoma CiyHa NPeTxoaHOM
nepuomy M BUABUBO Ha MpaduikoHy 4.5.M.1.

Hajsehwn 6poj 3rpasa (92%) onpemrbeH je vHCTana-
Uunjama rpejarba Koje NOKPKMBajy LIeNOKYMHY MOBPLUMHY.

Figure 4.B.7. Window materials in preschool buildings in the
period 1946-1970 (buildings in sample, multiple choice) [%]
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Since the first thermal regulations were introduced
no sooner than at the end of the period, it is suggest-
ed that the share of the thermal insulation in the facade
walls is a consequence of the subsequent reconstruction
(rehabilitation) procedures rather than the original con-
dition. Another reason for the occurrence of thermal in-
sulation in the buildings of the period can be due to sub-
sequent extensions.

Figure 4.B.8. Thermal insulation for the period 1946-1970 [%]
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HVAC and DHW systems

Heating, ventilation, air conditioning and domestic
hot water preparation systems in preschool facilities built
in the period 1946-1970 are similar to those of the previ-
ous period (Figure 4.B.M.1).

Most buildings (92%) had heating systems cover-
ing the whole building area. The preschool facilities of
the period also had no ventilation and air conditioning
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/1 33 NpefLKOCKe YCTaHOBE 13 OBOI NEPUOAa KapakTe-
PUCTUYHO je Aia, OPUTMHAIHO, He NMOoCeayjy MHCTanauuje
BeHTUNaUvje v knvmatnsaumje. Ose cucteme nocegyje
penaTueHO Manu 6poj 3rpafa 1 TO 3001 pekoHCTPYKLUVje
TEPMOTEXHNYKMX WMHCTanaumja. LleHTpanHa npunpema
caHuTapHe Tonne Bofe ([TTB) je marbe 3acTynsbeHa, Te
ce ny BpTMhKMa 13 OBOT MepUoza yriaBHOM NpUMetsyjy
NOKaHO VHCTaNMCcaHu eneKkTpnyHm 6ojnepu.

lpadvkoH 4.6.M.1 3aCTyn/beHOCT TEPMOTEXHUUKIX

nHcTanaumja n npunpeme MTB y 3rpagama NpepwKoncKkmx
yCTaHoBa n3rpaheHnm y neprogy 1946-1970. roavHe

rpejarbe
heating 100
90
. BeHTUNauvja 80
ventilation 70
60
Knumatusaymja 50
air conditioning 40
30
npvnpema MTB 20
DHW 10
0

Y BpTvhnma msrpaheHnm y HasefieHoM nepuody 50%
cUcTeMa rpejarba je ctapo suile of 30 roamHa, Wwro ynyhyje
Ha 3aKkSbyyak Aa je y npoteknmnx 20 roguHa n3BpLIeH pena-
TMBHO Manu 6pOj PEKOHCTPYKLMja TEPMOTEXHWUUKIX NH-
CTanauuja, kao 1 aa BehvHa cuctema, No Npasuay, paan C
penaTvBHO Manum cTeneHoM nckopuiiherba roprga.

lpadukoH 4.6.M.2 CrapocT cucTema 3a rpejarbe y 3rpafjama
NPeALIKONCKNX YCTaHoBa 13 neprofda 1946-1970. roanHe [%]

48

systems installed originally. These systems occurred in
a relatively small number of buildings and were the re-
sult of subsequent replacements of the installations. The
systems for centralized DHW preparation were rare, and
most preschool facilities of the period used local electri-
cal water heaters.

Figure 4.B.M.1 Distribution of HVAC and DHW systems in
preschool buildings built in the period 1946-1970

Lena 3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 MatbM A€o 3rpage
minor part of the building

4 He nocToju
do not exist

5 Huje geduHMCcaHO
N/A

5
Almost 50% of the heating systems in the preschool

facilities of the period are over 30 years old, which sug-

gests that there have been relatively few replacements

of HVAC installations in the past 20 years, and that most

of the systems work with low efficiency.

Figure 4.B.M.2 Age of heating systems in preschool buildings in
the period 1946-1970 [%)]

I no 10 rognHa

below 10 years

10-20 rogmHa
10-20 years

20-30 roguHa
20-30 years

. npeko 30 rognHa
over 30 years
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HajzacTynibeHujn cuctem rpejarba 3rpafa npeau-
KONCKMX yCcTaHoBa m3rpaheHux y nepuogy 1946-1970.
roAVHe je LeHTpanHu (Ca CONCTBEHOM KOTIIaPHMULIOM WK
NOBE3aH Ha CUCTEM [a/bMHCKOT rpejarba) a 3aThM CUCTeM
NOKanHor rpejarba. (MpadukoH 4.6.M.3)

[JOMVHaHTHM eHepreHT je TeYHO ropmBO (NOXK-YIbe),
NOTOM MPUPOLHM Tac W, Ca rOTOBO jefjHakoM 3acTyrnsbe-
HowWRy, enekTpuyHa eHepruja 1 ApBO. Y CUCTEMMMA LieH-
TPaHOr rpejarba HajBuLLe Ce KOpUCTe MPUPOAHN rac U
TEYHO FOPWBO, a Yy CUCTEMMUMA JIOKaHOT rpejarba APBO,
JoK je ynoTpeba enekTpuyHe eHepruje yrnaBHoM Aeo
nomohHor cuctema. (MpadukoH 4.6.M.4)

MpadukoH 4.6.M.3 Cnctemn rpejarba y 3rpafama NpeaLKonckmx
yCTaHoBa M3rpaheHnm y nepuogy 1946-1970. roavHe [%]

LleHTpanHo 3a 3rpagy
centralized heating for building

LieHTPpanHo 3a MHCTUTYLWjy
centralized heating for institution

Aapyro 47
other

MpadukoH 4.6.M.4 3acTynsbeHOCT OCHOBHOI eHepreHTa 3a
rpejarbe y 3rpajiama NpeawKoCcKyX yCTaHoBa 3rpaheHrv y
nepwvogy 1946-1970. roguHe [%]

15

yrasmb
coal

Apyro
other

3310BO/bCTBO KOPUCHWKA MHCTANIMCAHMM CUCTEMOM
rpejarba je HajuspaxeHuje Kada je y nurarby LeHTpanHo

The systems most often installed in the preschool fa-
cilities built in the period 1946-1970 were the central-
ized heating system with its own boiler on the premises
and the connection to the district heating system, fol-
lowed by the local heating system (Figure 4.B.M.3).

The most common energy source was liquid fuel
(heating oil) followed by natural gas, while electricity and
wood were almost equally represented. Most centralized
heating systems used natural gas and liquid fuel, while
local heating was mainly wood-fired and electricity was
used as an auxiliary source (Figure 4.B.M.4).

Figure 4.8B.M.3 Distribution of heating systems in preschool
buildings built in the period 1946-1970 [%]

[ | 610KOBCKa KOTNapHULia
centralized heating for city block

[ ABUHCKO rpejatbe
district heating
NOKanHo

local heating

TONNOTHA Nymna
heat pump

20

Figure 4.B.M 4 Distribution of heating energy sources
in preschool buildings built in the period 1946-1970 [%]

10
[1PBO (OrpeBHo, Cceuka, nenet)

wood (firewood, wood chips, pellet)
[ enexTpuina erepryja
electricity
NPUPOAHN rac
natural gas

TeyHa ropyiga (nox-yre)
liquid fuel (heating oil)

27 u

The greatest user satisfaction with the heating quali-
ty was found in the centralized heating system with their
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rpejarbe (6110 fa noTnye 13 CONCTBeHe KOTIaPHHULIE M
13 CUCTeMa AarbUHCKOT rpejarba). VIHTepecaHTHO je aa cy
3anoc/eHn y MakbM BpTURMA BPAO 33/0BOSbHM TOKas-
HVM c1MCTeMOoM rpejarba. (MpadukoH 4.5.M.5)

Byayhu fia je oleHy KBanwTeTa rpejarba oapehnsao u
€HepreHT Koju Ce KOPUCTK, 3aK/by4YeHo je la Cy KOPUCHN-
LV Haj3310BO/BbHUjW MPUPOAHMM FacoM, anu Cy, Takohe,
B1COKO OLEHWNN 1 CUCTEME KOjW KOPUCTE TeYHa ropuBa,
KOja Cy Ca eKOJOLLIKOr acnekTa Beoma ow m3bop. Mpu-
MeHa OBOT FOpMBa je UCTOBPEMEHO OleHbeHa 1 HajBu-
LWOM U HajHWKOM oLieHoM. (TpadwmkoH 4.5.M.6)

lpadukoH 4.6.M.5 Kopenaunja nsmehy cuctema rpejarba
1 OLieHe KOPUCHWMKa O KBANUTETY rpejatba Y 3rpafama
NPeaWwKONCKMX yCTaHoBa 13 nepunopa 1946-1970. rognHe

own boiler on the premises, or connected to the district
heating. Interestingly, the employees from smaller facil-
ities were quite satisfied with the local heating system
(Figure 4.B.M.5).

The correlation between the main energy source
and the evaluation of the heating quality showed that
the users were most satisfied with natural gas but liquid
fuel heating systems also had high ratings despite its be-
ing a poor environmental choice. This energy source was
rated both very high and very low by the users, which
may have depended on whether the heating system in
the facility was local or centralized (Figure 4.B.M.6).

Figure 4.6.M.5 Correlation between the heating system and
the evaluation of quality of heating in preschool buildings
built in the period 1946-1970

[a/bUHCKO rpejarbe
district heating

6/10KOBCKa KOTNapH1LUa
centralized heating for city block

LIEHTPAIHO 3a MHCTUTYLWjY
centralized heating for institution

LIEeHTParHO 3a 3rpagy
centralized heating for building

NOKaNnHo
local heating

TOMMOTHA Mymra
heat pump

Apyro
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MpadukoH 4.6.M.6 Kopenauwja namehy oCHOBHOT eHepreHTa 3a
rpejarbe 1 OLeHe KOPUCHKKa O KBANUTETY rpejarba y 3rpajama
NPeaLKONCKNX yCTaHOBa 13 nepuoga 1946-1970. roanHe

35

30 [
25
20 -
15

5 I

Figure 4B.M.6 Correlation between the main energy source
for heating and the evaluation of heating quality in preschool
buildings built in the period 1946-1970

Of/INYHO
perfect
nobpo
good
satisfying

3a0Bosbasajyhe

EnektpoeHepretcke UHCTanaymje

AHanv3om CTPyKType NOTPOLUHbE eNTeKTPUYHE eHep-
rvje 3rpafa NPeaLWKoACKMX YCTaHoBa U3rpaherunx y ne-
prody of 1946-1970. roguHe, MOXe Ce 3ak/byyuTy Aa
ce HajBehn Aeo enekTpuuHe eHepruje KOpUCTK 3a OC-
BeT/bErbe MPOCTOPMja 1 NPUMPeMy CaHUTapHe Tonne
Boae (kon 80% objekaTa). 3a gobujarbe TONNOTHE eHep-
rvje eneKkTpuuHy eHeprijy Kopuct 10% objekata, fok
je oko 13% objekaTa y NOTNyHOCTM Unn Hajsehrm fenom
KIMIMaTW30BaHO.

NenMM1YHO 3a0Bosbasajyhe

partially satisfying

noue

bad

NPUPOAHN rac
natural gas

Apso
wood

yrar
coal

TeyHa ropvisa
liquid fuel

eNeKTpuyHa eHeprija
electricity

apyro
other

Electrical power and energy systems

The analysis suggested that lighting and domestic
hot water preparation accounted for the largest share
of electric power consumption in the preschool facilities
built in the period 1946-1970 (in 80% of the facilities).
Electricity was used for heating in 10% of the facilities,
while approximately 13% of the facilities were complete-
ly or almost completely air-conditioned.
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lpadukor 4.6.E.1 Tnoswm oceeT/berba M HxoBa 3acTyrmbeHocT  Figure 4.B.E.1 Distribution of types of lighting in preschool
(Nnpema 6pojy 3rpafa y y30pKy) 3a 3rpafe NpeaLKONCKMX buildings built in the period 1946-1970
ycCTaHoBa u3rpaheHnx y nepuogy 1945-1970. rognHe.

[ | LED

LED

Lena 3rpaga
whole building

. WTeA/bMBe Crjanmue
energy-efficient

2 Hajsehu geo 3rpage
major part of the building

CujanuLe ca yXapeHom HUTK 3 MatbM A€o 3rpage

incadescent minor part of the building
bnyo uesm 4 He nocTtoju
fluorescent do not exist

Mako ce y 13BOpHOM 0BAVMKY Yy 3rpafjama npeaLKon- As in the previous period, the preschool facilities

CKMX YCTaHOBa 13 OBOT NMEPNOAA, Kao 1 NPETXOAHON, KO- built in 1945-1970 originally used incandescent lighting,

PUCTUNO MHKaAeCUEeHTHO ocBeTrberbe, padurkoH 4.6.E.1  but fluorescent lamps presently prevailed, as it can be

nokasyje Aa Cy flaHac y Ben1Koj Mepu y ynotpebu v dny-  seen from Figure 4.BE.1.

OPEeCLEHTHE LieBM KOje YMHE AOMMHAHTHU BWUA M3BOPa The average number of working hours of artificial

OCBET/bEHA. lighting is shown in Figure 4BE2. In most preschool
MpoceyaH 6poj caTh pafa BewTaukor ocBeTberba y  buildings of this category (37%), artificial lighting was

3rpagama NpeaLIKoNCKnX yCTaHoBa m3 oBor nepvopaje  used for 6-9 hours daily, and only 4% of the buildings

npvkasaH Ha padukoHy 4.6.E.2. Bewrauko ocsetwerbe  used it for less than 3 hours. The average facility of this

ce y Hajsehem 6pojy 3rpaga (37%) kopwctn 6-9 catn  period used artificial lighting for 7-7.5 hours daily.

AHEBHO, [IOK je KoA cBera 4% 3rpafa y ynotpebun marbe

o[ 3 caTta. Y NpoCeyHoj NPeALLIKONCKO] YCTaHOBM BeLUTay-

KO OCBET/beHbE Ce KOPUCTK 7-7,5 caTh y TOKY AaHa.

lpadukoH 4.6.E.2. Bpeme kopuwherba BELUTAUKOr OCBET/berba Figure 4.B.E.2. Working hours of artificial lighting in preschool
y 3rpafiama npepwKonCcKMX yCTaHoBa U3rpaheHnm y nepuomy buildings built in the period 1946-1970 [%]

1946-1970. rogunHe [%)] 4

. no 3 cata
up to 3 hours

. 3-6 cam
3-6 hours

6-9 catn
6-9 hours

. npeko 9 catn
over 9 hours

37
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AyTOMaTCKa KOHTPO1a OCBEeT/betba je BeOMa peTKka
Y 3rpafdaMa NpefuwKonCcknx yCtaHoBa OBOr nepmroia. Ha
KPOBOBMMa 3rpafja HemMa MHCTaMCaHX d)OTOHaI‘IOH-
CKMX cncrema.

Nepuon 1971-1990. roanHe

VIHTeH3MBHa ypbaHu3aLmja Ha UenoKymnHoj Teputo-
pujn Penybnuke Cpbuje, y3 n3rpaarby NoTrnyHO HOBUMX
[enoBa rpafiosa y cucTemy OTBOPeHMX GIIOKOBa, YCI0-
BWNa je U U3rpaatby BeNMKOr Opoja objekata npeaLKor-
CKIX yCTaHOBa. [0TOBO CBaka HOBOGOPMYPaHa NpocTop-
Ha LenvHa je cafpana y CBOM CKIOMy ¥ NpefwKoacKy
yCTaHOBY HaMerbeHy NOKaHOj nomynauwmjn. Y oBoMm ne-
pviofy je n3rpaheH Hajsehu 6poj NpeALIKONCKIX 3rpaaa,
BYILLIE HETO Yy CBMM OCTanMM Nepuoanma 3ajesHo.

CuctemaTmsaumja TMNa 3rpazge npema BenuUuHM je
noKasana fia Cy Haj3acTyr/beHWjyi Tako3BaHW Cpefrby
o6jekTu, TO jecT 3rpage 500-2000 m?.

MpadukoH 4.L1.1. 3acTynbeHoCT NpeaWwKoNcKmX 3rpasa
nepuopaa 1971-1990. ronnHe npema BenunumHu [%)]

6,7

BnoKoBCKa M3rpaaa, Mo NpYHLKNY OTBOPEHe Ma-
Tpuue, omoryhuna je sBehe noBpwKHe NapLena 3a objek-
Te NPeALKONCKMX YCTaHOBA, TaKO [ja CE Y HIXOB CTeneH
KOMMaKTHOCTN CMatbyje. CamMo Cy Matbh 00jeKTW peani-
30BaHW Kao KOMMaKTHY, JOK Ce Cpefrbe 1 BennKe 3rpa-
A€ rpajie Kao AeNMMUYHO Vv 13pasnto pasyhere. Buium
couujanHu CTaHaapA ApyLTea je omoryhrio 1 pa3eoj Teo-
puja 1 cricTema 00pasoBarba Koju Cy pe3ynTvipani UcTpa-
KVBakbeM 1 peanv3aumjom pasnnumnTX Mofena npoc-
TopHe opraHwuzauuje. C TVM y BE3W je 1 BUWW CTeneH

In kindergarten buildings of the period, automatic
lighting control was very rare. There were no photovol-
taic systems installed on the roofs of the buildings.

Period 1971-1990

Intensive urban growth in the entire territory of the
Republic of Serbia was characterized by creating com-
pletely new parts of the cities by building open blocks,
which resulted in the construction of a vast number of
preschool facilities. Almost every newly built area had a
preschool facility designed to serve the local population.
The largest share of the total number of preschool build-
ings was built during this period, almost as many as in all
other periods combined.

With respect to the type of the building, medium-
sized structures of the floor area of 500-2000m? prevailed.

Figure 4.C.1. Distribution of preschool buildings in the period
1971-1990 by size [%]

20 marne (o 500m?)
small (bellow 500 m?)

. cpeatve (501-2000 m?)

medium (501-2000 m?)

Benvike (npeko 2000 m?)
large (more than 2000 m?)

HernosHaTo
N/A
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The development of city blocks according to the
principle of the open matrix provided larger building lots
on which to build preschool facilities, resulting in the de-
crease in the degree of compactness of the floor plans.
Only small structures remained compact while the medi-
um and large buildings were designed as partially or dis-
tinctly complex. A higher degree of complexity can also
be related to other aspects, such as the development of
educational theories and systems in which various mod-
els and spatial organizations were explored, along with



pa3zyheHocTu: Behe 3rpage ce NPojeKTyjy ca OOUMHMM
nporpaMmnma Koju ocum WTo pacropehyjy aeuy npema
y3pacTy (jacneHw, BpTURKYM 1 NPEALLKONCKN HUBO) YKIby-
uyjy ¥ CropTcke, BULIEHAMEHCKe cane, ANCTpUOYT1BHE
KyxuHbe 1Tz,

padwikoH 4.L1.2. 3acTynsbeHOCT NPeALLKONCKIX 3rpasa
nepvioga 1971-1990. roanHe npema KoMnakTHOCTW [%)]

429

MNocmaTpajyhn npema Kputepujymy CnpaTHOCT, Mpu-
3eMHe 1 jeiHOCnpaTHe 3rpade Cy U farbe AOMUHAHTHM TU-
NOBW NPEALIKONCKMX YCTaHOBA, WTO je BULLE Y CKady Ca
TMNOM 06Pa30BHOr Mofena, MPOrPaMCKOM KOHLEMLMJOM,
CTBapHUM noTpebama felle v Huje YCNOB/bEHO Bennyn-
HOM 3rpage. Marbe 3rpage cy npeosnahyjyhe nprsemHe,
[OK Ce OCTae rpafie Kao CnpaTHe 1, BeOMa PETKO, 4BOCH-
paTHe. Ha cnparty je Hajuelwhe npeasvheH cmellTaj jacne-
He rpyne, OAHOCHO Kof Behux 3rpafa v npepLKkoncke
rpyne, Kao 1 ynpasa 1 CBeyaHe cane.

lpadukoH 4.L1.3. 3acTynmeHoCT NpeaLKONCKyX 3rpaga
nepviofa 1971-1990. roavHe npema cnpaTtHoCT [%)]

23 27

Kao 1y paHnjum nepuoarma, 1 3a 3rpane musrpahe-
He 1971-1990. moxemo pehu fAa WX AOMMHAHTHO
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the increase in the social standard of living. Buildings of
larger size were designed to provide for extensive pro-
grams besides separation of children according to age
(nursery, kindergarten and preschool levels), such as
multipurpose sports halls or centralized kitchens.

Figure 4.C.2. Distribution of preschool buildings in the period
1971-1990 by floor plan compactness [%]

KOMMaKTHe
compact

[ nenviMAdHO pasyheHe
partially complex

[ pasyheHe

complex

HEeMo3HaTo
N/A

224

One- and two-story buildings were still the predomi-
nant types of preschool facilities in terms of the num-
ber of floors. This was more due to the requirements of
the educational model, program conception and real
needs of children, than to the size of the building. Most
small buildings had only the ground floor, while the oth-
ers had additional one or, very rarely, two floors. The first
floor was usually occupied by nursery groups and in larg-
er buildings by preschool groups, administration offices
or the assembly halls.

Figure 4.C.3. Distribution of preschool buildings in the period
1971-1990 by the number of floors [%}

. il Heno3HaTo
GF N/A

. M+1

GF+1

. M+2

GF+2

. M+3

GF+3

As in the previous periods, the pitched roof was the
prevalent construction type, while flat and combined
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KapaKTepuLy KOCe KpOBHe KOHCTPYKLUWje. 3rpafe paBHYX
1 KOMOVHOBaHWX KPOBOBa Ce rpafe yrfnasHom y sehum
ypbaHM cpearHama. EKCnpecrBHOCT apXUTEKTOHCKOT
13Pa3a, y3 CTUNCKY PasHONMKOCT, AJOHOCK PAa3HOBPCHOCT
MojaBHMX OOMMKa Npema BONYMETPUJCKMM W MaTepujan-
HUM KapaKTepmucT1Kama, Ma KOHCTaTyjemMo fa Cy Y OBOM
nepuofdy HacCTanm Heku off Hajbosbux mpumepa apxu-
TEKTOHCKMX OCTBapeHba 3rpafa NpeAWwKoICKNX yCTaHoBa
Y HaLOj rpafnTesbCKoj MPakcu.

MpadukoH 4.L1.4. 3acTynbeHoCT NpefWwKoncKyx 3rpaja
nepwuopa 1971-1990. roanHe npema T1ny Kposa [%]

14,6

Mogencka pasHOBPCHOCT 3rpafa ce, y Marboj Mepu,
orneaa y KOHCTPYKUMU ¥ MaTepujanmsaunjv dacagHmix
31[0Ba, e v flarbe JOMUHMPa yrnoTpeba oneke Kao oc-
HOBHOTI IPaAMBHOr efnemeHTa. NpumMeTHa je 1 ynoTpeba
ruTep 610Ka, a Yy Marboj Mepu 1 apmupaHor 6etoHa. Oa-
cafiHa nnaTHa Cy, y OBOM nepuogy, Hajuyelhe peann3osa-
Ha Y KOMOVIHaUW}W Pa3nnumnTX MaTepujana, a npumMeHa
bacaaHe oneke (FMHEHe 1 CUAMKATHE) je BeEOMa YecTa.

MpadukoH 4.L1.5. 3acTyn/beHoCT NpeALIKONCKUX 3rpaja
nepuopa 1971-1990. rognHe npema matepwjany gpacagHor

3uaa [%] o

4,6

20,1

roofs occurred mainly in larger urban areas. The empha-
sized architectural expression and stylistic diversity led
to the design of a wide range of forms varying in both
volume and material characteristics. It can be said that
some of the best examples of architectural realizations of
preschool facilities in our construction practice were cre-
ated during this period.

Figure 4.C4. Distribution of preschool buildings in the period
1971-1990 by roof type [%)]

11,9
[ pasan
flat

. KOC

pitched

[ KOMBMHOBaHO
combined

HEeMo3HaTo
N/A

708

To an extent, the diversity of building models was
also reflected in the construction and materialization of
the facade walls. Although clay brick was still the main
construction material, the use of the hollow clay block
and, to a less extent, reinforced concrete was also no-
ticeable. In this period, the facade walls were most often
realized in a combination of different materials, and the
use of facade brick (clay and silicate) was prominent.

Figure 4.C.5. Distribution of preschool buildings in the period
1971-1990 by facade wall material [%]

. oneka

brick

HEMo3HaTo
N/A

610K
block

[ |
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Pa3Boj Mogena obpasoBakba ¥ Nobosbllake yco-
Ba koMdopa y NPeALKONCKMM 0bjeKTMa Cy MPUMETHM
N NPUAVIKOM aHanm3e Npo30pCKMX OTBOPA KOjW 3ay3u-
Majy suwe of 50% dacagHWX NOBPWMHA, @ HEPETKO ce
jaBmbajy 1y Bu1ay, 3a To 1063, KAPAKTEPUCTUUYHNUX MPO30P-
CKMX Tpaka. MojeanHauHy oTBopun Ha dacagHOM nnaTHY
Cy YrNaBHOM YeCTU KOA Marbiix objeKkaTa.

lpadukoH 4.L1.6. 3acTynmbeHocT 6poja npeawKoncKmx 3rpasa
nepvofa 1971-1990. roanHe npema Ty NPO30PCKMX
oTBopa [%]

219

19,6

AHanunupajyhu matepmnjanusaumjy npo3opa Moxemo
KOHCTaTOBaTL fAa je ¥ OHa, Y CKNafy Ca Pa3Bojem Mofena
3rpafa, BeoMa pa3HoBpPCHa. [lpBeHr Npo3opn Cy v farbe
Haj3acTynsbeHnjy, anu Cy cae Yelm 1 anyMUHUJyMCKN,
OAHOCHO MeTanHu. Vako je PVC Haj3acTynbeHmnjn Ma-
Tepujan 13page NpPO30PCKUX OKBMUPA Y aHanv3MpaHoM
Y30PKY, HMje KapaKTepUCTUYaH 3a OPUIMHANIHO CTarbe
Beh je yrpaheH npunvkom caHauuja 1 06HOBa 3rpafa.

MpadwkoH 4.L1.7. MaTepujan npo3opa NpefwKonckyx 3rpaja
3a nepwviog 1971-1990. roanHe (3rpaga y y30pKy, BULIECTPYKN
11360p) 16
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The development of educational models and the im-
provement in comfort conditions in preschool facilities
is also noticeable in the analysis of the window-to-wall
ratio, which grew to more than 50% of the facade area.
While ribbon windows, which were characteristic of the
period, occurred quite often, single openings on the fa-
cade appeared mainly in small buildings.

Figure 4.C.6. Distribution of preschool buildings in the period
1971-1990 by window-to-wall ratio [%)]

Buwe o 50%
higher then 50%

Buwe of 50% Tpake
higher then 50% ribbons

Marbe of 50%
lower then 50%

The analysis of window materials suggests that they
were as varied as the building models. Wooden win-
dows continued to be predominant, with the occur-
rence of aluminium or other metal units. PVC window
frames, although with the highest share in the total dis-
tribution, were not characteristic of the period but were
installed during subsequent rehabilitation or renovation
interventions.

Figure 4.C.7. Window materials in preschool buildings in the
period 1971-1990 (buildings in sample, multiple choice)

Apso
wood

PVC
PVC

anyM1UHNjym
aluminium

KOMOMHOBaHO
combined
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MpBK 036UIBHUjW TEPMUYKIL NponucK y Penybnuum
Cpbuju natvpajy 13 1970. roaunHe, a y 3HaTtHo Behem obu-
My ce cpehy of 1980.roamHe. To 61 3Haumno ga sehnHa
objekaTa peanv3oBaHVx y OBOM Neprioay Mva TepMoun3o-
NaUMOHM CNoj y cacTaBy dacaaHor 31aa. AHanmsmpajyhu
[OCTYNHe nofaTke BMAVMO [a je yrnoTpeba Tepmonsona-
umje 1 fasbe penatueHoO Mana (MpubnnxHo 25%), wto ce
MOXe 00jaCHUTU MPUAKYHO LyroM NpoueaypoM M3pa-
[le NPOjeKTHe JOKYMeHTauumje 1 camnx 3rpafa, kao v Of-
CYCTBOM TEXHMYKE KOHTPOME MM NPUMEHEe Mponuca.

MpadukoH 4.L1.8. Tepmonzonaumja Gacaze npeauKoncKkmx
3rpafa 3a nepviog 1971.-1990. roavHe [%)]

TepmoTexHU4YKe NHCTanaymje

Onpem/beHoCT 3rpafa NPefwKoNCKMX YyCTaHOBa 13-
rpabenvx y nepuogy 1971-1990. rogunHe MHCTanaumjama
rpejarba, BeHTUNaunje, KnnumaTumsauuje 1 npunpeme not-
pOLHe TorJie Bofe Ce He Pasnnkyje O TeHAeHLWja yoye-
HVX y npeTxoaHnM neproanma. (MpadnkoH 4.LLM.1).

BehuHa 3rpaga (98%) je onpemsbeHa MHCTanauvjama
rpejarba Koje 3arpeBajy Leny 3rpady v reeH Hajgehu
neo. Vako sehuHa BpTvha Hema MHCTanauvje BeHTuNa-
umje v KnMmaTmn3aumje, youasa ce yelwha yrpagrea LeH-
TPanHKX CMCTeMa BeHTUNaUmje 1 KnnMatmnsaupje 3a ueny
3rpagy, WTO CBaKako AOMPUHOCK Nobosbluakby TepMmny-
Kor koMdopa KOPUCHWKA. V1 LieHTpanHa npunpema caHu-
TapHe Tonne Boge (MTB) ce cBe BuLLe NpuMetbyje, anv je
jow yBek AOMUHaHTHa ynoTpeba enekTpryHmx 6ojnepa.

The first more detailed thermal regulations in the Re-
public of Serbia were introduced in 1970, followed by a
significantly more comprehensive set in 1980. This could
suggest that most of the structures built in this period
had a thermal insulation layer in the facade wall. Howev-
er, the analysis of the available data showed that the use
of thermal insulation in the preschool facilities in this pe-
riod was still relatively small (approximately 25%), which
can be explained by the relatively long procedures of
preparing design documentation and of construction
itself, or by non-compliance and the lack of adequate
technical control.

Figure 4.C.8. Facade thermal insulation in preschool buildings
in the period 1971-1990 [%]]

na
yes

.He

no

24,2

HVAC and DHW systems

The installed heating, ventilation, air conditioning
(HVAC) and domestic hot water (DHW) preparation sys-
tems in the preschool facilities built in the period 1971—
1990 followed the trends similar to those found in the
previous periods (Figure 4.CM.1).

Most facilities (98%) were equipped with heating sys-
tems that covered the whole building area or its major
part. Although most preschool buildings did not have
centralized ventilation and air conditioning systems in-
stalled, there was a rising trend of installing centralized
systems for the entire facility, which certainly contribut-
ed to better user comfort. Similarly, the use of the sys-
tems for centralized DHW preparation was growing but
local electrical water heaters still prevailed.
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lpadukoH 4.L1.M.1 3acTyn/beHoCT TePMOTEXHUYKIX
MHCTanauvja n npunpeme 1By 3rpagama npeawKonckmx
ycTaHoBa n3rpahernm y neprogy 1971-1990. rogvne

. rpejarbe
heating 90
80
[ ] BeHTUNaUnja 70
ventilation 60
KnMmaTmnsaumja 30
air conditioning 40
30
npunpema T8 20
DHW 10
0

Bule of NonoBrHe MHCTaNMCaHWX CUCTeMa rpejarba
y BpTMAKMa 13 0BOT Neprofa, CTapo je npeko 30 rognHa.
To yKasyje la ofi M3rpafitbe HUCY BpLIEHe OUTHE MHTEpP-
BEHLWjE, TO JeCT CUCTEMM pajie Ca PEeNaTUBHO Manm CTe-
neHom nckopuwherba eHepreHara.

lpadukoH 4.L1.M.2. CrapocT crcTema 3a rpejarbe y 3rpagama
NpeaWwKonCck1X ycTaHosa 13 nepunopa 1971-1990. rogne [%]

[lomMrHaHTHY cucTem rpejarba y nepriogy 1971-1990.
je LUeHTpanHM (ca CONCTBEHOM KOTIAPHMULIOM U 13 CUCTe-
Ma Ja/bUHCKOT rpejarba). CrcTem NoKanHor rpejarba npu-
Mehbyje ce y MarbVM 3rpafiama W 3acTyn/beHOCT je 3HaTHO
peha Hero y npetxoaHom nepuogy. (MpadukoH 4.LL.M.3).

MpnpoaHn rac je Hajuewhe KopuwheHy eHep-
reHT, @ roToBO WAEHTMYHA je W ynoTpeba TeuHWx ro-
puBa (Nox-ysbe), WTO Ce objalirbaBa BeNUKMM Bpojem

N

Figure 4.C.M.1 Distribution of HYAC and DHW systems in
preschool buildingss built in the period 1971-1990

Lena 3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matby Aeo 3rpage
minor part of the building

4 He nocToju
do not exist

5 Huje geduHMcaHo
N/A

Over a half of the heating systems installed in the
preschool facilities of the period were more than 30 years
old, which indicates that there were no significant inter-
ventions undertaken to improve their low efficiency.

Figure 4.C.M.2. Age of heating systems in preschool buildings
built in the period 1971-1990 [%]

17 B

no 10 rognHa
below 10 years

10-20 roamHa
10-20 years

20-30 rogmHa
20-30 years

npeko 30 rognHa
over 30 years

The heating systems in the period 1971-1990 were
predominantly centralized, either with its own boiler on
the premises or connected to the district heating sys-
tem. Local systems were used in small buildings only and
their distribution was remarkably lower than in the previ-
ous period (Figure 4.C.M.3).

Natural gas was mostly used heating energy source,
with almost the same share as liquid fuels (heating oil),
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WHOVBMAYANHMX CMCTEMA LIeHTPAIHON rpejarba. 3a pas-
JINKY Of LUKONICKIX 3rpafja OBOr Nepunoaa, rae je ApBo Haj-
vewhe KopUWREHN eHepreHT, y NPeALWKONCKAM yCTaHO-
Bama je 3acTyrbeH ceera 12% mn Kopuctu ce y NOKanHnm
cUcTeMmMMA rpejarba KOA Marbix objekata. Y cuctemmma
LEHTPaNHOr rpejarba Cy Haj3acTyn/beHujn eHepreHTu
NPUPOAHN rac 1 TeuHa ropwea. (MpadurkoH 4.L1.M.4)

MpadukoH 4.L1.M.3 Cuctemn rpejarba y 3rpafama
npefwKoNCcKMX ycTaHosa 13 nepuroaa 1971-1990. rogmnHe [%]
1

LeHTPasHO 3a 3rpamy
centralized heating for building

LIeHTPASHO 3a MHCTUTYLM]Y
centralized heating for institution

apyro
other

57

MpadukoH 4.L1.M.4 3acTynrbeHoCcT OCHOBHOT eHepreHTa 3a
rpejare y Wkonama nepvoga 1971-1990. roavHe [%]

yras
coal

Aapyro
other

27

KOPUCHWLW Cy ¥ HajBULIOM, ann ¥ HajHUXOM oLle-
HOM NPOCYAMIIN O LIEHTPANHOM rpejatby, 6110 fa noTuue
13 COMCTBEHE KOTNAPHMLIE UK M3 CUCTEMA AarbUHCKOT
rpejarba. lNojaBa je BEpPOBATHO Yy3pOKOBaHa HEOAroBa-
pajyim CTeneHoMm JfloKanHe KOHTPOse UCropydeHe
TOMNOTHE eHepruje, TO jecT HUBOOM OfipXKaBarba CUCTe-
Ma [1,2]. (MpadukoH 4.L1.M.5)

2

1

which can be explained by a large number of individu-
al centralized heating systems. In contrast to the school
buildings of the same period, which showed a predomi-
nant use of wood-fired heating systems, only 12% of the
preschool facilities used wood in the local systems of
small buildings. The most used energy sources are natu-
ral gas and liquid fuel (Figure 4.C.M.4).

Figure 4.C.M.3 Distribution of heating systems in preschool
buildings built in the period 1971-1990 [%)]

[ ] 6110KOBCKa KOTMapHu1Ua

30 i ) .
centralized heating for city block
. [albUHCKO rpejarbe
district heating

NoKanHo
local heating

TONNOTHA Nymna
heat pump

Figure 4.C.M4 Distribution of heating energy sources in
schools built in the period 1971-1990 [%]

12

[1PBO (OrpeBHO, ceuka, nenet)
wood (firewood, wood chips, pellet)

[}

eneKkTpyYHa eHepritja
electricity

NPYPOAHY rac
natural gas

TeuHa ropuea (Nox-ysoe)

33 liquid fuel (heating oil)

Centralized heating systems (either with its own boil-
er on the premises or connected to the district heating)
were rated both very high and very low. This was prob-
ably due to the lack of local control of the heating supply
and low maintenance [1,2] (Figure 4.C.M.5).
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AHanumavpajyhm ycnoBfbeHOCT KBanuTeTa rpejatba
Kopulherbem oarosapajyher eHepreHTa, youasa ce fa
CY KOPWUCHMUM Haj3a[l0BOBHUjM ynoTpebom npupoa-
Hor raca. [lpBHa Maca Kao eHepreHT je Takohe NoBosb-
HO ollerbeHa, IoK je ynoTpeba TeYHOr ropmnea Hajnowuje
ouerbeHa. (MpadukoH 4.L|.M.6)

lpadukoH 4.L1.M.5 Kopenauuja n3mehy cuctema rpejarba
1 OLieHe KOPUCHWMKa O KBANUTETY rpejatba Y 3rpajama
NPeAWwKoNCKMX ycTaHosa 13 nepuoaa 1971-1990. rognHe

The correlation between the main energy source
and the evaluation of the heating quality showed that
the users were most satisfied with natural gas. Wood-
fired heating systems also had high ratings while liquid

fuel was rated mostly unsatisfactory (Figure 4.C.M.6).

Figure 4.C.M.5 Correlation between the heating system and
the evaluation of quality of heating in preschool buildings

built in the period 1971-1990
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MpadukoH 4.L.M.6 Kopenauwja namehy oCHOBHOr eHepreHTa
3a rpejarbe 1 oLleHe KOPUCHMKA O KBaIMTeTy rpejarba
Yy 3rpafiama NpepfLWwKonCKyX yCTaHoBa 13 Neproaa

1971-1990. rogunHe .
80

9
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30

o
T T T

20

Figure 4.CM.6 Correlation between the main energy source
for heating and the evaluation of heating quality in preschool
buildings built in the period 1971-1990
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EnekTpoeHepreTcke UHCTanauuje

AHanM3oMm CTPyKType MOTPOWbE enekTpuyHe
eHepruje y 3rpagamva nNpepLwKonckux yCcTaHoBa W3-
rpabeHum y nepuogy 1971-1990. roanHe moxe ce
3aK/byUnTV Aa ce HajBehn feo enekTpuyHe eHep-
TMje KOpUCTK 3a OCBET/bEHE MPOCTOPMja U Npunpe-
My CaHUTapHe Tonne Bofe (kog 80% objekata). 3a Ao-
Oujarbe TOMMOTHE eHepruje eneKkTpUUHy eHeprujy
KopucTy cBera 5% objekarta, oK je oko 16% objekaTta
y NOTNYHOCTW 1N HajsehM Aenom KNMmaT3oBaHo.

other

partially satisfying
nowe
bad

NenMM1YHO 3a0Bosbasajyhe

Electrical power and energy systems

The analysis suggested that lighting and domestic
hot water preparation accounted for the largest share
of electric power consumption in the preschool facili-
ties built in the period 1971-1990 (in 80% of the build-
ings). Electricity was used for heating in as few as 5% of
the buildings, while approximately 16% of the buildings
were completely or almost completely air-conditioned.
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lpadukoH 4.LL.E.T TunoBm ocBeT/bera 1 3aCTynbeHOCT
y 3rpaflama npepLwKonCcKyX yCTaHoBa U3rpaheHmnx
y nepuopy 1971-1990. rognHe

. LED

LED

[ wrenbnse cvjanmue
energy-efficient

CHjanuLe ca yxapeHoM HUTK
incadescent

bnyo Lesm
fluorescent

3rpaje NpefWKoNCKnX ycTaHoBa 13rpahere y nepu-
ofy 1971-1990. roaunHe, y Hajsehoj mepu, kopucTe Gyo
LIEBV KO M3BOP BELUTAUYKOr OCBET/bEHbA. Y BENVMKOM OPOjY
3rpaja je 1 fare y ynotpedu MHKaeCLeHTO OCBET/berbe,
[OK Cy Wwreg/bmee cnjanuue v LED pacseta 3actyrnbeHe
OrpaHuyYeHo 1 CBefleHe Ha Makbe AenoBe objekTa.

MpoceuaH 6poj caTi pafa BeWTauykor OCBeT/behba 3a-
BMCW Of] TMMa NPefWKOSICKe YCTaHOBE M CMEHCKOT paja.
Ha lpadukoHy 4.L1.E.2. youasa ce aa Hajsehwu 6poj npeaLu-
KOMCKMX yCTaHOBa (35%) BelwTauko OCBET/beHe KOPUCTH
3-6 catv aHeBHo. Ca apyre cTpaHe, camo 9% yCTaHOBa KO-
PUCTV BEWTAUKO OCBET/bEHE Matbe Of 3 caTa. Ha ocHoBy
MPUIKYM/bEHNX MOAATaka MOXKeE Ce 3aK/by4nTy Aa ce y Npo-
CeyHoj NPefLKONCKOj YCTaHOBM 13 HaBeAeHOr neprofa
BELTaYKO OCBETIbEHE KOPUCTM 6,5—7 CaTh IHEBHO.

lpadukoH 4.L1.E.2. Bpeme Kopuwhetrba BelWTaukor OCBeT/berba
y NPeALKONCKAM yCTaHOBaMa v3rpaherum y nepuogy 1971-
1990. roanHe [%]

30

Figure 4.C.E.1 Distribution of types of lighting in preschool
buildings built in the period 1971-1990

1 uenasrpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Marbu feo 3rpage
minor part of the building

4 He nocToju
do not exist

The preschool facilities built in the period 1971-1990
mostly used fluorescent tubes for artificial lighting. In ad-
dition, incandescent lighting was also commonly used
while energy-efficient and LED lighting was rare and lim-
ited to only minor parts of the building (Figure 4.C.E.1).

The average number of working hours of artificial
lighting depended on the type of preschool facility and
the shift schedule. Figure 4.C.E.2 shows that in most pre-
schools of the period (35%) artificial lighting was used for
3-6 hours daily. On the other hand, only 9% of the facili-
ties used artificial lighting for less than 3 hours. It can be
concluded that in the average preschool facility in the
period 1971-1990, artificial lighting was used for 6.5-7
hours per day.

Figure 4.C.E.2. Working hours of artificial lighting in preschools
built in the period 1971-1990 [%]

9 no 3 cata

up to 3 hours

. 3-6 cam
3-6 hours

6-9 catn

6-9 hours
35
npeko 9 catn
over 9 hours
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AyTOMaTCKa KOHTPO/1a OCBeT/betba Ce BeOMa PEeTKO
cpehe Yy NpeAwkonckmMm yCtaHoOBamMa 13 OBOI Nepunoaa.
DOTOHAMOHCKM CUCTEM, MHCTaNMCcaHe CHare 2,8 kWp , Ha-
a3y Ceé Ha KPOBY jeAHe NpeflwKoCKe yCTaHOBE.

MNepuopn nocne 1991. roguHe

MpomeHa ApyWwTBEHOT Ypeherba, Kao 1 BENMKe MUr-
paumje CTaHOBHMLWTBA HacTane Kao mocneavua pacna-
na COP Jyrocnasuje, obenexune cy neprog nocne 1991.
roavHe. KpeTarbe CTaHOBHMLITBA je BUNO ycMepeHo Ha
ypbaHe cpearHe, Yelwhe rbrxoBy nepudepnjy. Ha osum
npocTopMMa ce rpaje MnaHCKa, anv 1 HemjaHcka Ha-
cerba PenaTvBHO Make rycTuHe, WTO 3a pe3ynTaT 1ma
n3rpadhy Behux 3rpaga NpPeAlKoNCKux yCTaHoBa a Y
cknagy ca bpojem fele Ha ofpeheHoj Teputopujn. [o-
MWHaHTaH TWM, 1 Jarbe, NPeAcTaBbajy Cpeare 3rpaje
(500-2.000 m?). NHTepecaHTHO je Aa w3rpafra Benw-
Kvx objekaTa NpeBaswnasyn nrpafy Marbhx, WTo je Ta-
Kohe nocneamua MexaH14Kor NpuanMea CTaHOBHULTBA Y
rpajcke cpednHe. Y 0BOM Mepuomdy je 13BplieHa 1 pe-
KOHCTpYyKUWja Beher 6poja objekaTta, Hajuewhe 6e3 OuT-
Hujer yHanpehera TePMUYKMX KapaKTepuCTMKa, OCUM
Ha NO3ULMjI NPO30PCKKMX OTBOPA.

MpadukoH 4.1.1. 3acTyn/beHOCT NPEAWKONCKIX 3rpaaa
nepviofa nocne 1991. rogrHe npema sBenuunHm [%)
6,2

284

l/larpamba HOBMWX 3rpafda NpenKONICKNX yCTaHOBa Ca
acrekTa pa3y]:)8HOCTl/I r|0|<a3yje TPpeHA NpoMeHe NpUCTy-
Ma N MOHOBO Ce& KaOo NOMWHAHTHU jaBn:ajy KOMMaKTHN

In preschool facilities of the period, automatic light-
ing control was very rare. Also, there was a 2.8 kW pho-
tovoltaic system installed on the roof of one preschool
building.

Period after 1991

Although this period was characterized by a signifi-
cant socio-political change and large migrations of the
population resulting from the disintegration of the SFR
Yugoslavia, these transitions did not substantially af-
fect either the size or the structure of preschool facilities.
The predominant type was still a medium-sized build-
ing (500-2000 m?). The population migrations were fo-
cused on urban, or rather suburban, environments. This
was where planned and unplanned settlements of rela-
tively low density were developed, and the average size
of preschool buildings was relative to the number of chil-
drenin a given territory. Interestingly, large buildings out-
numbered small ones in the newly built facilities, which
was another consequence of the mechanical influx of the
population to the urban environment. During this period,
a large number of facilities were renovated, most often
without a significant improvement to the thermal char-
acteristics except in the position of window openings.

Figure 4.D.1. Distribution of preschool buildings in the period
after 1991 by size (%]

mMane (go 500m?)
small (bellow 500 m?)

194

cpeatbe (501-2000 m?)
medium (501-2000 m?)

Benuke (npeko 2000 m?)
large (more than 2000 m?)

Heno3HaTo
N/A

With regard to the complexity of the floor plan,
there was a change in the trend and the compact struc-
ture again became the predominant type. The model
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objekTn. Mogenckmn pasBoj 3rpada ce He MpakTuKyje,
Beh ce npuMetbyjy penaTviBHO jeJHOCTaBHWja peLlerba
CBefeHOr apXUTEKTOHCKOT je3nka. [1ojaBa cumnandurka-
Lmje 13pasa je TOAMKO YecTa fla ce nocMaTparbemM dopme
objeKTa 1 He MOXe 3aK/byUnTH O KakBOj Ce HaMeH) paan.

lpadukoH 4.[.2. 3aCTynsbeHOCT NPeALWKONCKMX 3rpaja
nepviofa nocne 1991. roarHe npema KOMMakTHOCTL [%)]

O6jekTn Koju ce rpage y OBOM Mepvoay Cy [OMM-
HaHTHO KOMMOHOBaHW Ha Ase eTaxe ([1+1) wWTo oarosa-
pa PasfBOojeHOCTM CTaPOCHMX Pyna, rae Ce jacneHe rpy-
ne yrnaBHOM louMpajy Ha NpBoM cnpaTy. Marsun 06jexT
ce v farbe, y Hajgehoj Mepn, peanusyjy Kao nprsemHiy,
[OK je NojaBa BULWEETaKHMX 3rpaja Be3aHa 3a yCTaHOBe
BehvX NOBPLUMHA Y rpafCKUM CPeaVHama.

lpadukoH 4.[.3. 3aCTynsbeHOCT NPeAWKONCKMX 3rpaja
nepwviofa nocne 1991. rogrHe npema cnpaTHOCTL [%)]

31 3
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approach to building development was abandoned; in-
stead, the relatively simple solutions of a reduced archi-
tectural expression were applied. The phenomenon of
simplifying the expression was so frequent that the in-
tended purpose of a building could not be discerned by
simply observing its form.

Figure 4.D.2. Distribution of preschool buildings in the period
after 1991 by floor plan compactness [%]

KOMMaKTHe
compact

[ AemmiHo pa3ybeHe
partially complex

53,1 pazyheHe

complex

HEeMno3HaTo
N/A

The buildings of the period were mostly realized
in two levels (GF+1), which suited the purpose of sep-
arating age groups, with the nursery group mostly oc-
cupying the upper floor. Small buildings continued to
be mainly one-story structures while multi-story build-
ings with a large floor area were usually built in urban
environments.

Figure 4.D.3. Distribution of preschool buildings in the period
after 1991 by the number of floors [%]
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Kocn KpoB je 1 Aarbe HajAOMUHAHTHUW TUM KPOBHE
KOHCTPYKLWje v 3aCTynsbeH je Ha BehnHu 3rpaga 6e3 ob-
31pa Ha FbKXoBY BennunHy. Kog Behvix 1 BENMKIX yCTaHO-
Ba Ce youaBajy 1 [JefloBM Ca PaBHVIM KPOBOBMMA (KOMOW-
HOBaHW), ann y Makb0j MEPW HErO Y MPETXOAHOM Neproay
1y CKNagy je C NpoMeHOM akTyenHe napaavrve rpaherba.
Koa KybuuHmMx 3rpafa, M3rneaomM Kao fa Cy peanvsoBaHe
Ca paBHVM KPOBOBMMAa, Hajuellhe ce npuMetbyjy KpoBHe
KOHCTPYKLWje bnarux Harvba cakpuseHe 13a Hasnaaka.

MpadukoH 4.[.4. 3acTyn/beHOCT NPEALKONCKUX 3rpaja
nepuofa nocne 199. roanHe npema T1ny Kposa [%]

1,6

Ca acnekTa matepujanmsauje KOHCTPYKTUBHUX 34-
[OBa youaBaMO MpeTexHy YnoTpeby MacKBHUX KOH-
CTPYKUMja, Y3 Kopuiherse GAOKOBa PasnnuUmUTX Gop-
MaTa Kao OCHOBHOT MaTepujana 3a 3uaarbe. Oneka ce 1
Jarbe KOpWCTY, Y BENUKOj Mepw, Hajuelhe koA 3rpaja
MarbMX MOBPLUMHA.

MpadukoH 4.[1.5. 3aCTyn/beHOCT NpeAWKONCKYX 3rpaja
nepuropa nocne 1991. roauHe npema matepwjany dacagHor

3uaa [%] 04

31

The pitched roof remained the predominant type of
roof construction with a large distribution across build-
ings of all sizes. In large and large-to-medium buildings,
parts of the roof construction could be flat (combined)
but with a noticeably smaller share than in the previous
period, which corresponded to the shift in the contem-
porary approach to construction. In prismatic structures
with seemingly flat roofs, shallow sloped roof construc-
tions were usually hidden behind the parapets.

Figure 4.D4. Distribution of preschool buildings in the period

after 1991 by roof type [%]
4,7

[ pasaH
flat

KoC
pitched

KOMOMHOBaHO
combined

Herno3HaTo

859 N/A

With regard to the load-bearing system, massive
constructions prevailed, with the use of hollow blocks of
various formats as the main building material. Brick was
also widely used, mostly in buildings of smaller sizes.

Figure 4.D.5. Distribution of preschool buildings in the period
after 1991 by facade wall material [%)]

oneka
brick

29,7 610K
block

6€eTOoH
concrete

|
[
] Apyro

other
Huje fedunHmcaHo
N/A

42,2
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AHaNM30M NPOLEHTYaIHe 3aCTy/beHOCTU NPO30pP-
CKMX OTBOpPA Y OKBMPY dacafHOr nnaTHa MOXeMO KOH-
CTaTOBATU [1a je NPOMEHa JOMVHAHTHOT apXUTEKTOHCKON
13pasa yCnoBuna v NpomMeHy TpeTMaHa dacagHor nnat-
Ha. /1 paroe npeosnahyje ynotpeba BENMKIMX MPO30PCKIX
OTBOPa, Mafla He Tako YNaA/bMBO Kao Y MPETXOAHOM Mne-
puogy. NprmeHa NPO30PCKMX TPaKa Ce MOMAKo HanyLuTa,
a MOHOBO Ce ynoTpebrbaBajy MojearHauHM MPO30PCKN
OTBOPW KOju UnHe Marbe of 50% noBpuwmHe dacage.

lpadukoH 4.[0.6. 3aCTynsbeHOCT NPeAWKONCKMX 3rpaja
nepuroga nocne 1991. roguHe npema T1ny Npo30PCKINX
otBopa [%]

Y nepuoay nocne 1991. rogmne ynotpeba PVC npo-
30pckurx Npoduna npeosnahyje, y3 cnopaguuHy nprime-
HY APBEHNX 1 anyMUHWMCKIX Npo3opa. [loyeTak nepw-
ofla je obenexeH pPasHOBPCHWjOM MaTepujanm3aLmjom
NPO30PCKNX OTBOPA, A0K Ce Yy NOCNefrbe BPeMe UCKIby-
ymBo Kopucte PVC npodunu, Kako Ha Marbim, Tako v Ha
Behnm pacagHVm NoBpLUKHaMa.

lpadukoH 4.[0.7. MaTtepujan npo3opa NpeaLwKoncK1x 3rpaja
3a nepwviog nocne 1991. roanHe (3rpaga y y30pKy, BULIECTPYKM

1360p) 5 1
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The analysis of the window-to-wall ratio indicated
that the shift in the prevailing architectural expression
was also reflected on the treatment of the facade. The
share of large window openings remained high but not
as predominant as in the previous period. The use of rib-
bon windows was gradually abandoned with the reap-
pearance of single openings accounting for less than
50% of the facade area.

Figure 4.D.6. Distribution of preschool buildings in the period
after 1991 by window-to-wall ratio [%)]

Buwe o 50%
higher then 50%

Buwe of 50% Tpake
higher then 50% ribbons

54,7 Marbe of 50%

lower then 50%

In the period after 1991, the use of PVC window
frames was a prevailing trend with the sporadic applica-
tion of wooden and aluminum windows. While the be-
ginning of the period was characterized by a more di-
verse materialization of window openings, recently, PVC
profiles have been used almost exclusively regardless of
the area of the facade.

Figure 4.D.7. Window materials in preschool buildings in the
period after 1991 (buildings in sample, multiple choice)
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3rpaje NpefWwKOCKMX YCTaHOBA Y KapakTeprncTUYHMM neprioanma rpagre Kindergartens in Characteristic Periods of Construction

TypbyneHTHO CTarbe Ha rpabeBMHCKOM TPXULUTY,
Koje KapaKkTepulle HefoCTaTak KOHTPOSE 1 KasHeHe no-
NUTUKE, YCNOBWUMO je CKPOMHY yroTpeby Tepmonsona-
LIMOHMX MaTepujana y cacTaBy GpacafHux 3MaoBa — cBera
42%. Kao 1 y ciyyajy WKONCKMX 3rpaja, v oBAe je vec-
Ta rojaBa PEKOHCTPYKLMja Marbkx objekaTa peann3osa-
Ha Yy OPUIMHANHOM KOHCTPYKTMBHOM CKJIOMY, Y3 Heomn-
XO[JHa KOHCTPYKTMBHA M TEXHUYKO-TEXHOMOLWKA, ann He
M TepMUUKa yHanpeherba, ocvm Ha no3numjn dacagHe
cTonapuje.

MpadukoH 4.[.8. 3aCTyn/beHOCT TePMOM30NALMOHOT Cloja y
OKBMPY hacafH1X 310Ba NPEALIKONCKMX objeKaTa 3a nepuog
nocne 1991. roanxe [%]

TepmoTexHUYKe NHCTanaymje

OnpemrbeHOCT 3rpafa MPefLKONCKMX YCTaHOBa WMH-
CTanauvjama rpejarba, BeHTUNauUWje, kKnumatmsauvje wu
npvnpeme NnoTpOLLHe Tonse BoAe y nepuogy nocne 1991.
FOAMHE je CNINYHA PaHVjVIM NePUOAMMA N KapakTepuLy je
FOTOBO MAEHTUUHe BpeaHOCTY. (MpadumkoH 4.0.M.1)

CBM 00jeKTV NPeALKONCKKX YCTaHOBa Cy onpemsbe-
HWM VHCTanaunjama rpejarba Koje 3arpesajy ueny 3rpa-
LY VK HeH Hajgehn aeo. 3a pasnviky of paHujux nepu-
ofa, rotoBo TpehnHa BpTrha je onpemsbeHa cuctemMmnma
KnMmaTm3auvje, a Yewha je 1 ynotpeba cucTema BEHTU-
naupje. LleHTpanHa npunpema caHvWTapHe Tonne Bofe
(ITB) je npwvmeTHa, Mafa je ynoTpeba eneKkTpUUHKX
60jnepa joL yBeK AOMUHAHTHA.

The volatile construction market and the lack of con-
trol or penal policy resulted in a relatively modest use of
thermal insulation materials in the facade walls, account-
ing for as little as 42%. As in school buildings, in a num-
ber of small preschool facilities there were renovations
realized within the original construction system, with the
necessary improvements targeting the structure and in-
stallation systems but not thermal performance, except
in the position of facade windows.

Figure 4.D.8. Facade thermal insulation in preschool buildings
in the period after 1991 [%]

na
yes

no

HVAC and DHW systems

The installed heating, ventilation, air conditioning
(HVAC) and domestic hot water (DHW) preparation sys-
tems in the preschool facilities built in the period after
1991 showed similar trends and almost identical results
to those of the previous period (Figure 4.D.M.1).

Presumably, almost all facilities were equipped with
heating systems that covered the whole building area or
its major part. In comparison to the previous periods, al-
most a third of preschool facilities were equipped with
air conditioning systems and a noticeably higher share
of centralized ventilation systems. The use of the systems
for centralized DHW preparation was significant but local
electrical water heaters still prevailed.
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lpadukoH 4..M.1. 3aCTyn/beHOCT TEPMOTEXHUUKIX Figure 4.D.M.1 Distribution of HVAC and DHW systems in
MHCTanauvja n npunpeme 1By 3rpagama npeawKonckmx preschool buildings built in the period after 1991
yCTaHoBa 13rpaheHrm y neprogy nocne 1991. rognHe

rpejatbe /K 1 uena 3rpaga

heating 90 whole building
80
. BEHTVUNaunja 70 2 Hajsehu geo 3rpage
ventilation 60 major part of the building

Kn1MaTu3aLmja >0 3 MatbL eo 3rpage
air conditioning 40 ’ minor part of the building
30 ]
npunpema MTB 20 - | 4 He nocTtoju
DHW 10 e = do not exist
0 - -
A= 5 Huije fepuHmncaHo
2
3 4 N/A
5
Benukn 6poj BpTrha (Npeko 60%) je onpemsbeH ca- A large number of preschool facilities (over 60%)

BPEMEHWUM MHCTanaunjama rpejarba, He ctapujum og 10 were equipped with heating systems that were not more
rofinHa, Tako fia je cteneH uckopuwheHocT eHeprena-  than 10 years old so that their efficiency was significantly
Ta 3HaTHO BULWW Hero y BpTMRMMA 13 paHunjux nepuoda  higher than in buildings built in the earlier periods.
n3rpagre.

lpadwikoH 4.0.M.2. CrapocT crcTema 3a rpejarbe Y 3rpagama Figure 4.D.M.2. Age of heating systems in preschool buildings
NpeaWwKoNCKMX yCTaHoBa 3a nepuog nocne 1991. roamne [%] built after 1991 [%)

. no 10 roanHa
below 10 years

. 10-20 rognHa
10-20 years

20-30 roamHa
20-30 years

. npeko 30 rognHa
over 30 years

Y 3rpafjama NpeaLKONCK1X yCTaHOBa 13 Neproaa no- Most preschool buildings in the period after 1991
cne 1991. roavHe Haj3acTyn/beHujn je cuctem LeHTpan-  had a centralized heating system with their own boiler
HOT rpejatba Ca COMCTBEHOM KOTMAPHMLOM mMnn 13 cuc-  on the premises or connected to the district heating sys-
Tema AarbUHCKOr rpejarba. (TpadukoH 4.11.M.3) tem (Figure 4.D.M.3).



3rpaje NpefWwKOCKMX YCTaHOBA Y KapakTeprncTUYHMM neprioanma rpagre Kindergartens in Characteristic Periods of Construction

MpUpPOAHN Tac je AOMUHAHTHM EHEPreHT Y ynoTpe-
6v, jep ce nonoBuHa BpTMha rpeje HeroBuUM AVPEKTHM
U MHAMPEKTHUM kopuwhersem. To je 1 pasymrbreo, C
0031MPOM Ha BENIMKM YAEO CUCTEMA LIEHTPAHOT rpejatba
13 COMCTBEHE KOTMAPHWLE UK 13 TOMIaHe KOMyHaHor
anctpubyTtepa Tonnote. (MpadurkoH 4.40.M.4)

MpadmkoH 4.1.M.3. Cuctemu rpejarba y 3rpagama
NPeALWKONCKMX yCTaHOBa 13 Nepunofa nocne 1991. rogute [%]

7

LleHTpasnHo 3a 3rpagy 0

centralized heating for building

LEHTPANHO 3a MHCTUTYLU]Y
centralized heating for institution

apyro
other

61

MpadukoH 4.[1.M.4 3acTyn/beHOCT OCHOBHOT eHepreHTa 3a
rpejarbe y 3rpafama NPeALIKOACKMX YCTaHOBa 13 nepuofa
nocne 1991. rogunHe [%]

yramn
coal

apyro
other

Kopu1cHWUW Cy Haj3al0BOSbHUjU LEHTPaHUM rpeja-
toem (brno Aa NoTnye 13 CONCTBEHE KOTNapHULIE UK 13
cUcTeMa JarbUHCKOT rpejarba). Oxpabpyje unrbeHnLa fia
Manv 6poj KOPUCHKKa CBOje rpejarbe oLlerbyje HeloBOSb-
HO [OOPO, OAHOCHO AenUMMYHO 3af0BosbaBajyhe. (fpa-
dukoH 4.11.M.5)

49

Natural gas was the predominant heating energy
source, with almost half of the facilities using this energy
source directly or indirectly. This is understandable, tak-
ing into consideration the high share of the centralized
heating systems from either their own boiler or the dis-
trict heating utility (Figure 4.D.M.4).

Figure 4.D.M.3 Distribution of heating systems in preschool
buildings in the period after 1991 [%]

610KOBCKa KOTNapH1La
centralized heating for city block

[AJbVHCKO rpejarbe
district heating

NIOKanHo
local heating

TOMIOTHA Mymra
heat pump

Figure 4.D.M .4 Distribution of heating energy sources in
preschool buildings in the period after 1991 [%)]

[1pBO (OrpeBHO, ceuka, nenet)
wood (firewood, wood chips, pellet)

eneKTprYHa eHepritja
electricity

npupoaHH rac
natural gas

TeYHa ropviea (nox-ysoe)
liquid fuel (heating oil)

The greatest user satisfaction was found with central-
ized heating systems (either with their own boiler on the
premises or connected to the district heating system). A
positive finding was that few users rated their respective
system as unsatisfactory or partially satisfactory (Figure
4.DM.5).
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[MpVPOAHN rac je eHepreHT KOjM Cy KOPUCHWULIL Haj- Considering the correlation between the main ener-
3310BOSBbHMI, Y3uMajyh y 063up oaHocC M3mehy kBann- gy source and the evaluation of the heating quality, the
TeTa rpejarba 1 KOPULINEHOT eHepreHTa, AOK Cy enek-  users were most satisfied with natural gas and least satis-
TPUYHOM eHeprujom v [pBeTOM HajMarbe 3afaoBosbHM.  fled with electricity and wood (Figure 4.D.M.6).
(MpadukoH 4.11.M.6)

lpadwkoH 4.0.M.5 Kopenauuja namehy crctema rpejarba Figure 4.D.M.5 Correlation between the heating system and
1 OLleHe KOPUCHWKa O KBaNUTETY rpejarba Y 3rpajama the evaluation of quality of heating in preschool buildings in
NPeALLKONCKMNX YCTaHOBa 13 nepuoga nocne 1991. roanHe the period after 1991
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MpadukoH 4.1.M.6 Kopenaunja namehy oCHOBHOT eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHVIKa O KBa/IMTETY rpejarba Y 3rpafama
NPeALKONCKMX YCTaHOBa 13 neproda nocne 1991. rogunHe

Figure 4.D.M.6 Correlation between the main energy source
for heating and the evaluation of heating quality in preschool
buildings in the period after 1991
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EnekTpoeHepreTcke nHcTanaumje

AHanM3oM CTPYKType NOTPOLLFE eNekTprYHe eHepruje y
3rpafiamMa NpeawKoCKyX yCTaHoBa M3rpaheHux y nepu-
opy nocne 1991. rogrHe Moxe Ce 3aKk/byunTy fja Ce, Kao n
KO NpeALIKONCKMX YCTaHOBA M3rpaheHunx y paHujum ne-
pUoaMMa, HajBehn 1eo enekTpuYHe eHeprije KOPUCTK 3a
OCBeT/berbe MPOCTOpMja M MPUMPEMY CaHUTapHe Tomnne
Bofe (kof 69% objekaTta). 3a nobujarbe TOMNOTHE eHep-
rvje enekTpuUHy eHeprujy kopuctn 12,5% objekata, 10K je
uak 33% objeKkTa y NOTNYHOCTM MR HajBehmM Aenom Knv-
MaTV30BaHo, WTO je 1 OYeKmnBaHO 3a CaBpemeHe 3rpaze.

NenMM1YHO 3a0Bosbasajyhe

Electrical power and energy systems

The analysis of the structure of electric power consump-
tion in the kindergarten facilities built in the period af-
ter 1991 suggested that lighting and domestic hot water
preparation accounted for the largest share (69% of the
facilities), like for the facilities built before 1991. Electric-
ity was used for heating in 12.5% of the facilities while as
many as 33% of the facilities were completely or almost
completely air-conditioned as is to be expected from
newly built buildings.
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lpadukor 4.[.E.1 Tnosu ocBeT/berba 1 3aCTyN/bEHOCT Y
3rpafama NpeaLKoNCKMX yCTaHoBa M3rpaheHux y nepuomy
nocne 1991. rognHe

. LED

LED

[ wrenbnse cvjanmue
energy-efficient

CHjanuLe ca yxapeHoM HUTK
incadescent

bnyo Lesm
fluorescent

3rpafie NpefLWKONACKMX yCTaHoBa m3rpaheHe y nepu-
ofly HakoH 1991. roavHe y Hajsehoj Mepu KopucTe Gyo
LIeBV KO M3BOP BelTauKor ocBeT/berba. Takohe, y 3HaT-
Hom 6pojy objekaTa je v farbe y ynoTpebn MHKaaecleH-
TO OCBET/bEHE, AN je NMPUMETHA ¥ TeHaeHUMja ynoTpebe
wreambmBmx crjanmua u LED paceeTe. (TpadwmkoH 4.10.E.1.)

MpoceyaH 6poj caT pafja BelTaYKor OCBET/bEHA 3a-
BMCW Off TVNa NPeALIKONCKE YCTaHOBE M CMEHCKOT pafa.
MoadwikoH 4.[1.E.2. nokasyje fa Hajeehn 6poj 3rpaaa npeai-
KOMCKMX YCTaHOBa (449%) BelUTauko OCBET/bEHE KOPUCTU
BMLLE O 9 CaTV AHEBHO OK Camo 6% yCTaHOBa KOPWCTH
OCBeT/beHE Marbe of 3 caTa. Moxe ce 3akibyunTi aa ce 'y
NPOCEeYHO]j NPEALWKONCKO] YCTaHOBY, Y HaBeAEHOM nepu-
0fy, BeLUTauko OCBET/beHE KOPUCTI 7,5-8 caTu IHEBHO.
Cnvika 4.[0.E.2. Bpeme kopuiwherba BeWTaukor OCBET/berba

Y 3rpafama NpeaLwKONCKIX yCTaHoBa 13rpaheHrM y neproay
nocne 1991. rognHe

44

Y 3rpafama MpeALKONCKMX YCTaHoBa M3rpaheHumx
nocne 1991. roarHe 13y3eTHO PETKO je y ynoTpebu ayTo-
MaTCKa KOHTPOMa OCBET/betba. Ha aHanm3MpaHoM y30pKy
Huje 3abenexeHa MHCTanaumja GOTOHAMOHCKUX CUCTeMa.
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Figure 4.D.E.1 Types of lighting and their distribution in
preschool buildings built in the period after 1991

Lena 3rpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Marbu feo 3rpage
minor part of the building

4 He nocToju
do not exist

The preschool facilities built in the period after 1991
mostly used fluorescent tubes for artificial lighting. In ad-
dition, incandescent lighting was also common while
there was arising trend in using energy-efficientand LED
lighting (Figure 4.D.E.1).

The average number of working hours of artificial
lighting depends on type of preschool facility and the
shift schedule. Figure 4.D.E.2 shows that in most pre-
schools (44%) artificial lighting was used for 9 hours daily.
On the other hand, only 6% of the facilities used artificial
lighting for less than 3 hours. It can be concluded that in
the average preschool facility in the period after 1991, ar-
tificial lighting was used for 7.5-8 hours per day.

Figure 4.D.E.2. Working hours of artificial lighting
in preschool buildings built after 1991

6 no 3 cata

up to 3 hours

. 3-6 catn
3-6 hours

33 6-9 catn
6-9 hours

. npeko 9 catu
over 9 hours

17

In the buildings of preschool institutions built after
1991, the use of automatic lighting control was extreme-
ly rare. Also, there were no photovoltaic systems installed
in any analyzed facility.



Moborbliatbe eHepreTcke epuKacHOCTM U cMarberbe emncuje CO, Increasing Energy Efficiency and Reducing CO2 Emissions

5. MOBOJbLIAHE EHEPTETCKE EOMKACHOCTW
N CMAHERE EMUACKIE YITbEH-ANOKCHOA
YHATPEBEHEM 3IPAJA MPEALLKONCKNX
YCTAHOBA (BPTURA)

Mpema TpeHyTHO Baxehoj perynatueu 13 obnactu
eHepreTcke edprKacHOCTY 3rpafja, cMaTpa ce fia je eHep-
reTcka edrkacHOCT 3rpage nobosbliaHa YKOVKO je 3a-
Lp#aH (ako oaroBapa NPonucyMa 1 3aatim yCoBrma)
WU NOAMIHYT HMBO KOMOpa y3 CMmarberbe moTpebHe
eHepruje 3a rpejarbe. [paBunHULM Koju Cy CTYNWUAW Ha
cHary 2012. rognHe'® y Cpbujn npeasubajy aa ce ceptu-
dU1Kalmja 3rpajia BpLLM CaMO Ha OCHOBY NOTpebHe eHep-
rvje 3a rpejarbe. OcTanu obnvum eHepruije Koja ce TpoLm
Yy 3rpajama, Kao LUTO je eHepruja 3a KnnMmatrsauujy, BeH-
Tnaunjy, H1cy obyxsahenu. lpopayyHu NoTpebHe enek-
TPUYHE eHepruje, Kao 1 eHepruje 3a Npunpemy caHmn-
TapHe Tomne Boae ypaheHu cy, y Cknady ca nponucrma,
npema TabenapH1mM BpeAHOCTUMA: KopuwheHa je Bpes-
HOCT NoTpebHe eHeprije 3a JaTe HaMeHe MO KBajpPaTHOM
METPY rpejaHe NoBpLUMHE. Y NPETXOLHVM NOraB/brma
je n3BpLieH 1360p 3rpafa Koje cy penpeseHTn aobuje-
HVX MOAENCKNX 3rpafja NPOM3aLLInX 13 KnacTep aHanu-
3e. Tako cy aeduHMCaHM pasnnuunT HUBOM yHanpehetba
1 TO 3a eflemMeHTe:

« TEPMMUYKM OMOTaY
© TEPMOTEXHWYKM CUCTEMM 1
+  EeNIeKTPOEHEPreTCKU CUCTEMM

Takohe, Kao BeoMa 3HayajHO Mepuio yHanpeherba
KBanunTeTa 3rpafe, NpopadyHaTte Cy 1 emucuje yribeH-au-
okcmaa byayhn aa ce oBaj napameTap y CTPYy4YHOj NuTepa-
Typu cBe Yelwhe KOPUCTU Kao MepPUOo BpeaHOCTM rpahe-
BUHCKOr  doHaa (Mrmatosuh, hykosuh Mrrbatosuh,
Josarosuh Tlonosuh, 2017). AHanvsmpaH je 1 yTuuaj
CMarberba emucuje YrmbeH-AMoKCMAa NPUMEHOM OBHO-
B/BbUBKX 13BOPa eHepruje (boxuh, LiBeTkosuWh, KMBKOB-
nh, 2015). 3Havaj emmnCHje YribeH- ANOKCKaAA, Kao Mepuna

¥ TpaBUIHNK O eHepreTckoj edrKkacHOCTM 3rpaga 1 MNpaBuiHK
0 YCNOBUMA, CAAPXMHY 1 HaUVHY 13haBatba cepTruduKaTa

0 eHepreTcKkMm cBojcTBMMa 3rpada (“Cn. rnacHuk PC, 6p.
61/2011)

5. INCREASING ENERGY EFFICIENCY
AND REDUCING CO, EMISSIONS

BY IMPROVING PRESCHOOL BUILDINGS
(KINDERGARTENS)

According to current legislation, energy efficiency of
a building is considered as improved if the level of user
comfort is retained (in compliance with the conditions
stipulated by the regulations) or increased with the re-
duction of heating energy demand. Since the regula-
tions enforced in Serbia in 20128 require that the cer-
tification of buildings consider only the energy needed
for heating, other forms of energy consumption relevant
to buildings, such as air conditioning or ventilation, did
not enter the calculations, while the energy required for
electric power supply and domestic hot water prepara-
tion was calculated, in compliance with the regulations,
according to the tabular values for the energy required
for the given purposes per square meter of the heated
area. In the preceding sections, a selection of buildings
was chosen to represent the model buildings obtained
from the cluster analysis. For each selected building, sev-
eral improvement methods were defined for the follow-
ing elements:

Thermal envelope;

HVAC and DHW systems; and,

Electrical power and energy systems.

Additionally, carbon dioxide emissions were also cal-
culated as a very important performance enhancement
since this parameter has been increasingly used in the
professional literature as a measure of evaluating the
building stock (Ignjatovi¢, Cukovi¢ Ignjatovi¢, Jovanovic
Popovi¢, 2017). The impact of carbon dioxide emission
reductions by using renewable energy sources has also
been discussed (Bozi¢, Cvetkovi¢, Zivkovi¢, 2015). The
importance of carbon dioxide emissions as a measure
of building energy efficiency is immense since these

'8 The Rulebook on Energy Efficiency of Buildings (Official
Gazette of the RS, No. 61/2011)
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KBanuTeTa 3rpajla Ca acnekTa HeHe eHepreTcke eduKkac-
HOCTK, U3y3eTHO je BaxkaH Byayhu fia je emmcuja yribeH-
AMOKCMIA OrpaHuuyeHa 3a CBaky 3em/by MoHaocob ca
NPOMNMCaHNM POKOBKIMA 33 CMarberbe OBe emuncuje mehy-
HapOofHWM cnopasymmma.'”

MpopauyHn noTpebHe eHeprvje cy paheHn 3a
noctojehe ctarbe 3rpaje, kao 1 Tpy HKBOA yHanpeherba
Ha OCHOBY MPUKYM/bEHE TeXHWUKe JOoKyMeHTaumje. Mehy-
TVM, 33 MpOpauyHe yKyrnHe noTpebHe eHeprvje Ha HUBOY
Cpbuje kopuiiheHn cy noBpwuHe 1 6poj BpTha nobuje-
HM MeTOZIOM KfacTep aHanm3e” oAHOCHO Ha OCHOBY YC-
BOjeHMX MofaTaka 3aBOAa 3a CTaTUCTUKY. Tpeba Hamo-
MEHYTV [ia je npuMerbeHa meTofonorvja aeduHvcaHa
BaxkeNOM perynatvBom, anv je 3a npeumsHuje nopatke
Moryhe KopucTUT1 1 AeTasbHe cumynauvje. Mopen KoH-
BEHLIMOHANHMX METOAA NpopadyHa Koje y3umajy y 0b3np
CBe AeTalbHe KapaKTepuCTHKe 3rpafa 1 CUCTema, Mory ce
NPUMEHNTY 1 MOAENW KOjW MPUMEtsYjy METOAE BellTauke
VHTEeNWreHuUmje, anu 3axTeBajy BEIMKY KONMUMHY MepeHIxX
YNa3HWX 1 1U3Ma3HNX BenmumHa (JosaHosmh, CpeteHosuN,
Kuskoswh, 2015, 2016; JosaHosuh, CpeteHosuh, 2015).

Y Tabenu 5.1. gate cy W3padyHaTe BPeAHOCTU ro-
AWlHe NOTPebHe, CNopyYeHe 1 NpUMapHe eHeprije 3a
rpejarbe 1 npunpemy CTBy TMNMUHMM BPTUMAMMA, @ Npo-
wmrpeHe 3a cee BpTvhe y Cpbuju rpynmcaHe cy nNo Knac-
Tepuma y noctojehem cCTany. Tpeba nctahu fa ce y Be-
nvKom 6pojy cnydajeBa noctojehe cTarbe 3rpafa BpTMha
pasnviKkyje ofl NpojekToBaHor. Hanmve, 3rpage rpaheHe y
PaHWIM NEePUOAMMA HICY MMasie MHCTaNMCaHe cucTeme
3a rpejarbe UM npunpemy Tornse BoAe; OBU CUCTEMU CYy
yBeEHN HaKHaAHO MPWUIMKOM OOHOBE MNW NpeHameHe
3rpaga. Mpun NpopadyHy eHepruje 3a rpejarbe, byayhv aa

19 Kjiomo npomokor je yceojeH y KjoTy, JanaH 1997. roaumHe.
[MpoTokon obagesyje MHAYCTPWjanV30BaHe 3emrbe fa
CTabunmsyjy emmncujy racosa ca epeKkTom CTakneHe balte

Ha ocHoBy Hayena KoHeeHumje. Cpbuja je patudnkoBana
[pomokon y jaHyapy 2008. rognHe.
http://unfcccint/kyoto_protocol/items/2830.php

0 [leTarbHO Objalltbere CTaTUCTUYKOT MeTOAA KnacTep
aHanm3se CNPoBeAeHOr Ha NPeaAMETHOM Y30PKY 3rpaja Hanasu
ce y: Krbura 1 32pade wKonckux u NpeoLKOICKUX YCmMAaHo8a —
MemoOOJIOWKU OK8UP (popMUparea munosioauje U nobosbarea
eHepeemcke e(ukacHocmu

emissions are limited for each country by internation-
al agreements, with the deadlines prescribed for their
reduction.”

The calculations of energy demands for the exist-
ing condition of the buildings and the three levels of
improvements were made using the collected design
documentation. However, the calculations of the total
energy demands on the level of Serbia were made upon
the floor areas and the number of preschool facilities ob-
tained in the cluster analysis,® and upon the data from
the Statistical Office of the Republic of Serbia. It should
be noted that the calculation method was defined upon
the current regulations but detailed simulations can be
used for data that are more precise. In addition to con-
ventional calculation methods that take into account
all the detailed characteristics of buildings and systems,
models that utilize artificial intelligence methods can
be applied; however, they require a large amount of in-
put and output measurements (Jovanovi¢, Sretenovi¢,
Zivkovi¢, 2015, 2016; Jovanovic, Sretenovic, 2015).

Table 5.1 shows the annual required, delivered and
primary energy used for heating and DHW preparation
calculated for the existing condition in each preschool
building type and extended to the corresponding clus-
ters for all preschool facilities in Serbia. The existing and
the design conditions differed, as most of the facilities
built in the earlier periods were not equipped with heat-
ing and DHW systems when they were designed but had
them installed in subsequent renovations or repurposing
interventions. As the calculations refer to the whole ter-
ritory of Serbia, the energy source was not taken for the
typical facility in the cluster but it was instead defined

“The Kyoto Protocol was adopted in Kyoto, Japan in 1997.
The Protocol obliges industrialized countries to stabilize
greenhouse gas emissions based on the principle of the
Convention. Serbia ratified the Protocol in January 2008.
http://unfcccint/kyoto_protocol/items/2830.php

2 A detailed explanation of the statistical method of cluster
analysis used on the building sample can be found in School
and Kindergarten Buildings — A methodological framework for the
formation of typology and the improvement of energy efficiency
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ce paan o Teputopuju Uene Cpbuje, KopuwheHn eHep-
FEHTU HWCY Y3€TN NPemMa KapaKTepucTKama TUMNCKOr Bp-
Tvha y Knactepy, Beh cy ogpeheHn 3a T AOMMHAHTHA
cucTema 3a rpejarbe aobujeHa 0bpafom aHkeTa O MHCTa-
JINCAHOM CUCTEMY W KOPULNEHOM OCHOBHOM eHepreHTy
3a cBakm knactep. [lobunjeHn pesyntatu Aajy BUCOKe Bpea-
HOCTW, jep je 3aHemMapeHa YnrbeHMLa Aa ce noHekaa He
rpeje Luena NoBpLUMHa 3rpage BpTuha, Kao v Aa NocToju
npekna y 3arpesarby (HONy, BUKEHAOM, NPa3HMLMMA).

for the three heating systems that were predominant in
the survey results on the heating systems installed and
the energy source used for each cluster. Certainly, the re-
sults show excessively large values since the calculations
did not take into account that sometimes not the entire
building was heated and that there were intermittent
heating (switched off at night, or during weekends and
holidays).

OnuwTa HanomeHa:
Y cBvM Tabenama 6pojeBn Cy NprkasaHu y cknagy ca
NpaBuUIMa CPMCKOT je3nKa.

General remark:
In all tables numbers are presented according with
serbian language rules.

Tabena 5.1. YKynHo noTtpebHa, ncnopyyeHa 1 npumapHa
eHepruja, Kao 1 emmncuja yribeH-aruokcmaa cevx sptuhay
Cpbujn no knacTepvma 3a noctojehe cTarbe

Table 5.1. Total required, delivered and primary energy with
CO, emissions for all kindergartens in Serbia by clusters for the
existing condition

o S
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Q. Q.
qI) > qIJ © —~ © o~
285 |z 5 |&% B 8s
© T2 T = 75 o3 pae)
6p0) 2 SEST |&_9= |Bfq g 5 |23
38 o< oc 0S5 5 o s o= ] T Y e
knactep | spTvina 3 < 5§90 |55=2 §&gc¢ s ¢ |2a
cluster number D - cfsg cCZ g S o5& 5 2 vy
. o 2 2 o =20 oSy D o 5 = © & = © 5
ofkinder- | £ 5 = 8= |EFZ =S |Ea2 9 |E=z_ 2 |E=-
S F & S5 8T sV s & SO s v S S5 E S
gartens | £ 9 9 £3%9¢ |£88¢ |£F525F |£8o85 |L£8
[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/a]
Al 236 38.704 10,44 0,39 14,45 14,99 5175
A2 100 55.000 13,62 0,55 16,22 21,99 6.841
B1 184 49.680 15,46 0,50 18,53 2823 10512
B2a 128 76.800 16,44 0,77 20,95 2543 6.936
B2b 117 140.400 30,14 1,40 3841 46,60 12711
@ 323 58.140 16,01 0,58 19,45 2740 9.267
2 897 1.089.855 212,96 10,90 273,36 298,96 81.120
c3 309 684.435 133,81 6,84 177,67 222,50 65.149
D2 187 187.000 15,37 1,87 20,33 22,46 6.187
D3 110 253.000 13,26 2,53 18,22 23,89 7.043
YKYMHO
TOTAL 2.591 2.633.014 477,51 26,33 617,59 73244 210.941

MpBo yHanpeherbe 0byxBaTa camo NobosblLIakbe Tep-
MMYKOF OMOTaya 3rpafe, 40K Cy TWM rpejakba M OCHOB-
HW eHepreHT 3afpXKaHn Kao y noctojehem cTarby, Ma je
y Tabenu 5.2. npunkasaHa ykynHo notpebHa, ncnopydeHa
N NPUMapHa eHepruja, Kao 1 emncuja yribeH-1oKCnaa

Improvement 1 proposes the thermal insulation of
the envelope only while the existing heating system and
the energy source remain the same. Therefore, Table 5.2
shows the total required, delivered and primary energy
with CO, emissions for all preschool buildings in Serbia
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cux BpTrha y Cpbujv No Knacteprma 3a OBako Npojek-
TOBaH nakeT mepa. popauyHu cy ypaheHu 3a Tpu Haj-
yelwhe NpuMer-eHa c1cTema 3a rpejarbe, AobwjeHn ob-
pafioM aHKeTa O MHCTaNVCaHOM cuUcTemy 1 KopuwheHom
OCHOBHOM EHepreHTy 3a CBaku KnacTep, a He npema
TEXHNYKOJ AOKYMEHTaLM|W 1 CTBAPHOM CTatby ofabpaHe
penpeseHTaTVBHe 3rpage.

Tabena 5.2. YKynHo notpebHa, ucnopyyeHa 1 npumapHa

eHepruja, Kao 1 eMmncyja yribeH-aroKcuaa caux spTrnha y
Cpbujv No KnacTeprma 3a apXUTEKTOHCKO-TpaheBMHCKO

yHanpebhetbe 1

by clusters for this package of measures. As it was men-
tioned above, the calculations were made for the three
most commonly applied heating systems according to
the survey results on the heating systems installed and
the energy source used for each cluster, and not accord-
ing to the design documentation or the existing condi-
tion of the selected building representative.

Table 5.2. Total required, delivered, and primary energy with
CO, emissions for all kindergartens in Serbia by clusters for
architectural and constructional Improvement 1

8 8
= =
a g
2 o 2 © ~ © “
532 |3 3z |3E B 8 s
. © IS c= I =2 Z 3 S . s 2
6poj < %6‘”? 9 2= |80 £ o | T2
33 o< oc as 5 h o xS oo T 9] ¥ e
Knacrep BpTvha 3¢ 530 |65=9 |§ £g¢ p 2 26
cluster number S c £ i) cEC 5 S o =E 5§ < |y
®cc Pl |fxe0? 2203 |2 5 |20
ofkinder- | £ 5 = 8- |[EF=25 |[Eca -9 |E=z_2 |E=
S S5 8T sU s & S0 SO S =S¢ E S8
gartens | €2 9 £Ro¢ |£g0¢ (£325 |[£E885 |£8
[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/a]
Al 236 38.704 563 0,39 7,98 8,56 3.046
A2 100 55.000 7,72 0,55 945 13,11 4.220
B1 184 49.680 8382 0,50 10,81 16,69 6.306
B2a 128 76.800 12,51 0,77 16,14 19,84 5.542
B2b 117 140.400 19,50 1,40 25,39 31,49 8.936
@ 323 58.140 10,27 0,58 12,70 18,14 6.244
2 897 1.089.855 145,50 10,90 190,51 231,62 60.386
a3 309 684.435 95,89 6,84 129,43 164,71 49476
D2 187 187.000 11,26 1,87 1544 17,80 5.251
D3 110 253.000 13,26 2,53 1822 23,89 7.043
YKYMHO
TOTAL 2.591 2.633.014 330,35 26,33 436,06 527,86 156.448

[ledunHurcann apyru cleHaprno yHanpeherba 00yxBa-
Ta BPSI0o 0OVMHY OBHOBY TEPMUYKOT OMOTaYa 3rpage y oa-
HOCY Ha nocTojehe CTarbe, Kafla Cy apXUTEKTOHCKE Mepe
00HOBE y MUTarby, LWITO je BUIUBbMBO M3 OfHOCa NoTpeb-
HVX eHepruja 3a rpejare (196,43/477,51 = 0,41). Y Be3u
Ca cucTeMoM rpejarba NpeasuheHo je kopuwhere 6uro-
mace, cem Kaaa y BpTuRy NOCTOjW MHCTaNMCaHo LUeHTpas-
HO rpejatbe Ca raCHUM KOTIOM 1iu je BpTvh noBesaH Ha
CUCTEM [IaJbUHCKOT rpejarba, Mpr Yemy je y TomnaHu npw-
PO[HM rac OCHOBHO rOpMBO. PauyHcke BpeaHOCTV pa3-
AMUUTUX 0BMKa NOTpebHe eHepruje 3a rpejarbe BpTHha

Improvement 2 was defined to encompass a compre-
hensive thermal insulation refurbishment of the existing
envelope as regards architectural renovation measures,
which is evident from the ratio of the energy required
for heating (196.43/477.51 = 0.41). It also includes the
use of biomass for heating, except for preschool facilities
that have a centralized system with a gas-fired boiler or
are connected to the district heating system in case that
the thermal plant uses natural gas as the energy source.
The calculated values for different types of energy used
for heating and DHW preparation with CO, emissions, by
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1 npunpemy CTB, Kao 1 eMUCHje YribeH-AVOKCHAA, NpW-
KazaHe cy y Tabenu 5.3. Mo Knactepuma v yKyrnHo 3a cee
BpTWhe y Cpbuju.

Tabena 5.3. YkynHo notpebHa, ucrnopyyeHa 1 npumapHa
eHepruja, Kao 1 emncyja yribeH-auokcmuaa cavx sptuhay
Cpbujn No KnacTeprma 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHUYKO YHarnpeherbe 2

clusters and as total for all preschool buildings in Serbia,
are shown in Table 5.3.

Table 5.3.Total required, delivered, and primary energy with
CO, emissions for all kindergartens in Serbia by clusters for
architectural, constructional, HVAC and DHW Improvement 2
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S5 C Stzs |sVYZEs |[Sez2e |[S5EE |S5¢
gartens 1 €2 9 £8c¢ |Egte |£585 |£ECE L8
[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/al
Al 236 38.704 4,14 0,39 531 1,54 693
A2 100 55.000 4,86 0,55 711 8,66 2224
B1 184 49.680 5,06 0,50 6,45 7,85 2015
B2a 128 76.800 6,93 0,77 10,13 12,31 3.149
B2b 117 140.400 9,91 1,40 14,82 18,44 4,945
@ 323 58.140 4,97 0,58 6,43 7,96 2113
Q 897 1.089.855 81,63 10,90 108,18 39,20 18.367
3 309 684.435 54,41 6,84 80,44 98,89 25.904
D2 187 187.000 11,26 1,87 17,14 21,69 6.012
D3 110 253.000 13,26 2,53 20,54 2643 7.551
YKYMHO
TOTAL 2.591 2633014 196,43 26,33 276,55 24297 72973

Tpehn HMBO yHanpehera je HajOOUMHWM}L 1 HajKOM-
nnekcHWjK. Kaga cy y nuTarby TepMOTEXHWYKe MHCTa-
naumje, npeasuheHa je 3ameHa CBUX MNOCTOjeRnx m3-
BOpa TOMMOTE; MAaHMPaHO je Kopulherbe TOMAOTHUX
nymnu Basayx/soda. (Tabena 54.). Mpu oBom cTeneHy
yHanpeherba 3rpada BpTMha, caHWTapHa Tonna Bofda ce
npYMapHO Npunpema Kopuihersem crcTema ca npujem-
HYLMMa CyHUYeBe eHepruje, a Kafa je CyHUYeBO 3paderbe
HeoBO/bHO 3a rpejarbe CTB KopucTn ce TomnoTHa
nymna.

Improvement 3 is the most comprehensive and most
complex level. In all HVAC systems, the existing energy
source is replaced with air-to-water heat pump (Table
5.4). Domestic hot water is primarily prepared by using
solar panels or a heat pump whenever the solar energy
is insufficient.
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Tabena 5.4. YkynHo notpebHa, ucnopydera 1 npumapHa
eHepruja, Kao 1 eMncyja yribeH-anoKcmaa Ceux spTnha y
Cpbuju No KnacTeprima 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHMUKO yHanpeherse 3

Table 5.4.Total required, delivered, and primary energy with
CO, emissions for all kindergartens in Serbia by clusters for
architectural, constructional, HYAC and DHW Improvement 3
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gartens | £ 23 £8C¢g |£38¢ (£58§5 |[£ECE |[£8
[m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/al
Al 236 38.704 2,82 0,39 1,11 2,78 1476
A2 100 55.000 3,31 0,55 1,34 335 1.776
B1 184 49.680 3,44 0,50 137 342 1.812
B2a 128 76.800 4,64 0,77 1,88 4,69 2487
B2b 117 140.400 6,44 1,40 2,72 6,81 3.610
@ 323 58.140 3,34 0,58 1,36 3,40 1.802
2 897 1.089.855 54,17 10,90 22,58 56,46 29.924
c3 309 684.435 31,69 6,84 13,38 3344 17.722
D2 187 187.000 9,82 1,87 4,06 10,14 5375
D3 110 253.000 11,08 2,53 4,72 11,81 6.260
YKYMHO
TOTAL 2.591 2633014 130,75 26,33 54,52 136,31 72.243

AKo noTpebHa eHeprunja 3a rpejarbe Caux BpTuha y
Cpbujn npeactasba 100%, (pe3yntatv U3 NPETXOAHMIX
Tabena objeanrbeHy cy y MpadukoHy 5.1.) MpUMEHOM ap-
XUTEKTOHCKMX U TEPMOTEXHUYKMX Mepa YyHanpeherba
EHepreTCKMX KapakTepucTvKa 3rpafe Mory ce noctrhn
cnepehe ywrepe: yHanpeberbem 1 ywTega of 31%,
yHanpehersem 2 ywTtena off 59% , ofHOCHO 73% 3a
yHanpeherbe 3. AKO ce nocmaTtpa YKymHO noTpeb-
Ha eHepruja 3a rpejarbe CBUX Wkona v npunpemy CTB
Y tbUMa, OHAa cy Moryhe ywTeae HelwTo Marbe: 29% 3a
yHanpeherse 1, 56% 3a yHanpehere 2 1 69% 3a HajBu-
WK HVMBO NpeaBMheHe TepmuyKe 3alTuTe 1 Kopulherbe
TOMIOTHYX MYMMK Ba3ayx/Boaa.

If the energy required for heating for all preschool fa-
cilities in Serbia is represented as 100% (the results from
the previous tables are combined in Figure 5.1), by apply-
ing the architectural and HVAC measures for increasing
the energy efficiency, it is possible to achieve the follow-
ing savings: 31% with Improvement 1, 59% with Im-
provement 2, and 73% with Improvement 3. If the total
energy required for heating and DHW preparation for all
preschool facilities is analyzed, the potential savings are
somewhat lower: 29% with Improvement 1, 56% with
Improvement 2, and 69% with the highest level of ther-
mal envelope refurbishment and the use of air-to-water
heat pumps.
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MpadukoH 5.1. MNoTpebHa eHepruja 3a rpejakbe 1 Npunpemy
CTB [GWh/a]

noctojehe cTarbe existing condition

yHanpehere 1 improvement 1

yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

YKynHa dvHanHa (McnopyudeHa) eHeprija 3a rpejarbe
n npunpemy CTB y caum Bptuhuma y Cpbuju, nopep
Mepa yHanpehera TeEpMMUKOr OMOTaYa, y3nma y oo3mp
1 KapaKTepUCTUKE TEPMOTEXHUYKMX c1McTemMa Y BPTURAK-
ma (fpadurkoH 5.2), kao cBeobyxBaTHWjer ceTa pacro-
NOXMBMX Mepa yHanpehersa eHepreTcke eprkacHOCTM
y eHepreTmuy v 3rpagapcTBy, Y LUWby O4yBakba »KMBOT-
He cpeanHe (Kmekosuwh, JaHkec, Hosakosuh, 2013).
Ako ce noctojeha roavwa KonnumMHa GrHanHe eHep-
rvje o3Haum ca 100%, oHAa ce yHanpeherbem 1 Moxe
noctvhn ywTtena on 29%, yHanpeherem 2 on 55%, a
yHanpeherbem 3 uak 91%, jep ce npenasun Ha rpejarbe
TOMAOTHMM MymMMama Ymjy Cy KOMMAPECOPW MOroreHw
eneKTPOMOTOPMMA.

lpadukoH 5.2. DuHanHa eHepruja 3a rpejarbe U Npunpemy
CTB [GWh/a]

noctojehe ctare existing condition
yHanpeherbe 1T improvement 1
yHanpeherbe 2 improvement 2
yHanpehere 3 improvement 3

3a nocTojehe CTarbe 3rpafa NPeAWKONCKMX YCTaHOBa,
Kao 1 3a TPV MOAENA HUXOBOT eHepreTcKor yHanpeheha
aHanM3MpaH je ofHOC MoTpebHe MpVMapHe eHepruje
N eHeprvje 3a Npunpemy caHwTapHe Tonne soge (Ipa-
duvKkoH 5.3). OunrneaHo je aa cy ywTene ymepeHuje (Ha-
pouMTO 33 yHanpeherbe 3), WTO Ce Tymaun BeNMKOM
BpeaHowhy koeduumjeHTa TpaHchopmauvje oduHanHe
eneKkTpuUHe eHepruje y NpyYMapHy eHeprujy, a nocneau-
La je BeNMKOT yAena TepMoeneKkTpaHa Ha IUTHUT Y yKyn-
HOJj NPOW3BOAHW enekTprdHe eHeprije y Cpouju.

Figure 5.1. Energy required for heating and DHW [GWh/a]

477,51 26,33
@ rpejarve

330,35 26,33 heating
|

196,43 26,33 CTB
I DHW

130,75 26,33
I

In addition to the improvements in the thermal en-
velope, the total final (delivered) energy for heating and
DHW preparation for all preschool buildings in Serbia also
includes the characteristics of HVAC systems in the facili-
ties (Figure 5.2), as a more comprehensive set of available
measures to improve energy efficiency from the aspects
of energy and building construction, as well as environ-
mental protection (Zivkovi¢, Jankes, Novakovi¢, 2013). If
the existing annual final energy consumption is repre-
sented as 100%, savings of 29% can be achieved with
Improvement 1, 55% with Improvement 2, and as much
as 91% with improvement 3 since the heat pump using
electricity for compressors is proposed for heating.

Figure 5.2. Final energy for heating and DHW [GWh/a]

The relationship was analyzed between the required
primary energy and the required energy for domestic
hot water preparation for the existing condition in pre-
school facilities and the three proposed improvement
models (Figure 5.3). Evidently, the savings are more mod-
erate (especially for Improvement 3), which can be ex-
plained by the high value of the primary energy factor
resulting from the high share of lignite thermal power
plants in the power supply system in Serbia.
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lpadukoH 5.3. MpriMapHa eHepruja 3a rpejarbe 1 Npunpemy
CTB [GWh/a]
noctojehe cTare existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2
yHanpeherbe 3 improvement 3
3a MOrOH TOMOTHKX NyMNY Ba3ayx/Bofa, NpeasmnheH
HajoBVMHUjM YHanpeherbeMm 3, KOPUCTH Ce eNeKTpUYHa
eHepryja. To je rnaBHW pasnor 3alTo 6u emucuja yribeH-
avokcuaa buna npubnnxkHO jeaHaka Yy BapujaHTama
yHanpeherba 2 1 3 (MpadukoH 5.4), umajyhun y suay aa je
noTpOLWHba GVHaNHE eHepruje 3a yHanpeherse 2 oko neT
nyTa Beha Hero 3a yHanpehete 3, a NoTpoLWHa NprMap-

He eHepruje Ckopo ABa nyTa seha.

papuKoH 5.4. Emncrja yriven-grokeupa [t CO,/a]

noctojehe cTarbe existing condition
yHanpeherse 1T improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

CnnuHe aHanuse obaB/beHe Cy M 3a KBaHTUdMKA-
UMjy NO3WUTUBHUX edekaTa yHampehera enekTpuuHmx
MHCTanauwja y BpTvhnma. 3a cBaku TMM WU NOATUM je 13-
BpLUEeH NpopayyH HEOMXOAHE NPUMapHE eHepruje, Kao
1 emvcuje yribeH-arokcuaa. Y Tabenu 5.5. npurikasaHe cy
BPEAHOCTY roAmLHbe NoTpebHe enekTpryuHe 1 npumMap-
He eHepruije, Kao 1 emncuje yybeH-ANoKCMAa 3a ocBe-
T/berbe BpTha npema knactepuma 3a noctojehe crarbe.
Tpeba HanomeHyTV fjla OCBET/bErE HIje Yy OBOj aHanm3m
KopuwheHo Kao NapameTap 3a kapakTepwsauujy y Knac-
Tep aHanm3u, Tako Aa ce y OKBMPY UCTe KaTeropuje Mory
MMaTK 3HauajHO pasnnuuTe cneundryHe roguirbe not-
poltbe enekTprYHe eHepruje 3a ocBeTberbe 3005 KO-
puwherba pasIMUUTMX TUMOBa OCBET/bEHA W Pasfu-
UMTOr MPOCEYHOr AHEBHOr Tpajarba paja OCBET/bErbA.
MpopauyHy NpuKasaHn y Tabenun 5.5 cy BpLEHM Ha OC-
HOBY MPOCEYHOr TWMa OCBET/bEHA W MPOCEYHOr Bpe-
MEeHa Tpajarba YK/byUYeHOCTV OCBET/berba 3a CBaky Ka-
Teropujy BpTuha. Takohe, Tpeba HanoMeHyTW Aa ce, Ha
OCHOBY MPVIKYM/bEHVX MOAaTaka O YKYMHOj MOTPOLWHM
enekTpuYHe eHepruje 3a aHanu3MpaHu y3opak, Moxe
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Figure 5.3. Primary energy for heating and DHW preparation
[GWh/a]

I 732,44
527,86
242,97
136,31

As mentioned above, the most comprehensive Im-
provement 3 proposes the use of electricity as the en-
ergy source for air-to-water heat pumps. This is the main
reason why CO, emissions are approximately the same in
both Improvements 2 and 3 (Figure 5.4) although the fi-
nal energy consumption for Improvement 2 is nearly five
times as high as in Improvement 3, and the primary en-
ergy consumption is almost twice as high.

Figure 5.4. CO2 emissions [t COZ/a]

I 210,947
156448
72.973
72.243

Similar analyses were done in order to quantify the
positive effects of improving the electrical installations
in preschool facilities. Calculations were made for the re-
quired and primary energy and for the reductions in CO,
emissions for each type and subtype. Table 5.5 shows the
annual required and primary energy used for lighting as
well as reductions in CO, emissions calculated for the ex-
isting condition in the preschool building types and ex-
tended to the corresponding clusters for all preschool fa-
cilities in Serbia. It should be noted that lighting is not
used in this analysis as a parameter for characterization
in cluster analysis, so within the same category there can
be significantly different specific annual electricity con-
sumption for lighting due to the use of different types of
lighting and different average daily duration of lighting.
The calculations shown in Table 5.5 were made on the
basis of the average type of illumination and the average
duration of the lighting switched on for each category
of kindergarten. Also, it should be noted that, based on
the collected data on the total consumption of electric-
ity for the analyzed sample, it can be concluded thatin a
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3aK/byYMTV f1a Y BEMKOM OPOjy NpefwKonckux objexkara
KBaSIMTET OCBET/bEHbA HE 330BOSbA CTAHAAPAE O MUHU-
MasTHOM 3aXTeBAHOM HIBOY OCBET/bEHOCTM NMPOCTOPWja Y
OBaKBWM 0GjeKTVMa. Y aHanv3ama Koje cnefie pasmaTtpa-
HO je yHanpeherbe nocTojeher cTarba, kako b1 ce carefa-
NV penatueHm ehexTy yHanpehetba eHepreTcke edukac-
HOCTW OCBET/bEMbA.

Tabena 5.5. YKynHa noTpebHa v npumapHa eHeprija, kao 1
emncuja yribeH-anoKkeraa caux sptviha y Cpbujn no knactepuma
3a nocTojehe cTarbe 0CBET/bEHA

large number of preschool facilities the quality of light-
ing does not meet the standards on the minimum re-
quired level of illumination in such facilities. The analysis
below discusses the improvement of the current situa-
tion in order to capture the relative effects of improving
the energy efficiency of lighting.

Table 5.5. Total required and primary energy and CO, emissions
for all kindergartens in Serbia by clusters for the existing
condition of lighting

S,
=
[oR
: ©
[} = oy o
o : = | & S5
6poj L. ©y 2 g 5 S2
[oR o ]
knactep | spviha %% 58 35 E % 3 g
+— c () o
cluster number - = % 2 o c8 = 28
ofkinder- | £ 5 = o= = _ & =
S e S99 8 & SsScE S ©
gortens | £ 8 £®o0 (£E885 |£8
[m?] [GWh/a] [GWh/a] [tCOy/al
Al 236 38.704 033 1,09 359
A2 100 55.000 047 1,55 510
B1 184 49680 042 1,40 461
B2a 128 76.800 0,65 2,16 712
B2b 117 140.400 1,20 3,96 1.302
C1 323 58.140 0,46 1,52 502
(@) 897 1.089.855 8,70 28,71 9439
c3 309 684.435 5,46 18,03 5927
D2 187 187.000 1,70 5,62 1.847
D3 110 253.000 2,81 9,27 3.049
YKYMHO
TOTAL 2.591 2.633.014 22,23 73,35 24111

Y Tabenu 5.6. npuvKazaHe Cy BPeAHOCTU rogulirbe
noTpebHe 1 NpUMapHe eHepruje, Kao 1 em1cKja yribeH-
OMOKCMOA TpynvcaHe Mo KnacTepymMa  HakoH Mpw-
MeHe yHanpehera 1 33 eNeKkTpuuHe MHCTanauvje.
YHanpehere 1 06yxBaTa 3ameHy noctojeher ocBeT/bera
LED ocseTrberbem. [NpopadyHu npukasaHu y Tabenn 5.6
Cy BPLWEHM Ha OCHOBY MPOCEYHOr Tina nocTojeher oc-
BeT/beHba M MPOCEYHOr BPEMEHa Tpajatba YK/by4YeHOCTH
OCBET/bEHA 33 CBaKy KaTeropujy BpTnha. C 0631pom
[la Ce y OKBWPY jefHe KaTeropwje Mory mmatv BpTuhu
Ca PasnuUTMM OCBET/beHEM, 3a NpopadyHe edekaTa
yHanpeherba 3a KOHKpeTHe objekTe BpPTMha MoTPebHO

Table 5.6 provides data for the annual required and
primary energy as well as CO, emissions for all preschool
facilities in Serbia by clusters for Improvement 1 of elec-
trical installations. Improvement 1 includes the replace-
ment of the existing lighting system with LED lighting.
The calculations shown in Table 5.6 were made on the
basis of the average type of existing lighting and the av-
erage duration of lighting on, for each category of kin-
dergarten. Considering that there are kindergartens
with different lighting in one category, for calculating
the effects of improvement for specific kindergartens,
it is necessary to obtain information on the type of the
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je npubasutn MHopMaLmje o Ty noctojeher ocge-
T/berba W AYXKMHW Tpajakba Paja 3a NpoceyaH AaH v Ha
OCHOBY HbMX U3BPLUTU MpopadyHe edekaTa yHanpeherba.

Tabena 5.6. YkynHa notpebHa v npvmapHa eHeprija 3a
OCBET/bEMbE, KA0 1 eMIUCHja YITbeH-AMoKCMAa CBUX BpTUNa
y Cpbujn no knacTeprma HakoH npumMere yHanpeherba 1 3a
eneKTprYHe MHCTanauuje

existing lighting and the length of the work for the aver-
age day as the basis for the calculations of the effects of
improvement.

Table 5.6.Total required and primary energy for lighting and
CO, emissions for all kindergartens in Serbia by clusters for
Improvement 1 of electrical installations

8
=
[oN
¢ © o
o o
= 5| & _ |95
© =
6po] . |83 2| ¢ 5 |§%
knactep | Bptviha 3 g % g s v 2 3 £
cluster number 3 EE Lo I 2 |
} R EC ool ?c 5 20
ofkinder- | £ 5 = o2 =s |E=z_2 |E=
S S0 8 = SN g S
gartens 1 €29 £32¢ |£885 |£8
m?] [GWh/a] [GWh/a] [tCO/a]
Al 236 38.704 0,12 042 138
A2 100 55.000 0,18 0,59 195
B1 184 49.680 0,16 0,54 179
B2a 128 76.800 0,25 0,83 275
B2b 117 140.400 0,46 1,53 503
C1 323 58.140 0,17 0,59 194
2 897 1.089.855 3,39 11,19 3.681
a 309 684.435 2,10 6,96 2.289
D2 187 187.000 0,66 2,17 715
D3 110 253.000 0,89 2,93 966
YKYMHO
TOTAL 2.591 2633.014 842 27,80 9.139

Y Tabenn 5.7. NpvKazaHn Cy pe3ynTatv 3a NoTpebHy
M MPVIMapHY eHeprujy, Kao 1 3a eMUCH]y YITbeH-ANOKCU-
Aa 3a cse BpTuhe y Cpbuju, rpynucaHe no knacteprma
HaKoH NprMmeHe yHanpehera 2 3a enekTpuyHe NHCTana-
umnje. YHanpeherbe 2 0byxBaTa LieHTPan30BaHy KOHTPO-
Ny BELUTAYKOr OCBeT/betba Yy 0bjekTMa. MpopaduyHn npu-
Ka3zaHu y Tabenwu 5.7 cy Takobhe BpLIeH Mo NPUHUMNMMA
Koju cy KopuwheHu koa yHanpehersa 1.

Table 5.7 shows the results for the same types of en-
ergy as well as for CO, emissions in all preschool build-
ings in Serbia by clusters for Improvement 2 of electrical
installations. Improvement 2 includes the central control
of artificial lighting in the buildings, thus introducing the
automatic lighting control system. Calculation principles
were the same as in Improvement 1.
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Tabena 5.7. YkynHa notpebHa v npuMapHa eHepruja 3a
OCBeT/berbe, Kao 1 eMnchja yribeH-anokcmaa cemx sptuha
y Cpbuju no knacTepvima HakoH npumere yHanpeherba 2 3a

eNeKTpnyHe NHCTanaumnje

Table 5.7.Total required and primary energy for lighting and
CO, emissions for all kindergartens in Serbia by clusters for
Improvement 2 of electrical installations

8
=
Q.
b -
o 2] = g ¢
T c RS
6p) £, |83 5| ¥ 5 |57
knactep | Bpviha 2 g g 2 s e 3 g
cluster number S5 Epdo I 2 |vg
» REC 2o o 5 20
ofkinder- | £ 5 = o5 |Z=z_2 |£=2
SIE O S0 8 & S £ S0
gartens | £ 8 £82¢ |£2835 |£8
[m?] [GWh/a] [GWh/a] [tCO/al
Al 236 38.704 0,11 0,38 126
A2 100 55.000 0,16 0,54 179
B1 184 49.680 0,14 049 162
B2a 128 76.800 023 0,76 250
B2b 117 140.400 042 1,39 458
C1 323 58.140 0,16 0,53 176
2 897 1.089.855 3,04 10,05 3.303
a3 309 684.435 192 6,34 2.087
D2 187 187.000 0,60 1,98 653
D3 110 253.000 0,81 2,67 879
YKYMHO
TOTAL 2.591 2633.014 7,62 2517 8.276

Y Tabenn 5.8. npu1KaszaHe Cy BPeAHOCTY roAMLLIFE NO-
TpebHe 1 NpVMapHe eHepruje, Kao 1 ywTeae y eMucu-
VI yITbeH-gMoKcuaa rpynucaHe no Knacteprima HakoH
npumMeHe yHanpehera 3 3a eneKkTpuuHe MHCTanauuje.
YHanpeherbe 3 NpefcTasiba yHanpehere cuctema ayTo-
MaTv3aumje BeWTaukor OCBEeT/berba KPO3 AeTeKTOBaHe
NpWCyCTBa Sbyan y NPoCTopurjama 1 Npunarohasake Hu-
BOA@ OCBET/bEHA Y 3aBUCHOCTM 0ff 100a AaHa. [Mpopauy-
HV NpVKa3aHn y Tabenn 5.8 ¢y Takohe BpLUeHM Mo NpuH-
UMnMma Koju cy kopuheHn ko yHanpehersa 11 2.

Table 5.8 provides information on the total required
and primary energy, as well as CO, emissions in all pre-
school buildings in Serbia by clusters for Improvement
3 of electrical installations. Improvement 3 provides fur-
ther improvement to the automatic lighting system by
detecting the presence of people on the premises and
adjusting the lighting levels according to the time of the
day. Calculation principles were the same as in Improve-
ment 1 and 2.
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Tabena 5.8. YkynHa notpebHa v npvmapHa eHeprija 3a
OCBET/bEMbE, KA0 1 eMI1CHja YIibeH-AMoKcmaa CBrx BpTuha
y Cpbujn no Knacteprma HakoH npumMere yHanpeherba 3 3a

Table 5.8.Total required and primary energy for lighting and
CO, emissions for all kindergartens in Serbia by clusters for
Improvement 3 of electrical installations

eNeKkTpnyHe MHCTaﬂaLI,VIjE

RS
=
Q
s © -
j=a} =
. : < | & |8
6p0) . |83 2| g &8 5%
knactep | spviha 3 g Cg g 55 e 3 g
cluster number S = Eelo 5§ 2|84
- REC oa ¥ o S 20
of kinder- | £ 5 = To-s5 |E=z_-2 |E=
SN SN S sS@mE S8
gartens | £ 29 £gege |£28c8 |¥¢
[m?] [GWh/a] [GWh/a] [tCO/al
Al 236 38.704 0,11 0,36 120
A2 100 55.000 0,15 0,51 170
B1 184 49.680 0,14 0,45 152
B2a 128 76.800 0,21 0,72 238
B2b 17 140.400 0,40 1,32 435
@ 323 58.140 0,15 0,51 168
2 897 1.089.855 2,87 9,47 3.114
a3 309 684435 1,82 6,03 1.982
D2 187 187.000 0,57 1,88 620
D3 110 253.000 0,77 2,54 836
YKYMHO
TOTAL 2.591 2633014 7722 23,83 7.838

Pe3ynTatvi NOCTUIHYTHX ylWTeAa HakoH NpriMeHe aa-
TUX yHanpeherba MpuWKasaHu cy Ha rpadukoHnma 5.5,
5.6.15.7.Y ogHocy Ha nocTojehe cTarbe, Hajgehe ywTeae
ce NoCTuXky 3ameHom nocTtojeher cnucTema OCBeT/bera
LED ocgeTrberem. YHanpehera 2 v 3, Koja obyxsatajy
yBoDhetbe LieHTpanun3oBaHe 1 ayToMaTcKe KOHTpone oc-
BeT/berba, MMajy Marbe edekTe y ogHOCY Ha yHanpehere
1, anu Cy CBakako 3HauajHa ca acmekTa yHanpeherba
eHepreTcke edrkKacHoOCT BPTUNa.

Bpno je buTHO HanomeHy T fia yHanpeherbe eHepreT-
CKe edUKACHOCTH OCBET/bEeHba NOAPasyMeBa, y Hajgehem
6pojy objekaTa MPEeALLKONCKMX YCTaHOBa, MHCTanaumjy
HOBWX CBETWIBbKY, WTO je NpUAnKa fa ce yHanpeam Kea-
NINTET OCBEeT/bEHA W NPWNAroan CTaHAapaMma 3a Npoc-
Topuje oapeheHe HameHe y oBMM ObjekTuMa. VMajyhn
TO Yy BMAY, yHanpehete eHepreTcke eduKacHOCTU Tpe-
6a jeAHOBPEMEHO MOCMaTPaTh U ca yHanpeherbem Kaa-
nvTeTa ocBeTberba. V13 Tor pasnora, 3a ogpeheHe objek-
Te, ca Cnabom BewTaukom ocBeT/beHoWwhy, edekat
yHanpehetrba eHepreTcke eprKacHOCTU Y anconyTHOM
cvmncny Hehe [aTV OYeKkMBaAHO CMakbeHe MOTPOLUHE

The savings achieved by the application of each im-
provement measure are shown in Figures 5.5, 5.6 and
5.7. In comparison to the existing condition, the great-
est savings are achieved by the replacement of the ex-
isting lighting system with LED lighting, while Improve-
ments 2 and 3 include the introduction of centralized
automatic lighting control. Admittedly, the energy sav-
ings in the latter two improvements are lower than those
in Improvement 1, but are certainly significant from the
aspect of energy efficiency.

It is important to note that the improvement of en-
ergy efficiency of lighting implies, in the majority of fa-
cilities in preschool institutions, the installation of new
lamps, which is an opportunity to improve the quality
of lighting and to adapt it to the standards for premis-
es of a specific purpose in these facilities. Bearing this in
mind, the improvement of energy efficiency should be
considered at the same time with the improvement of
the quality of lighting. For this reason, for certain build-
ings with low artificial illumination, the effect of improv-
ing energy efficiency in absolute terms will not give the
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efneKTpuUHe eHepruje anv he obe3beanTn 60/mbIN KBAN-
TeT ocBeT/berba. [padumkoHn 5.5, 5.6 1 5.7, kao 1 nogaum
y Tabenama 5.5, 5.6, 5.7 1 5.8, cy 13BeAeHN Nof NpeTno-
CTaBKOM fa Ce 3afpkaBa NocTojehe CTarbe KBanmTeTa oc-
BET/LEHOCTW Y NMPE/LLKONCKMM yCTaHOBaMa.

MpadukoH 5.5. MNoTpebHa eHepruja 3a ocBeT/berse [GWh/al

noctojehe crare existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2
yHanpehere 3 improvement 3

MpadukoH 5.6. MprmapHa eHeprija 3a oceeTberbe [GWh/al

noctojehe ctare existing condition
yHanpeherbe 1 improvement 1
yHanpehere 2 improvement 2
yHanpehere 3 improvement 3

MpadukoH 5.7. Emncnja yrsen-arokcuaa [t CO /a]

noctojehe crare existing condition
yHanpeherbe 1 improvement 1
yHanpehere 2 improvement 2
yHanpehere 3 improvement 3
YHanpehere eHepreTcke epuKacHOCTU enekTpuy-
HUX WHCTanaumja y BpTMhmMma ycnos/basa M noseharbe
epVKaCHOCTM  UMTaBOr ENeKTPOEHepreTckor — crcTema.
BeluTauko ocBeT/bErbE je NOTPOLWHa Koja MMa BPLWHW Ka-
PAKTEP, Ma Ce HEroBMM CMatberbem MOCTUKE 1 3Ha4ajHO
CMarberbe rybutaka y npeHoCHoj U AUCTPHOY TUBHO) Mpe-
xn (TpuodyHosuh, Mukynosuh, hypuwwrh, Hypuh, Koc-
Tvh, 2009; TpudyHosmh, Mukynoswuh, hypuwuh, Koctuh,
2011). CmarberbeM rybutaka y npeHocy v AncTpmbyumnju
eNeKTpUYHe eHepruje ce A0AaTHO CMarbyje MOTPOLWHA
NpVMapHe eHepruje Koja ce TPOLWW 3a Paj BELLTaYKor OC-
BeT/berba. Ha rpadukoHmnma 5.8, 5.9. 1 5.10 ce youasajy
ywTefie y NoTpebHOj eHeprujy, MPUMapHOj eHeprijy, Kao
1 moryhe cmvarberbe emmcuje yribeH-AMoKCKaa, Hactane
Kao pesynTaT npefsrheHyx naketa obHoBe 3rpaje y of-
HoCy Ha nocTojehe cTarbe. To nogpasymeBa apXUTEKTOH-
cKo-rpaheBMHCKe Mepe Mobosbllarba KapakTepucTmKa
OMOTaua 3rpage, Kao v nobosbluare 1n 3ameHy eneme-
HaTa TEPMOTEXHWUYKOT, eNeKTPOEHePreTCKor cucTteMa MH-
CTanaumja 1 crcTema 3a npunpemy caH1TapHe Tore Boge.

expected reduction in electricity consumption but will
provide better lighting quality. Figures 5.5, 5.6 and 5.7, as
well as the datainTables 5.5, 5.6, 5.7 and 5.8, were carried
out assuming that the existing state of lighting quality in
kindergartens is maintained.

Figure 5.5. Required energy for lighting [GWh/a]

22,23
8,42
7,62
722

Figure 5.6. Primary energy for lighting [GWh/a]

73,36
27,80
2517
23,83

Figure 5.7.CO, emissions [t CO./a]

24.111,93
9.139,00
8.276,76
7.838,80

The improvements of the energy efficiency of elec-
trical installations in kindergartens have significant posi-
tive effects on the increase in the efficiency of the en-
tire electrical power. As a consumption category, artificial
lighting generally has the character of a peak load so that
an increase in its efficiency leads to significant reduc-
tions in the losses in transmission and distribution net-
works (Trifunovi¢, Mikulovi¢, Burisi¢, Buri¢, Kosti¢, 2009;
Trifunovi¢, Mikulovi¢, Burisi¢, Kosti¢, 2011). Thus, there
are additional savings in the levels of primary energy re-
quired for lighting. Figures 5.8, 5.9 and 5.10 present the
savings in the required and primary energy as well as the
reductions in carbon dioxide emissions resulting from
the proposed measures of renovations relative to the ex-
isting condition. These included architectural and con-
structional improvements to the characteristics of the
thermal envelope as well as improvements or replace-
ments of the elements of the thermo-technical systems,
electrical power and energy systems, and the systems for
domestic hot water preparation in the buildings.
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lpadukoH 5.8. YkynHa notpebHa eHeprija 3a rpejarbe,
npunpemy CTB 1 ocseTrbetrbe [GWh/al

noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

lpadukoH 5.9. YkynHa npumMapHa eHepruja 3a rpejaroe,
npunpemy CTB 1 ocseTbetbe [GWh/a] (%)

noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 5.10. YKynHa emmcuja yribeH-auoKCcaa, rpejarse,
npunpema CTB v oceemberve [t CO /a] (%)
noctojehe cTame existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

Moxe ce 3aK/byunTV a Ce CMarbyje v noTpebHa U
npMUMapHa eHepruja ca yBohersem HOBIMX MOOOsbLIaHa, TO
jecT ceako parbe yHanpehetbe faje 1 nobosbliatbe eHep-
retcke edrkacHOCTM 3rpafa. 3a pasvky Of eHepruje,
Kaja je eMmncuja yribeH-auokcmaa y nutarby, yHanpehersa
2 1 3 pajy noajefHake pesynrate. Ha OCHOBY OBOTa je jac-
HO [la HauUMH 1 HKBO yHanpeDherba 3rpafe mMoxe Aa byne
pe3ynTaT MocTaB/beHVIX NPYOPUTET], Y3 0baBe3HY NMpoBe-
Py €KOHOMCKE MCMNaTNBOCTN MPEASIOKEHON MakeTa Mepa.

lpadukoH 5.11. Cmarberbe NoTpebHe eHepruje
Kpo3 yHanpeherba y oaHoCy Ha nocTojehe cTarbe
(rpejatbe, npunpema CTB 1 ocseTrberbe) [%]
noctojehe cTare existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

94

Figure 5.8. Total required energy for heating, DHW preparation,
and lighting [GWh/a]
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Figure 5.9. Total primary energy for heating, DHW preparation,
and lighting [GWh/a] (%)
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Figure 5.10.Total CO, emissions,—heating, DHW preparations,
and lighting [t CO./al (%)
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With respect to energy, the data suggest that there
is a steady reduction in both the required and the pri-
mary energy with each new improvement, ie. every
further upgrade results in better energy efficiency of
the building. By contrast, regarding CO, emissions, Im-
provements 2 and 3 provide equal results. Therefore, the
choice among the proposed packages of measures can
obviously depend on the consideration of the targeted
priorities and its economic viability.

Figure 5.11. Reductions in required energy

by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]
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I 69
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MpadukoH 5.12. Cmarbetrbe NpUMapHe eHepruje
Kpo3 yHanpeheta y oaHOCy Ha nocTojehe cTarbe
(rpejarve, npunpema CTB 1 oceeTberbe) (%)

noctojehe cTarbe existing condition
yHanpeherbe 1T improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

MpadukoH 5.13. Cmatberbe emucyje yribeH- AMoKcnaa
Kpo3 yHanpeherba y OAHOCY Ha noctojehe cTarbe
(rpejarbe, npunpema CTB 1 oceTberbe) (%)
noctojehe ctare existing condition
yHanpeherbe 1T improvement 1
yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

CMmarberbe NoTpebHe ¥ MpUMapHe eHepruje, Kao
N CMatberbe emncuje yribeH-AnoKCnaa Kao pesyntar
NpojeKkToBaHa TP HMBOA YHanpeherba eHepreTcke epu-
KaCHOCTV MpMKasaHu cy Ha rpadurkoHmma 5.11., 5.12. 1
5.13. Kao ocHOB Cy y3eTu nokasaTesbn eHepreTcke edu-
KaCHOCTW 3rpafia y noctojehem cTarby, npe yHanpehersa.
TeHOeHUMja CMatberba MOTpebHe U MpUMapHe eHep-
rvje ca yHanpeberbnMa ce jacHO BMAW: Ca MpuUMerbe-
HMM NakeToM yHanpehera 1 1 noTpebHa eHepruja, Kao
N NpUMapHa eHeprinja ce cMambyjy 3a 30%; Apyrv HMBO
yHanpeherba CMatbyje eHepruje 3a garmoux 25%, [OK ce
Kpo3 Tpehun HMBO yHanpeherba eHepruja cmakbyje 3a
13% (noTpebHa eHepruja) ogHocHO 14% (NpvimapHa
eHeprunja). Ha oBaj HaumH nNoTpebHa eHepruja je cBe-
feHa Ha 31%, a npyMapHa eHepruja Ha 20% y ogHocy
Ha Mo4YeTHYy eHeprunjy koa noctojeher cTarba 3rpaga Bp-
Tvha. EM1cKja yribeH- anokcuaa ce Takohe cmakbyje ca
yHanpeherbnmMa 1 1 2 NCTUM TPEHIOM Kao 1 eHepruje, a
yHanpehetrbe 3 He JOHOCK flalbe CMarberbe OBe emMucHje:
3aApaBa ce BpeHOCT o 35% y ogHOCY Ha nocTtojehe
CTarbe rpaheBMHCKOr GOHAA, Kao M KoA yHanpeherba
NpPUMEHOM ApYror HKBoa. Kako je paHuje Beh pedeHo,
[0 Kor HMBoa he ce 3rpafe yHanpehveatn, 3aBrcuhe 1
Of pe3yntata ONTUMM3ALMOHNX CTyAMja, OOHOCHO eKo-
HOMCKe MCMNNaTMBOCTX MOTPeOHUX ynaraka 3a ycnose
KakBu noctoje y Cpbujn.

Figure 5.12. Reductions in primary energy
by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]
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Figure 5.13. Reductions in CO, emissions
by improvements compared to the existing condition
(heating, DHW preparation and lighting) [%]

I 100

w
o]

The savings in the required and primary energy as
well as the reductions in CO, emissions resulting from
the three proposed levels of energy efficiency improve-
ment are shown in Figures 5.11, 5.12 and 5.13. The exist-
ing condition of the buildings before any improvements
was taken as the base value. The reduction trend in the
required and primary energy with the improvements
is obvious: Improvement 1 results in 30% reductions in
both forms of energy; Improvement 2 leads to further
25% reductions; finally, Improvement 3 results in 13%
and 14% reductions in required and primary energy, re-
spectively. Thus, the required and primary energy are re-
duced to the respective 31% and 20% of initial energy
of the existing condition. Carbon dioxide emissions are
correspondingly reduced with Improvements 1 and 2,
whereas Improvement 3 does not bring further reduc-
tions in this respect: the value of 35% in relation to the
existing condition of the building stock is maintained,
similarly to Improvement 2. As it was previously men-
tioned, the level to which the buildings will improve will
also depend on the results of optimization studies, i.e,
the economic viability of the necessary investments for
the conditions that are pertinent to Serbia.






A period before 1945




HauwvoHanHa Tvnonoruja 3rpaga NpeaLkonckmx yctaHosa Cpbuje National Typology of Kindergartens in Serbia

Al
Al

MpeaLlwkKoncKka ycTaHoBa
NoBpLUMHE Makbe of 500 m?

<50%

Kindergarten
with area less than 500m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme <1919. Year of construction <1919

Bpoj eTaxa Mp Number of floors Gf
MospLnHa (M?) 6pyTo 345 Area (m?) Gross 345
MospLnHa (M?) HeTo rpejaHa 300 Area (m?) Net heated 300
3anpemuHa (m?) HeTo rpejaHa 1225 Volume (m?) Net heated 1225

98

3rpada NpeaLwKoncke yCTaHOBe jeHOCTaBHE OCHO-
Be, Ca YETUPW BaCMUTHe jeauHuLe 1 6e3 Apyrx HameH-
CKMX 1 CEPBUCHMX NPOCTOpa. JefnHuue Hemajy Anpek-
TaH 13na3y ABopuiTe.

PenpeseHTn Cy, MO npasBwWny, nNpu3emHe 3rpage,
CBEAleHe reomeTpuje, MOKPMBEHE [BOBOAHMM KOCUM
KPOBOBMMA, Ca TaBaHCKIM MPOCTOPOM KOjI Ce He KOpWC-
TV 1 6e3 NoA3eMHMX eTaxa (MoAPYMCKMX NpoCTopwja) a
NPO30PCKM OTBOPM Cy MOjefiMHaYHL, YeCcTo Ca enemeH-
TvMa dacaaHe nnacTuvike. MNpeAcTaBHMLM OBOT TMa MOTY
OUTN Y peXxnMMy 3alUTVTe Na TO MOXe YTULATV Ha npole-
Aypy 1 136op Mepa yHanpehera.

The kindergarden building has a simple floor plan,
containing four childcare units and no other comple-
mentary or service spaces. The rooms do not have direct
access to the yard.

The type representatives are generally one-story
buildings of reduced geometry, with a hip roof, an
unused attic and without underground levels (base-
ments); the windows are single openings, usually with
facade plasterwork elements. The representatives of this
type are often listed, which may affect the improvement
procedure and the choice of measures.



3rpafe NPefWwKoNCKMX YCTaHOBa OBOr Tnna paheHe
CY jenHOCTaBHUM TPAAULMOHANHVM TeXHWKama rpahetba.
KOHCTPYKTMBHM CKIOM je MaciBaH, Ca ApBeHoM Mehycn-
PATHOM KOHCTPYKUMjOM (,KapaTaBaH") ¥ KOCKMM [BOBO-
OHVUM KpoBoMm. PacafHu 3vaoBK Cy 06OCTpaHO ManTte-
pWcaHW, Ca eneMeHTMMa [eKOopaTWBHe nnactuke, 6e3
Tepmuyke n3onauuje. Mpo3opn cy ApBeHW, ABOCTPYKY,
Ca Pa3fBOjeHVM KPWAMMA, 3aCTak/beHU jefHOCTPYKMUM
cTaknom. Mofoem cy ca ApBeHOM 060rom, 6e3 Tepmmny-
Ke nsonauuje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

A —nepwuop npe 1945, A - period before 1945

Kindergarden facilities of this type were built using
simple traditional construction techniques. The load
bearing structure is massive, with a basic wooden
construction to the unheated attic, and a hip roof. The
facade walls are plastered on both sides, with plain deco-
rative plasterwork on the exterior and without thermal
insulation. The windows are wooden framed, double-
sashed with single glazing. There is wood flooring with-
out thermal insulation.

Energy class of building — as designed

Qg [%] Q,,, [kwh/(m?a)]
360 270
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31a

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUMja UCnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/mZK)

lNog Ha Ty

YHyTpa Inside

Cnosba Outside

Mantep 2cm, oneka 44cm, mantep 3cm

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

1.10 U (W/m?K)

Cnorba Outside [po3opwu

YHyTpa Inside

3emsba ca nnesom 10 cm, gacke 2.4
cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLKja 6 Cm , ManTep Ha
TPLWYaHOj NOANo3n 3 cm

earth 10 cm, plank 2.4 cm, wood rafters
14/20 cm, wooden substructure 6 cm,
straw-plaster ceiling 3 cm

0.78 U (W/mK)

Ground floor

YHyTpa Inside
_ooww
|

Cnosba Outside

fawyaHy nog 2.2 cm, facke 2.4 cm,
noTnatocHuue 8/5 cm 'y cnojy necka 10 cm,
HabujeHa 3emrba

wood strip 2.2 cm, wooden subfloor 2.4 cm,

sleepers 8/5 cm in 10 cm sand bedding,
rammed earth

047

Cnorba Outside
YHyTpa Inside

[PBEHV 1BOCTPYKM Ca PasMaKHy TV M
Kpunmma (W1poka KyTuja) 1 jeJHOCTPYKMM
CTaKIoM

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

3.50




A —nepwuop npe 1945, A - period before 1945

TepMOTEXHUYKIM CUCTEMU U OCBET/bERbE — NocTojehe ctatbe — HVAC and lighting — existing

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopucHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpalltba paceeTa

Interior lighting

My

Y M3BOPHOM CTatby 3rpafia ce 3arpesarna
nyTem NokanHux 3arpesHuix ypehaja - nehn
Ha yBpCTO ropueo (50% ApBo v 50% yrar).
KacHuje je yrpaheH cuctem LieHTpanHor
rpejarba ca KOTIOM Ha YBpPCTO ropreo (90%
yrasb) v pagvjaTop1ma Kao rpejHum Tenunma.
Originally, local heating stoves (50 % wood
and 50% coal fired) were used for heating
building. The central hydronic heating
system with radiators has been installed
afterwards, using coal fired boiler (90% coal).

Lighting system

¥ A

Y BpTuhy je y n3BopHOM 0bnwky kopuwheHo
MHKa[eCLIEHTHO OCBET/bEtbE, [IOK je Npema
noctojehem CTarby Marbyi jeo objekTa
NOKPUBEH NHKAAECLEHTHVIM OCBET/bEHEM,
a Behu GpnyopecleHTHIM ocBeT/berbem. He
NOCTOjM ayTOMATCKa KOHTPOMA OCBET/bEHbA.
Incadescent lighting was used in the
original form. Nowadays, smaller part of the
kindergarten is lightened with incadescent
lighting and bigger part with fluorescent
lighting. No automatic lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CcHOCTH
npunpeme CaHUTapHe
TOon/e Boge

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[pvinpema caHvTapHe Tonse Boge Huje
6vina npeasuhera npojekTom. aHac

Ce NOTPOLWHa ToMna BOAa npunpema y
enekTpUYHIM 6ojneprma.

Originally, domestic hot water preparation
system was not installed. Nowadays,
domestic hot water is prepared using local
electric water heaters.

0.92

Knsumre cvjanviue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

3rpage NpeaLwKonCKMX yCTaHOBa MUHMMANHMIX Kana-
uuTeTa, U3 HajcTapujer nepvopa, yrnaBHom cy Ctambe-
He kyhe vnn Bune y mehyspemeHy npunaroheHe 3a HOBY
HameHy. Y Hajsehem 6pojy ciydajeBa youaBajy ce enemeH-
TV AeKopaTvBHe dpacajiHe NnacTuvike, a nojeanHn 0bjekTu
Mory 6UTU 1y pexnmy 3awTute. Mpo3opu Cy nojearHau-
HW, Ca XOPW30HTATHOM 1 BEPTMKATHOM NOAENOM; KPOBO-
BU Cy KOCW, CJIOXKEHMW. 3rpajie OBOr TWNa 3uaaHe Cy Tpaau-
LMOHANHUM TeXHMKaMa rpaherba, 6e3 3HaTHMjX Pa3nnKka
Y OHOCY Ha OCHOBHOT TUMCKOT NPEACTaBHYIKA.

The preschool facilities of minimum capacities from
the earliest period were originally residential houses or
villas that were later repurposed. Most buildings have
decorative plasterwork elements on the facade exterior,
and some are protected as cultural heritage. The single
windows are in horizontal and vertical alignment, while
the roofs are complex, pitched constructions. All build-
ings of this type were built using traditional building
techniques, without significant differences in compari-
son to the basic representative of the type.



A —nepwuop npe 1945, A - period before 1945

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

YHanpehetrbe 3

Improvement 3

V3onoBarbe dacapgHMX 31A0Ba KOHTAKTHOM TepMOM30onaLMoHOM (acafom. Yrpafra Hosux nposopa of [BLL npoduna ca ABOCIOJHUM
301aLMOHNM HUCKOEMUCUOHIUM CTaK0-NakeToM (obpa 3anT1seHoCT).

Thermal insulation of facade walls with a contact fagade system. Installation of new PVC windows with double-glazed low-emissivity glass
unit (good air-tightness).

1130n0Barve dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM30NALMOHOM hacafom. M3onosarbe MehycnpaTHe KOHCTPYKLUYMjE Ka HerpejaHoM TaBaHy
Y3 MUHUMATHY PEKOHCTPYKLM)y Cnojesa. V3onoBare nofa Ha Ty y3 NOTRyHy PEKOHCTPYKUM]y cnojesa. Yrpafrba HOBKX npo3opa og MBL
npodwna ca ABOCNOJHIM M30MaLMOHUM HACKOEMUCUOHMM CTaKNO-NaKeToM (Cpearba 3anTVBEHOCT). YrpaHa HOBWX YNa3HIUX APBEHVX BpaTa
Ca TepPMOU30MaLMOHOM UCMYHOM.

Thermal insulation of fagade walls with a contact fagade system. Insulation of floor structure to unheated attic, with minor reconstruction of
existing layers. Insulation of ground floor, with total layers reconstruction. Installation of new PVC windows with double-glazed low-emissivity
glass unit (mid-range air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

1130n0Batse dacagHnx 3MA0Ba KOHTAKTHOM TEPMOMU3ONALMOHOM dacafom. M3onosarbe MehycnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy
Y3 MUHUMANHY PEeKOHCTPYKUWjy CrojeBa. V13onoBarbe Nopa Ha Ty y3 NOTMyHy PEKOHCTPYKUMjy CrnojeBa. Yrpafrba HOBMX Mpo3opa of
KOMMO3WTHMX NPOodUna ca TPOCIOJHUM V30NaLMOHUM HUCKOEMMCUOHMM CTakIo-NakeTom (Aobpa 3anTvBeHOCT). Yrpadtba HOBUX ynasHuX
APBEHVX KOMMO3WTHYX BPaTa Ca TepMOU30ALIMOHOM VCTYHOM.

Thermal insulation of facade walls with a contact facade system. Insulation of floor structure to unheated attic, with minor reconstruction
of existing layers. Insulation of ground floor, with total layers reconstruction. Installation of new composite windows with triple-glazed low-
emissivity glass unit (good air-tightness). Installation of new entrance composite doors, with thermal insulation infil.
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31

External wall

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUMja NCMOA
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnorba Outside

Mantep 2 cm, oneka 44 cm, mantep 3 cm,
Tepmonsonaumja 10 cm, mantep 1 cm

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

0.28

Cnospa Outside

YHyTpa Inside
HEMA V3MEHA

NO CHANGES

0.78

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 44 cm, mantep 3 cm,
Tepmomsonauuja 10 cm, mantep 1 ¢cm

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

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 44 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1 ¢cm

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

0.16

Cnosba Outside

[a e e

OB A DS
COOOCY

YV NEY

YHyTpa Inside

ME donwja, Tepmomzonauywvja 15 ¢cm, aacke
2.4 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLUWMja 6 CM , ManTep Ha TPLIYaHo)
nognosn 3cm

PE foil, thermal insulation 15 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.19

Cnorba Outside

YHyTpa Inside

[ME dponwja, Tepmomsonaymja 25 cm, gacke
2.4 cm, TaBatbaue 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLIYaHoj
noano3n 3cm

PE foil, thermal insulation 25 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.13




A - nepuog npe 1945. A - period before 1945

CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

YHanpehetbe 1 Improvement 1

YHanpehetbe 2 Improvement 2

YHyTpa Inside

YHanpebherbe 3 Improvement 3

YHyTpa Inside

MNog Ha Ty ‘YHyTpa Inside
| el
— 67 7
!
Ground floor ]
i | |
Cnosba Outside Cnosba Outside Cnosba Outside
HEMA N3MEHA napkeT 2.2 Cm, LUeMEHTHa Kolyrbuua 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLysbuLa 4 cm,
— Tepmowusonauymja 5 cm, xmgpousonaynja Tepmomsonauuja 10 cm, xvapounsonauuja
NO CHANGES 1cm, 6eToHcKa nnoya 10 cm, wibyHak 10cm,  1cm, 6eToHcka nnoya 10 cm, wisyHak 10cm,
HabujeHa 3emrba HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal — parquet 2.2 cm, cement screed 4 cm,
insulation 5 cm, hydro insulation 1 cm, thermal insulation 10 cm, hydro insulation 1
concrete 10 cm, gravel 10 cm, rammed earth  ¢cm, concrete 10 cm, gravel 10 cm, rammed
earth
U (W/mK) 047 028 0.20
Mpo3opu 3 b S bl b 3
- E z 2 2 2 £
@) © O © O ©
. o Q aQ
Windows g = 3 4 3 4 S
g > e > 2 =
(o] (@) (@]
IBL| ca ABOCNOJHUM HUCKOEMUCUOHMM IBL| ca ABOCNOjJHUM HUCKOEMUCUOHUM KoMMo3uTHY Npodun ca TPOCIOjHM
CTaK/0o NakeTom CTaK/Mo NakeTom HUCKOEMUCHOHWM CTaKNO NakeToM
— — NCNYHEHWUM VHEPTHUM racom
"PVC, double glazed low-E glass unit, "PVC, double glazed low-E glass unit, —
inert gas filling” inert gas filling” Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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CucTem rpejama 3rpage — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdukacHocT n3Bopa
Tonnote

Heat source efficiency

EdunkacHocT cnuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tonne Bojge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1
-

= v

3aapkaH je noctojehn cuctem rpejarba
NPOCTOPa: LIeHTPaNHO rpejarbe ca KOTIOM Ha
YBPCTO rOpMBO (yrasmb).

The existing heating system is retained:

central hydronic system with coal fired boiler.

EnexkTpuuHm akymynaumon 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

KoTao Ha yrasm 3amMerbeH je KOTIoM Koju
KOpU1CTU ApBHY 61omacy (nener).

Coal fired boiler is replaced with the boiler
that uses wood biomass (pellet)

091

EneKkTpuuHm akymynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

e
5

Yrpaftba KOMMNPeCopcKe TOMOTHE Mymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air source heat pump with
hydromodule.

30

2.88

TonnoTHa nymna Basayx/BoAa
1 CONapHu cncTem

Air source heat pump and solar panels



A —nepwuop npe 1945, A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3amerba nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ametba nocTojeher oceeTrbetba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

65%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

67%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHM ryouLn

- 19% 14%
Heat losses 19%
(%]
43% 4% 67%
() TpaHCMUCHOHH ry6uLm — transsmission losses BEHTVNALMOHM rybuum — ventilation losses ywreae — savings

TpaHCMUCKOHM YoM 400 400 400 400
Transmissive losses 350 350 350 350
[W/K] 300 300 300 300

250 250 250 250

200 200 200 200

150

100

150 I 150 150
100 I I 100 II 100
II I .

12 3 4 5 12 3 4 5 12 3 4 5 12 3 4 5

w
o
w
o
w
o

1- Cnosballiby 31, 2- NPo30pHu, 3- yasHa BpaTa, 4- MehycnpaTtHa KOHCTPYKUMja MCMOA HEerpejaHor TaBaHa, 5- nof Ha Ty
1- external wall, 2- windows, 3- doors, 4- floor structure to unheated attic, 5- ground floor

CneunduuHa rogmirba 212 270

notpebHa eHeprija 3a V v
| |

rpejaH;e kWh/m? a
= <12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

[kWh/m?a] A A A



A - nepuog npe 1945. A - period before 1945

YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 117982
;inal energy Y
]
[kWh/a] [ | | [ [ [
0 50 100%
A A A
6.8% 34.5% 552%
lMpymapHa eHepruja 143473
v

e eney - ]
| | | | |
[kwh/a] 0 A A 50 A 100%

11808 20076 81035
82%  14.0% 56.5%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa

@

47557

oy sission e - ]
architectural and HVAC :
improvement 0 A A 50 A 100%

-4

5320 27598
kg/al 112% 58.0%
Emncuja CO, HakoH ® H 8
yHanpebherba cnctema 2756

pacsete v

lighting improvement o
A AA 5° o

[kg/al 921 971 1064
33.4% 35.2% 38.6%

Q-+ @+= @

o —

| | |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE yHanpeherse 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |
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MpeaLlwkKoncKka ycTaHoBa
noBpLUnHe 500-2000 m?

L

Kindergarten
with area 500-2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1922. Year of construction 1922

Bpoj eTaxa Cy+Mp+1 Number of floors B+Gf+1
MospLnHa (M?) 6pyTo 500 Area (m?) Gross 500
MospLnHa (M?) HeTo rpejaHa 380 Area (m?) Net heated 380
3anpemuHa (m?) HeTo rpejaHa 1270 Volume (m?) Net heated 1270

MNpenpaTHe 3rpafe y KojuMa ce flaHac Hanase npeaL-
KOJICKe YCTaHOBe Hajuelhe Cy MHWLMjANHO NPOjeKTOBa-
He Ca ApYroM HaMeHOM Ma HemMajy apXUTEKTOHCKM CKIIOM
KOjU MOXe OArOBOPUTK CBUM CaBpemMeHUM GYHKLMO-
HanHUM 3axTeBMMa. Kako ce paan o objekTnma Koju cy
HelwTo Behe NoBpLWHE, OHK Cy 6e3 063Mpa Ha NPBOOUT-
Hy HamMeHy GUNM NPOJEKTOBaHM Kao AOHEKNE penpe3eH-
TaTVBHa 3Aakba BeNVX CNpaTHUX BUCKHA.

MOKpMBEHE Cy KOCKM KPOBOBMMA, Ca TaBaHCKUM
NPOCTOPOM KOju Ce He KOPUCTK, @ Y NOjeinHNM Crlyyaje-
BMMa MoCeflyjy W HerpejaHe mMoapymcke npoctopuje.
Mpo3opckn OTBOPU Cy nojerHayHy, 6e3 3awTtute of
CyHUa UM Ca NIaTHEHKM poJieTHama.

Pre-war buildings that are presently used as kinder-
garden facilities were most often initially designed for
other purposes so that their architectural composition
cannot fulfill all the current functional requirements.
Regardless of their original purpose, they were designed
as rather representative buildings so that they have a
relatively large area and more floors.

The roofs are hipped; there is an unused attic space
and an occasional unheated basement. The window
openings are single, without sun protection or with
canvas roller blinds.



3rpafe oBoOr TMna paheHe Cy TPAANLUMOHANHUM Tex-
HVKama rpahetba. KOHCTPYKTMBHYM CKOM je MackBaH, ca
NPYCKVM CBOZIOM M3Ha[ NoApyma, ApBeHOM Mmehycrnpat-
HOM KOHCTPYKLIMjOM (,KapaTtaBaH”) 1 KOCKM BULLEBOAHVM
Kposom. MacafHn 31a0BK Cy 0BOCTPAHO ManTepuCaHu,
HEW30/10BaHW, Ca eneMeHTMa AEeKOPaTVBHE MacTuKe.
Mpo30opw Cy APBEHW, [BOCTPYKY, Ca Pa3faBOjeHNM Kpui-
NMMa, 3aCTak/beHN jedHOCTPYKMM CTaknom. Moposu cy
npBeHn (bPOACKM NMoA UKW NMapKeT) Ha NOTNaTOCHULaMa
y Mecky.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

A —nepwuop npe 1945, A - period before 1945

The buildings of this type were built using tradition-
al construction technologies. The primary structure is
massive, with the Prussian vault as the floor construction
to the basement, a traditional simple wooden construc-
tion between floors and to the attic, and a hip roof. The
facade walls are plastered on both sides with some exte-
rior decorative plasterwork, and without thermal insula-
tion. The windows are wooden framed, double-sashed
with single glazing. The wood flooring (strip or parquet)
was placed on sleepers.

Energy class of building — as designed

Qe %] Q,,, [kwh/(m?a)]
330 248
<15
<25
B <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnospalltbm 3ma 1

External Wall 1

U (W/m?K)

Cnosballtby 31 2

External Wall 2

U (W/m?K)

MehycnpatHa
KOHCTPYKLUMja 13Hag
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?*K)

YHyTpa Inside

Cnosba Outside

Mantep 2cm, oneka 44cm, mantep 3cm

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

1.10

YHyTpa Inside
Cnosba Outside

Mantep 2cm, orneka 29 cm, mantep 3cm

plaster 2 cm, brick wall 29 cm, plaster 3 cm

148

YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, gacke 2.4 cm, NoTnaTtocHuLe

(8/5cm ) y cnojy necka 10-30 cm, oneka
14cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-30 cm sand bedding,
brick vault 14 cm

1.05

31 Ka cycejHoM
objekTy

Wall to the adjacent
building

U (W/m?K)

MebhycnpaTHa
KOHCTPYKLIMja 1cnog
HerpejaHor TaBaHa

Floor structure to
unheated attic

U (W/m?K)

Npo3opwu

Windows

U (W/m?K)

YHyTpa Inside
Cnoma Outside

ManTep 2 cm, oneka 29 cm, Mantep 3 cm

plaster 2 cm, brick wall 29 cm, plaster 3 cm

1.40

Cnorba Outside

T

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke 2.4

cm, TaBarbaye 14/20 cm, apBeHa
MNOTKOHCTPYKLWja 6 Cm, ManTep Ha TpLIYaHoj
noano3n 3cm

earth 10 cm, plank 2.4 cm, wood rafters
14/20 cm, wooden substructure 6 cm,
straw-plaster ceiling 3 cm

0.78

Cnorba Outside
YHyTpa Inside

[lpBeHr ABOCTPYKM Ca pa3MakHy UM
Kpvnvma (LMpoKa Ky Twja) 1 jeAHOCTRYKIM
CTaKNOM

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

3.50




A —nepwuop npe 1945, A - period before 1945

TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUNCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bema

YHyTpalltba paceeTa

Interior lighting

Y M3BOPHOM CTatby, BPTVH Ce 3arpesao
CUCTEMOM LIEHTPASHOT rpejarba, Ca KOTIOM
Ha TeuHo ropveo. KacHuije je cuctem 3a
rpejarbe NoBe3aH Ha TomaHy Koja Kao
113BOP TOM/IOTE KOPUCTV NPUPOAHN rac.
Originally, central heating system with liquid
fuel fired boiler was used for heating. Later
on, the same heating system was connected
to district heating system with natural gas
fired plant.

Lighting system

¥ A

Y BpTuhy je y n3sopHom obnnky kopuwheHo
MHKa[eCLEHTHO OCBETIbEbE, [IOK je MpemMa
noctojehem CTary Lleo objekaT NoKpvBeH
dnyopecLeHTHVM OCBeT/bereM. He nocToju
ayTOMaTCKa KOHTPOSa OCBET/berba.
Incadescent lighting was used in the original
form. Nowadays, complete kindergarten

is lightened with fluorescent lighting. No
automatic lighting control.

Cuctem npunpeme
CaHWTapHe Tonne Boae
Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTK
npunpeme caHvTapHe

TOrs1e Bofje

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

[pvinpema caHvTapHe Tonse Boge Huje
6vina npeasuhera npojekTom. aHac

Ce CaHWTapHa Tomnna Bofa npunpema y
enekTpUYHIM 6ojneprma.

Originally, domestic hot water preparation
system was not installed. Nowadays,
domestic hot water is prepared using local
electric water heaters.

092

0.5 1

.

KrsuHe crjanuue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

3rpafe NpPeAWwKoNCKMUX yCTaHoBa OBOTr Tna rpahe-
He Cy, CBOjeBpemMeHO, Kao penpe3eHTaTnBHM CTambe-
HY 00jeKTN 1 BpemMeHOM Cy npunaroheHe HOBOj Hame-
Hu. Qacage vmajy Marbe 1w BuLIe pa3BujeHe enemeHTe
JeKopaTvBHe nnactuke, a dacafgHu OTBOPW Cy Moje-
AMHAYHK, HewTo BeNMX AMMeEH3Wja, ca oarosapajyhom
nopenom. KpoBoBM Cy KOCK, CIIOXKEHM, YeCTO MOoByYe-
HW 133 fekopaTnBHO obpaheHor BeHua. CBe 3rpafe cy
3vAaHe TPAAULMOHANHMM TEXHUKaMa: MaclBHM Hocehn
31O0BM Of MyHe Oneke, ApBeHe TaBaHMUe HafA3eMHNX
eTaka v NPYCKM CBOA M3HaA noapyma. MNojeanHi objektn
Mory 6uTn y ogpeheHom pexmmy 3alutmTe.

The preschool buildings of this type were originally
built as representative residences and were later convert-
ed to new use. The exterior facade shows some decora-
tive plasterwork and single, relatively large openings are
adequately aligned. The roof is a hipped construction,
often recessed behind a decorated cornice. All buildings
were constructed using traditional techniques: massive
load-bearing walls of solid brick, wooden floor construc-
tions to the aboveground levels and the Prussian vault
to the basement. Certain buildings can be protected as
cultural heritage.



A —nepwuop npe 1945, A - period before 1945

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

YHanpehetrbe 3

Improvement 3

V3onoBarbe dacapgHMX 31A0Ba KOHTAKTHOM TepMOM30onaLMoHOM (acafom. Yrpafra Hosux nposopa of [BLL npoduna ca ABOCIOJHUM
301aLMOHNM HUCKOEMUCUOHIUM CTaK0-NakeToM (obpa 3anT1seHoCT).

Thermal insulation of facade walls with a contact fagade system. Installation of new PVC windows with double-glazed low-emissivity glass
unit (good air-tightness).

1130n0Barve dacagHnx 3MaoBa KOHTAKTHOM TepMOoV30naLMoHoM dacafom. V3onoBare MehycnpatHe KOHCTPYKUMje Ka HerpejaHom TaBaHy,
Y3 MUHUMaTHY PeKOHCTPYKUMy noctojehrx cnojesa. M3onosarbe MehycnparHe KOHCTPYKLMjE Ka HerpejaHoM CyTepeHy npeko noctojehmx
cnojesa. Yrpafrba HoBUX npo3opa of MBL npoduna ca ABOCNOjHMM M301aUMOHNUM HUCKOEMUCUOHUM CTaKNO0-MNakeToM (CpeHba 3anTBEHOCT).
Yrpadta HOBYX YNa3HMX APBEHMX BPaTa ca TEPMOV30M1aLIMOHOM UCTYHOM.

Thermal insulation of fagade walls with a contact facade system. Insulation of floor structure to unheated attic with minor reconstruction of
existing layers. Insulation of floor structure to unheated basement over existing layers. Installation of new PVC windows with double-glazed
low-emissivity glass unit (mid-range air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

1130n0Batse dacagHnx 3MA0Ba KOHTAKTHOM TEPMOMU3ONALMOHOM dacafom. M3onosarbe MehycnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy
Y3 MUHUMaTHY PeKOHCTPYKUMy noctojehinx cnojesa. M3onosarbe MehycnpartHe KOHCTPYKUMje Ka HerpejaHoM CyTepeHy npeko noctojehmx
cnojesa. Yrpadtba HOBMX MPO30Pa Off KOMMO3WTHVX NPOodMna ca TPOCNOJHAM M30M1aLUMOHNM HUCKOEMUCMOHUM CTakno-nakeTom (aobpa
3aNTUBEHOCT). Yrpafrba HOBUX YNa3HUX JPBEHVX KOMNO3UTHIX BpaTa Ca TePMOV30M1aLIMOHOM UCTYHOM.

Thermal insulation of fagade walls with a contact fagcade system. Insulation of floor structure to unheated attic, over existing layers. Insulation
of floor structure to unheated basement over existing layers. Installation of new composite windows with triple-glazed low-emissivity glass
unit (good air-tightness). Installation of new entrance composite doors, with thermal insulation infil.

w
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbu 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ua 2

External wall 2

U (W/mK)

31a Ka cycegHoM
o0jeKTy

Wall to the adjacent
building

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

Mantep 2 cm, oneka 44 cm, mantep 3 cm,
Tepmonsonaumja 10 cm, mantep 1 cm

plaster 2 cm, brick wall44 cm, plaster 3 cm,
thermal insulation 10 cm, plaster 1 cm

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, oneka 44 cm, mantep 3 cm,
Tepmomsonauuja 10 cm, mantep 1.cm
plaster 2 cm, brick wall44 cm, plaster 3 cm,
thermal insulation 10 cm, plaster 1 cm

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 44 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1 cm
plaster 2 cm, brick wall 4 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.28
[} (9]
pe pe
S S
£ ‘ 5
g ] <
= — 2
I o
> 5 c
. U

ManTep 2 cm, oneka 29 cm, MmanTep 3 cm,
Tepmowmsonaymja 10 cm, mantep 1 cm

plaster 2 cm, brick wall 29 cm, plaster 3 cm,
thermal insulation 10 cm, plaster T cm

0.30

0.28 0.16

[ () [ [}

2 2 2 2

< 5 < 5

3 © 3 ©

= =

2 5 2 5

= S = 2
] 5

ManTep 2 cm, oneka 29 cm, mantep 3 ¢cm,
Tepmomsonaumja 10 cm, mantep 1 ¢cm
plaster 2 cm, brick wall 29 cm, plaster 3 cm,
thermal insulation 10 cm, plaster 1 cm

ManTep 2 cm, oneka 29 cm, mantep 3 ¢cm,
Tepmomsonaumja 20 cm, mantep 1 ¢cm
plaster 2 cm, brick wall 29 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

1.40

Cnosba Outside

0.30 0.17

v ] v RS ]

hel © hel he)

2 2 2 iz

© 3 © 3

© ©

a I <3 P

> 2 > 2

= 2 = 2
= ez § = - &

rMNC KapToHCKa nnoya 1.25 cm,
MOTKOHCTPYKLMja/ Tepmomr3onaLnja

5cm, manTep 2 cm, oneka 29 cm,

Mantep 3 cm

gypsum board 1.25 cm, substructure/
thermal insulation 5 cm, plaster 2 cm, brick
wall 29 cm, plaster 3 cm

047

rMNC KapToOHCKa nnoya 1.25 cm,
MOTKOHCTPYKLMja / Tepmowsonaumja 10 cm,
ManTep 2 cm, oneka 29 cm, mantep 3 cm

gypsum board 1.25 cm, substructure /

thermal insulation 10 cm, plaster 2 cm, brick
wall 29cm, plaster 3 cm

0.29




A —nepwuop npe 1945, A - period before 1945

CKnonoBu TeEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

MebhycnpaTHa
KOHCTPYKLUWja ncrnoa
HerpejaHor TaBaHa

Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTPYKUMja 13Hag
HerpejaHor nogpyma

Floor structure to
unheated basement

U (W/m?K)

[Mpo3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

=
|

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.78

YHanpehetbe 2 Improvement 2
Cnosba Outside

YHyTpa Inside

IE ponwja, Tepmomsonauyja 15 cm, gacke
2.4 cm, TaBarbaye 14/20 cm, ApBeHa
NOTKOHCTPYKLMja 6 CM , ManTep Ha TpLYaHoj
nogno3n 3cm

PE foil, thermal insulation 15 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.19

YHanpebherbe 3 Improvement 3
Cnorba Outside

YHyTpa Inside

ME donwja, Tepmomrsonauymja 25 cm, packe
2.4 cm, TaBarbaye 14/20 cm, ApBeHa
MOTKOHCTPYKUMja 6 CM , ManTep Ha TpLYaHoj
nognosn 3cm

PE foil, thermal insulation 25 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.13

YHyTpa Inside

Cnospa Outside
HEMA M3MEHA

NO CHANGES

1.05

YHyTpa Inside
== L
NNy

Cnospa Outside

napkeTt 2.2 cm, gacke 2.4 cm, NoTnaTtocHuLe
(8/5cm ) y cnojy necka 10-15 cm,

oneka 14 cm, Tepmonsonaumja 10 cm,
NOTKOHCTPYKUMja, TMINCKapTOHCKa nioya
1.25¢cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-15 cm sand bedding,
brick vault 14 cm, thermal insulation 10 cm,
metal substructure, gypsum board 1.25 cm

0.27

YHyTpa Inside
b e

R R TR

‘\;f XYY XX o

Cnosba Outside

napker 2.2 cm, gacke 2.4 cm, notnatocH1ue
(8/5cm ) y cnojy necka 10-15 cm,

oneka 14 cm, Tepmousonauuja 20 cm,
MOTKOHCTPYKLMja, TMICKaPTOHCKa Niova
1.25cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-15 cm sand bedding,
brick vault 14 cm, thermal insulation 20 cm,
metal substructure, gypsum board 1.25 cm

0.16

i3
==

Cnosba Outside

IMBL| ca ABOCNOJHUM HUCKOEMUCUOHMM

CTakno nakeTom

"PVC, double glazed low-E glass unit,

inert gas filling”

1.40

YHyTpa Inside

YHyTpa Inside

Cnorba Outside

IBL| ca ABOCNOjJHUM HUCKOEMUCUOHUM
CTaKIO NakeToM

"PVC, double glazed low-E glass unit,
inert gas filling”

1.40

Cnosba Outside
YHyTpa Inside

KomMno3uTHu npodui ca TpoCojHAM
HICKOEMVICVOHMM CTaKIO MakeToM
NCYHEHUM UHEPTHIM racoM

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NpOCTOpa: Aa/bUHCKO rpejarbe C KOTIOM Ha
NPUPOAHV rac y ToMnaHw.

The existing heating system is retained:

district heating system with natural gas fired

plant.

092

EnekTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpa: AabVUHCKO rpejatbe C KOT/IOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:

district heating system with natural gas fired

plant.

092

EnekTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMNPeCcopcKe TOMOTHe nymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

TonnoTtHa nymna Basayx/sofa

Air source heat pump



A —nepwuop npe 1945, A - period before 1945

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

30%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

36%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

39%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

450

400

350

300

250

200

150

100

50

17% 17% 12%
40% 58% e
) TpaHCMUCHOonM ry6rLm — transsmission losses BEHTUMALMOHM rybuum — ventilation losses ylwtege — savings
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1- cnosballtby 31g, 2- NPO30pK, 3- ynasHa BpaTa, 4- 3uf Ka CyceHoM 0bjekTy, 5- mefhycnpaTHa KOHCTPYKUWja MCNOA HerpejaHor TaBaHa,
6- MehycnpaTHa KOHCTPYKUMja U3Haa HerpejaHor noapyma — 1- external wall, 2- windows, 3- doors, 4- wall to the adjacent building
5-floor structure to unheated attic, 6- floor structure to unheated basement
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A - nepuog npe 1945. A - period before 1945

YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 129403
;i nal energy Y
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B period 1946-1970




HauwvoHanHa Tvnonoruja 3rpaga NpeaLkonckmx yctaHosa Cpbuje National Typology of Kindergartens in Serbia

MpeaLlwkKoncKka ycTaHoBa
NoBpLUMHE Makbe of 500 m?

<50%

Kindergarten
with area less than 500 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1965. Year of construction 1965

Bpoj eTaxa Mo+Mp Number of floors B+Gf
MospLnHa (M?) 6pyTo 210 Area (m?) Gross 210
MospLnHa (M?) HeTo rpejaHa 170 Area (m?) Net heated 170
3anpemuHa (m?) HeTo rpejaHa 520 Volume (m?) Net heated 520

[NpeacTaBHMLM NPeALKONCKMX YCTaHOBa OBOM TMMa
Cy Npu3emHe 3rpaje jeHOCTaBHe, KOMMAaKTHe OCHOBe.
Objekar je rpaheH HaMEHCKM Kao NpeaLKOoNCKa ycTaHo-
Ba Ca [BE jeiHMLE, KyXMHOM 1 npaTehrm npocTopuma.
JeanHuvue Hemajy oMpeKTaH 13nasy AsopuiTe.

Mcnopa nena objekTa Hanasw ce HerpejaHu Noapym
(ocTaBa 3a orpeB Kojoj ce MPUCTYNa MHTEPHUM CTene-
HULWTEM) @ TaBaHCKM MPOCTOP WCMOA YEeTBOPOBOAHON
KpOBa Ce He KOPWCTU.

OTBOpW Cy NojeAVHauYHV — TPaAWLIMOHANHN BULe-
JefHV NPO30pK HelwTo Behux AuMeH3uja.

The representative buildings of this type are one-
story buildings with a basic compact floor plan. They are
purpose-built kindergarden facilities with two units, a
kitchen and complementary spaces. The childcare units
do not have direct access to the yard.

The unheated basement (a fuel storeroom accessed by
an internal staircase) is located under a part of the build-
ing, while the attic under the hipped roof is not used.

The openings are single-framed, traditional multi-
sash windows of somewhat larger dimensions.



KOHCTPYKTVBHIM CKIOM je MacvBaH, ca apmupa-
HOOETOHCKOM TaBaHWLOM W3Haf MNoApyMa, APBEHOM
MeRyCnpaTHOM KOHCTPYKUMjOM (,KapaTaBaH”) M KOCUM
[BOBOAHMM KpoBoM. (PacafHv 3vAoBM Cy 0OOCTPaHO
MantepucaHn, 6e3 TepmumuKe rsonauvje, ann v 6es ae-
KopaTWBHe MnacTunke Wto oMoryhasa jeHOCTaBHe mepe
eHepreTcke pexabunutauuje dacage. Mpo3opu cy apBe-
HW, 3aCTakibeHW jeaHOCTPYKMM CTaknoMm. [ofosw cy ca
nipBeHOM obnorom 6e3 Tepmumyke r3onauuje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

b — nepuop 1946-1970. B - period 1946-1970

The primary structure is massive with a reinforced
concrete floor to the basement, a basic traditional wood-
en construction for the floors and a pitched roof. The
facade walls are plastered on both sides, without thermal
insulation or any exterior decorative plasterwork, which
enables the implementation of simple energy rehabili-
tation measures. The windows are wooden framed, with
single glazing. The wood flooring is placed on sleepers,
without thermal insulation.

Energy class of building — as designed

Qg [%] Q,,, [kwh/(m?a)]
415 311
<15
<25
_ <50
<100
<150
<200
<250
> 250



CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31a

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUWja MCnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpatHa
KOHCTpYyKLUWja M3Haa
HerpejaHor nogpyma
Floor structure to
unheated basement

U (W/m?K)

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 25 cm, ManTep 3 cm

plaster 2 cm, brick wall 25 cm, plaster 3 cm

1.63

Cnosba Outside

T

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKUWMja 6 CmM , ManTep Ha
TPLWYaHOj NOANo3n 3 cm

earth 10 cm, plank 2.4 cm, wood rafters
14/20 cm, wooden substructure 6 cm,
straw-plaster ceiling 3 cm

0.78

YHyTpa Inside

= = =

Cnosba Outside

napkert 2.2 cm, gacke 2.4 cm, NoTnatocHuLe

(8/5cm ) y cnojy necka 10-30 cm, 6eTOHCKa
nnoya 15cm

parquet 2.2 cm, wooden subfloor 2.4 cm,

sleepers 8/5 cm in 10-30 cm sand bedding,

concrete 15cm

1.11

31A Ka HerpejaHom
npocTopy

Wall to unheated area

U (W/m?K)

lNoa Ha Ty

Ground floor

U (W/m?K)

Npo3opwu

Windows

U (W/m?K)

YHyTpa Inside
JO0aaee
Cnoma Outside

ManTep 2 cm, oneka 12 cm, mantep 2 cm

plaster 2 cm, brick wall 12 cm, plaster 2 cm

2.02

YHyTpa Inside
I

Cnorsba Outside

mmHoneym 0.2 cm, LieMeHTHa KoLy buLa
5cm, xuppow3sonaumja 1 cm, 6eToHCKa
nnoya 10 cm, wbyHak 10 cm, HabujeHa
3em/ba

linoleum 0.2 cm, cement screed 5 cm, hydro
insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

1.36

Cnosba Outside
YHyTpa Inside

[IpBeHW ABOCTPYKM Ca CMOjeHNM KpUanma v
JeAHOCTPYKMM CTaKoM

wooden, double frame, connected sash with
single glazing

3.30




b — nepuop 1946-1970. B - period 1946-1970

TepMOTEXHNYKM CUCTEMU 1 OCBETIbEREe — nocTojehe ctatbe — HVAC and lighting — existing

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUNCHOCTH
cncrtema rpejaH:a

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby 3rpafia ce 3arpesarna
nyTem flokaHyx 3arpesHux ypehaja - nehu
Ha yBpCTO ropueo (50% ApBo v 50% yrar).
KacHwije je yrpaheH cuctem nokanHor
rpejarba ca nehrma Ha NPYPOAHH rac
Originally, local heating stoves (50 % wood
and 50% coal fired) were used for heating .
Later on, local heating system with natural
gas fired stoves was installed.

Lighting system

¥ A

Y BpTuhy je y n3sopHom obnnky kopuwheHo
MHKaAECLIEHTHO OCBET/bEtbE, [IOK je Npema
noctojehem cTarby Marbk fjeo objexTa
NOKPUBEH NHKAECLEHTHVIM OCBET/bEHEM,
a Behu GpnyopecleHTHIM ocBeT/berbem. He
NOCTOjM ayTOMATCKa KOHTPO/a OCBET/bErbaA.
Incadescent lighting was used in the
original form. Nowadays, smaller part of the
kindergarten is lightened with incadescent
lighting and bigger part with fluorescent
lighting. No automatic lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTH
npunpeme caHnTapHe
TOre Boae

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[Mprnpema caHnTapHe Tomne Boae Huje
6vina npeasuhera npojekTom. aHac

Ce CaHWTapHa Tomnna Boaa npunpema y
enekTpUYHIM 6ojneprma.

Originally, the system for domestic hot water
preparation was not installed. Nowadays,
domestic hot water is prepared using local
electric water heaters.

0.92

.

KueuHe crjanuue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

Matbe npefLKoncke ycTaHoBe rpahere y nocnepart-
HOM Mepwvofy, YrNaBHOM Cy HaMeHCKM rpaheHe npunsem-
He 3rpafe jeHOCTaBHe reomeTpuje 1 matepujanmnsauunje.
Cacroje ce off HEKOMMKO CMeLTajHVX jednHMLa, Matbe
KyXWHbe 1 OCHOBHMX NpaTehmx npocTopa.

KOHCTPYKTUBHM CKAOM je MacKBaH (31A0BM of nyHe
oneke wnu rmtep B60oKa), KPOBOBW Cy KOCK, TPAAWLU-
OHasHe ApBeHe KOHCTPYKUMje, a NofoBM paheHn Ha
6eToHCKOj nnoyw, 6e3 Tepmonszonauunje. GacagHn oTBo-
pu Cy Yy BUAY NOjeAnHaYHMX Npo30opa Koju Cy Y nojean-
HUM CllyYyajeBMMa CNOjeHI Tako Aa UCMyHaBajy NpoCcTop
YHYTap jeJHOr KOHCTPYKTUBHOT pacTepa.

Smaller preschool facilities of the post-war period
were mostly purpose-built, one-story buildings of simple
geometry and materialization. They consist of several
accommodation units, a small kitchen and basic comple-
mentary spaces.

The load-bearing structure is massive (walls of solid
brick or cellular block), the roofs are pitched with a tradi-
tional timber structure, and the floors are placed on
concrete slabs without thermal insulation. Facade open-
ings are single windows that in some buildings that
they fill the entire space available by tha load bearing
structure.



b — nepuop 1946-1970. B - period 1946-1970

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

YHanpehetrbe 3

Improvement 3

V3onoBarbe dacapgHMX 31A0Ba KOHTAKTHOM TepMOM30onaLMoHOM (acafom. Yrpafra Hosux nposopa of [BLL npoduna ca ABOCIOJHUM
301aLMOHNM HUCKOEMUCUOHIUM CTaK0-NakeToM (obpa 3anT1seHoCT).

Thermal insulation of fagade walls with a contact fagade system. Installation of new PVC windows with double-glazed low-emissivity glass
unit (good air-tightness).

1130n0Barbe GacagHMX 31A0Ba KOHTAKTHOM TEPMOM30MaUMOHOM Gacafom. V30moBarbe yHYTPaLWHIX 3MA0BA Ka HerpejaHoM npocTopy.
130onoBatbe mehycrnpatHe KOHCTPYKLMje Ka HerpejaHom TaBaHy Y3 MUHMManHy PEeKOHCTPYKLUWjy cnojesa. V3onosarbe mebycnpartHe
KOHCTPYKLUMje Ka HerpejaHom noapymy npeko noctojehux cnojesa. V3onosarbe NoAa Ha Ty y3 NOTNYHY PEKOHCTPYKUM]y CnojeBa. Yrpagrba
HOBMX Npo3opa oA MBL npodwna ca ABOCNOJHAM M30MaLMOHUM HCKOEMVICUOHMM CTaKO-NakeToM (Cpedrba 3anT1BEHOCT). Yrpadka HOBYIX
YNa3HUX ipBEHVIX BPaTa Ca TepMOU30aLMOHOM UCMYHOM.

Thermal insulation of facade walls with a contact facade system. Thermal insulation of interior walls to unheated area. Insulation of floor
structure to unheated attic, with minor reconstruction of existing layers. Insulation of floor structure to unheated basement over existing
layers. Insulation of ground floor, with total layers reconstruction. Installation of new PVC windows with double-glazed low-emissivity glass
unit (mid-range air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

130noBatbe GacafHWX 3MAOBA KOHTAKTHOM TEPMOM30MaLUMOHOM Gacafom. M3onoBarbe yHyTPaLWHWX 3MA0BA Ka HErpejaHoM npocTopy.
/130onoBarbe MehycnpatHe KOHCTPYKLMje Ka HerpejaHom TaBaHy Y3 MUHMManHy PeKOHCTPYKLUWjy cnojesa. V3onosarbe mebycnpartHe
KOHCTPYKLUMje Ka HerpejaHom noapymy npeko noctojehux cnojesa. 13onosarse nofa Ha iy y3 NOTNyHY PEKOHCTPYKUMy Cnojesa. Yrpaarba
HOBWX NPO30pPa Off KOMMO3WTHYX NPOodKNa Ca TPOCIOjHVM U30NALMOHNM HICKOEMCUOHUM CTaK/10-NaKkeToM (fobpa 3anTuseHoCT). Yrpaarba
HOBMX YNa3HUX JPBEHX KOMMO3UTHUX BPaTa Ca TEPMOM301aLIMOHOM UCMYHOM.

Thermal insulation of facade walls with a contact fagade system. Thermal insulation of interior walls to unheated area. Insulation of floor
structure to unheated attic, with minor reconstruction of existing layers. Insulation of floor structure to unheated basement over existing
layers. Insulation of ground floor, with total layers reconstruction. Installation of new composite windows with triple-glazed low-emissivity
glass unit (good air-tightness). Installation of new entrance composite doors, with thermal insulation infil.
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CKnonoBu TepMrYKOT oMoTaua — yHanpeherwa — Elements of the thermal envelope — improvements

Cnosballitbu 31

External wall

U (W/m?K)

31 Ka HerpejaHoMm
npocTopy

Wall to unheated area

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUWja 1crnoa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

ManTep 2 cm, oneka 25 cm, Mantep 3 cm,
Tepmonsonaumja 10 cm, mantep 1 cm

YHyTpa Inside
Cnorba Outside

plaster 2 cm, brick wall 25 cm, plaster 3 cm,
thermal insulation 10 cm, plaster 1 cm

0.30

Cnosba Outside

—

|
|
|
|
=

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

2.02

YHyTpa Inside

Cnosba Outside
HEMA N3MEHA

NO CHANGES

0.78

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, oneka 25 cm, mantep 3 cm,
Tepmomsonauuja 10 cm, mantep 1 ¢cm
plaster 2 cm, brick wall25 cm, plaster 3 cm,
thermal insulation 10 cm, plaster 1 cm

YHanpebherbe 3 Improvement 3

R

ManTep 2 cm, oneka 25 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1 cm

YHyTpa Inside

Cnosba Outside

plaster 2 cm, brick wall 25 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.30 0.17

[ o [} [ = = (&)

o °© © ©

5 & 5 5

£ 5 < =

g - g -

= =

> 2 > 2

= e = 2
(@] (@]

TUMNC KapTOHCKa nnova 1.25 ¢cm,
MOTKOHCTPYKLWMja/ Tepmomnsonauuja 5 cm,
ManTep 2 cm, oneka 12 cm, mantep 2 cm

gypsum board 1.25 cm, substructure/

thermal insulation 5 cm, plaster 2 cm, brick
wall 12 cm, plaster 2 cm

0.52

FUNC KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKUWja/ Tepmownsonatmja 10 cm,
ManTep 2 cm, oneka 12cm, Mantep 2 cm

gypsum board 1.25 cm, substructure/thermal

insulation 10 cm, plaster 2 cm, brick wall
12cm, plaster 2 cm

0.31

YHyTpa Inside

Cnorba Outside

ME donwja, Tepmomnsonaunja 15 cm, gacke
2.4 cm, TaBarbave 14/20 cm, apBeHa
MOTKOHCTPYKUMja 6 CM , ManTep Ha TpLIYaHoj
nogno3n 3cm

PE foil, thermal insulation 15 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.19

YHyTpa Inside

Cnorsba Outside

IME donwja, Tepmomnsonaymja 25 cm, packe
2.4 cm, TaBakbade 14/20 cm, ApBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLYaHoj
noanosn 3cm

PE foil, thermal insulation 25 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.13
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

MebhycnpaTHa

KOHCTPYyKUWja 13Haf
HerpejaHor noapyma

Floor structure to

unheated basement

U (W/m?K)

[log Ha Ty

Ground floor

U (W/m?K)

[Mpo3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

= = =

Cnospa Outside
HEMA M3MEHA

NO CHANGES

1.11

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

napkeT 2.2 cm, facke 2.4 cm, NoTnatocH1Le
(8/5cm ) y cnojy necka 10-30 cm, 6eToHCKa
nnoya 15cm, Tepmousonaumja 10 cm, mantep
1cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-30 cm sand bedding,
concrete 15 cm, thermal insulation 10 cm,
plaster T cm

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnorsba Outside

napkeT 2.2 cm, lacke 2.4 cm, NOTNaToCHuLEe
(8/5cm ) y cnojy necka 10-30 cm, 6eTOHCKa
nnoya 15cm, Tepmonsonaumja 20 cm,
mantep 1 cm

parquet 2.2 cm, wooden subfloor 2.4 cm,
sleepers 8/5 cm in 10-30 cm sand bedding,
concrete 15 cm, thermal insulation 20 cm,
plaster 1 cm

0.16

YHyTpa Inside
I

Cnospa Outside

YHyTpa Inside

Cnospa Outside

YHyTpa Inside

A ARSI A
AAAAAANNIAAAANNAAN s

Cnorba Outside

HEMA N3MEHA napkeT 2.2 Cm, LUeMEHTHa Kowyrbrua 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLysbula 4 cm,

— Tepmownsonaymja 10 cm, xmapousonaymja 1 Tepmowmsonaumja 10 cm, xugponsonauuja 1

NO CHANGES cm, 6eToHcKa nnoya 10 cm, WbyHak 10cm, cm, 6eToHcka nnova 10 cm, wibyHak 10cm,
HabujeHa 3emrba HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm, thermal  parquet 2.2 cm, cement screed 4 cm,
insulation 10 cm, hydro insulation 1 cm, thermal insulation 10 cm, hydro insulation 1
concrete 10 cm, gravel 10 cm, rammed earth  ¢cm, concrete 10 cm, gravel 10 cm, rammed

earth

1.36 0.31 0.31

[} (9] [ (] [ (]

hel ) kel ) ) )

7 % 3 & 3 &

5 £ = < = <

. 8 3 g 3 3

2 I > I > 2 f >

e = e = e =
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[1BLl ca ABOCNOJHUM HUCKOEMUCUOHMM

CTaK/0 NakeTom

PVC, double glazed low-E glass unit,

inert gas filling

1.40

[1BL| ca ABOCNOjJHUM HUCKOEMUCUOHUM
CTaK/10 NakeTom

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

1.40

KoMMo3nTHU Npodui ca TPOCIojHM
HUCKOEMUCHOHIM CTaK/IO MakeTom
NCNYHEHUM MHEPTHUM racoM

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

0.80
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CucTem rpejama 3rpage — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdukacHocT n3Bopa
Tonnote

Heat source efficiency

EdunkacHocT cnuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tonne Bojge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

Yrpaftba LieHTpanHor cuctema rpejatba ca
pafvjatopriMa Kao rpejHim Tenmma. Kao
rOPYBO Ce KOPUCTU MPUPOAHY rac.
Installation of central hydronic system with
radiators. The heating source is natural gas
fired boiler.

0.86

EnexkTpuuHm akymynaumor 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

YrpaaHba LieHTpanHor cuctema rpejatba ca
pazfunjaTopyma Kao rpejHvM TenviMa. Pag

Ha HIKeM TeMMepaTypcKom pexmnmy. Kao
rOpMBO Ce KOPUCTI NPUPOAHM rac.
Installation of central hydronic system with
radiators. The heating source is natural gas
fired boiler, working with lower temperature
regimes.

092

0.86

EneKkTpuuHm akymynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

e
5

Yrpaftba KOMMNPeCopcKe TOMOTHE Mymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa Nymna Ba3ayx/Bofa vi CONapHu
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

65%

| | |
0% 50% 100%

b — nepuop 1946-1970. B - period 1946-1970

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

67%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3

Originally Improvement 1 Improvement 2 Improvement 3
TonnoTHM ryouLn
_ 13% 13%
Heat losses
%
el 40%

61% 73%
. TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaunoHn rybuum — ventilation losses ywTeae — savings

TpaHCMUCKOHHM ryBuLm 250 250 250
Transmissive losses I

200 200 200 200
[W/K]

150 Ii 150 150 150

100 II 100 100 100

[ | - ||
50 II I 50 I 50 50
1 I I N | REEES NEENEEE

12 3 4 5 6 7 2 3 4 5 6 7 12 3 45 6 7 12 3 45 6 7
1- cnosbalukbK 3uf, 2- NPO30pWw, 3- ynasHa BpaTa, 4- 31 Ka HerpejaHom NpocTopy, 5- MehycnpatHa KOHCTPYKUMja MCMOp HerpejaHor
TaBaHa, 6- MefycnpaTHa KOHCTPYKUWja M3HaA HerpejaHor Noapyma, 7- Nog Ha Tny — 1- external wall, 2- windows, 3- doors, 4- wall to
unheated area, 5- floor structure to unheated attic, 6- floor structure to unheated basement, 7- ground floor

CneuydunuHa roauiitba

noTpebHa eHepruja 3a % %
rpejarbe | | kwh/m?a
Specific Heating Energy <15 <100 <150 <200 <250 >250 rel %

[kWh/m?a]

SEITECIERET _
A A

102 178
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

DurHanHa eHeprija 66796
;inal energy Y
- - ]
[kWh/a] [ [ | [ [ [
0 50 100%
A A A
6.6% 33.1% 556%
lMpymapHa eHepruja 76&2

Primary energy

o —

[kWh/a]

a e 50 n 100%
10980 26906 43463
14.4% 354% 57.1%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX o
1 TEPMOTEXHUYKMX Mepa v

®

oy emission afte .
architectural and HVAC : | | |

A A 50 A 100%

improvement

0
5819 6906 10217
[kg/al 348% 413% 61.0%
Emncuja CO, HakoH ® H 8
yHanpeherba cuctema 316

pacsete v

lighting improvement | I
A AA 5° o
m

[kg/al 104 123
329% 35.1% 38.9%

0 9-+= @

o

| | |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE yHanpeherse 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |
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b2a
B2a

MpeaLlwkKoncKka ycTaHoBa
noBpLUnHe 500-2000 m?

<50%

Kindergarten
with area 500-2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1960. Year of construction 1960

Bpoj eTaxa Mp Number of floors Gf
MospLnHa (M?) 6pyTo 660 Area (m?) Gross 660
MospLnHa (M?) HeTo rpejaHa 575 Area (m?) Net heated 575
3anpemuHa (m?) HeTo rpejaHa 1790 Volume (m?) Net heated 1790

136

CnobogHocTojeha, npr3emHa 3rpafa HaMeHCKM
npojekToBaHa 3a noTpebe NpeAWKONCKe YCTaHOBe.
CacToju ce 113 iBa Kopryca — CMeLTajHOT 1 CePBUCHOT -
noBe3aHa yNasHyM [enoM, a jeAnHuLEe HeMajy AVpPeKTaH
“3nasy asopuwte. Kpos je cnoxeHe reomeTpyje a TaBaH-
CKI NMPOCTOP Ce He KOPUCTH.

OTBOpW Cy NojeAVHauYHV — TPaaWLIMOHANHN BULe-
JefHV Npo3opu HelwTo Behnx AMMeH3uja, Hajuewhe ca
MnaTHeHM poneTHamMa ca yHyTpallHe CTpaHe.

This is a freestanding one-story building, purpose-
built for a kindergarden facility. It consists of two volumes
— foraccommodation and for service — that are connect-
ed by the entrance area, while the units do not have
direct access to the yard. There is an unused attic under
the roof of complex geometry.

The traditional single window openings with multi-
ple sashes are relatively large, usually with interior canvas
roller blinds.



KOHCTPYKTMBHM CKMOM je MacKBaH, Ca 3u00BVMa Of
oneke, ApBeHOM MehyCnpaTHOM KOHCTPYKUMjOM (,Ka-
paTaBaH” ca TPWYaHUM NNadpOHOM) 1 KOCUM CIOKEHWM
KpoBoM. MacafHn 31a0BK Cy 0BOCTPAHO ManTepUCaHu,
6e3 TepmumuKe 13onauvje, anu 1 6e3 aekopaTtreHe nnac-
TVKe WTO oMoryhaea jeaHOCTaBHe Mepe eHepreTcke pe-
xabunutaumje dacage. MNpo3opw Cy ApBEHW, ABOCTPY-
K/ Ca CrojeHUM KPUIMMA, 3aCTakibeHU jefHOCTPYKMM
cTaknom. Mofosw Cy ca ipBeHoM 0610rom 6e3 Tepmmuke
nonaynje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

b — nepuop 1946-1970. B - period 1946-1970

The massive primary structure has load bearing brick
walls, a simple wooden floor construction with a straw
ceiling to the attic, and a complex pitched roof. The
facade walls are plastered on both sides, without ther-
mal insulation or exterior decorative plasterwork, which
enables the implementation of simple energy reha-
bilitation measures. The windows are wooden single-
framed, connected double sashes with single glazing.
The wood flooring is placed on sleepers, without ther-
mal insulation.

Energy class of building — as designed

Qe %] Q,,, [kwh/(m?a)]
285 214
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballtby 3ua 5 3 31[ Ka HerpejaHoM 3 3
— ;: 3 npocTopy é 3
External Wall £ 3 — £ 3
I I
> § Wall to unheated area > 5
mMantep 2 cm, oneka 38 cm, mantep 3 cm ManTep 2 cm, oneka 38 cm, Mantep 3 cm
plaster 2 cm, brick wall 38 cm, plaster 3 cm plaster 2 cm, brick wall 38 cm, plaster 3 cm
U (W/m?K) 123 U (W/m?K) 1.11
Me*r‘)ycn paTHa Cnosba Outside Mo Ha Ty YHyTpa Inside

KOHCTPYKLUWja MCnog — !
HerpejaHor TaBaHa ﬂ Ground floor B
— — I

Floor structure to

. YHyTpa Inside
unheated attic P

Cnorsba Outside
3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKUWMja 6 CmM , ManTep Ha
TPLWYaHOj NOANo3n 3 cm

earth 10 cm, plank 2.4 cm, wood rafters
14/20 cm, wooden substructure 6 cm,
straw-plaster ceiling 3 cm

mmHoneym 0.2 cm, LeMeHTHa KoLwysbuua 5
cm, xuapousonauwja 1 cm, 6eToHcKa nnova
10 cm, wbyHak 10 cm, HabujeHa 3emba
linoleum 0.2 cm, cement screed 5 cm, hydro
insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

U (W/m?K) 0.78 U (W/m?K) 038
Mpo3opu 3 3
- : .
Windows 3 £
2 =S
)

NPBEHV IBOCTPYKM Ca Pa3aBojeHnM
KPWIMMA 1 jeAHOCTPYKUM CTaKIOM

wooden, double frame, double sash with
single glazing

U (W/mK) 350
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TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUNCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby, 3rpajia ce 3arpesarna
CUCTEMOM LIEHTPASHOT rpejarba, Ca KOTIOM
Ha TeyHo ropwBo. KacHuje je cucrem
rpejarba NosesaH Ha TomnnaHy ca KOTIoM Ha
NPVPOAHN rac

Originally, central heating system with liquid
fuel fired boiler was used for heating. Later
on, the same heating system was connected
to district heating system with natural gas
fired plant.

0.75

Lighting system

¥ A

Y BpTuhy je y n3sopHom obnnky kopuwheHo
MHKaAECLIEHTHO OCBET/bEtbE, [IOK je Npema
noctojehem cTarby MarbL fjeo objekTa
NOKPUBEH NHKAAECLEHTHVIM OCBET/bEHEM,
a sehu GpnyopecleHTHIM ocBeT/berbem. He
NOCTOj/ ayTOMATCKa KOHTPO/a OCBET/bErbA.
Incadescent lighting was used in the
original form. Nowadays, smaller part of the
kindergarten is lightened with incadescent
lighting and bigger part with fluorescent
lighting. No automatic lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CTeneH KOPUCHOCTH
npunpeme caHuTapHe
Tonne Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHviTapHa Tonna BoAa npunpema ce 'y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0 0.5 1

.

KreuHe crjanuue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

L2

atd
o

MpeAlKoncKke ycTaHOBe OBOr Twna Hajuelwhe cy
bopmmpaHe Kao rpynaumja HeKONMKO QYHKLMOHANHMIX
LeflMHa MNOoBe3aHMX MPOWVPEHUM KOMyHMKauvjama
3ajefHnuUKMM cagpajnuma. OBjekTW Cy NPU3eMHM, CBaka
GYHKUMOHaNHa rpyna noHaocob je jeHOCTaBHe reomeT-
pvje, anv 3ajefHO UmHe pasyheHy CTpyKTypy. lNojeanHe
jeavHMUe YMajy AnpeKTaH 13fnasy asopuLuTe.

MpeoBnahyje MacWBHW KOHCTPYKTMBHM CK/OM, Ca
310BMMa Of] OMeKe nn rntep 6noka. KpoBoBM Cy pasHo-
BPCHM — KOCW, TpaguLMOHANHe KOHCTpyKUWje, nanT-
KV KOCW WK paBHW, HEMPOXOAHW. [1po30opw Cy ApBeHY,
ABOCTPYKM, BeNUX AVMMEH3Mja M UCMyHaBajy MpPOCTOP
YHYTap KOHCTPYKTMBHOI pacTepa.

Preschool facilities of this type were usually designed
as a group of several functional units mutually connect-
ed by extended communications and common content.
Each functional unit is a one-story building of simple
geometry while as a group they form a complex struc-
ture. Some units have direct access to the yard.

A massive primary structure prevails, with load-bear-
ing walls of brick or hollow block . There is a variety of
roof types: traditional hipped constructions, shallow
pitched, or flat. The windows are large wooden framed
double sashes that fill the entire structural span.



b — nepuop 1946-1970. B - period 1946-1970

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagrea Hoeux npo3opa og MBL, npodwna ca ABOCOJHM U301aLMOHVIM HUCKOEMUCMOHUM CTaKO-MakeToM (4obpa 3anTnBeHoCT).

Installation of new PVC windows with double-glazed low-emissivity glass unit (good air-tightness).

130onoBate dacafHnx 3140Ba KOHTAKTHOM TEPMOM30NaLMOHOM dacafom. V3onoBarbe yHyTpalbKX 3MA0Ba Ka HEerpejaHom npocTopy.
/13onoBarbe mMehycnpaTHe KOHCTPYKLIMje Ka HerpejaHom TaBaHy Y3 MUHUMaHY PEKOHCTPYKUM]Y crojeBa. Yrpaaka HoBKx npo3opa og MBL
npodwna ca ABOCNOJHUM V30MaLMOHUM HUCKOEMUCUOHIM CTaK0-NakeToM (Cpedrba 3anTBEHOCT). YrpaHa HOBWX YNa3HMX APBEHVX BpaTa
Ca TepMOU30/1aLMOHOM UCMYHOM.

Thermal insulation of facade walls with a contact facade system. Thermal insulation of interior walls to unheated area. Insulation of floor
structure to unheated attic, with minor reconstruction of existing layers. Installation of new PVC windows with double-glazed low-emissivity
glass unit (mid-range air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

130noBarbe pacapgHUX 3MA0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. M3onoBarbe YHyTPalbUX 3MA0Ba Ka HerpejaHoM npocTopy.
130noBatbe mMehycnpaTHe KOHCTPYKUMje Ka HerpejaHom TaBaHy Y3 MUHMMANHy PEeKOHCTPYKUMjy CnojeBa. V3onosare noga Ha Ty y3
AeNUMNYHY PEKOHCTPYKLMJY Cnojesa. Yrpadtba HOBKX MPO30Pa Of KOMMO3UTHYX Npoduia ca TPOCIOjHIM U30NaLMOHNM HCKOEMVCUOHIIM
CTakno-nakeTom ([obpa 3anTMBeHOCT). YrpadHba HOBYIX Ya3HMX APBEHMX KOMMO3WTHYIX BPaTa Ca TePMOU301aLMOHOM UCMYHOM.

Thermal insulation of facade walls with a contact fagade system. Thermal insulation of interior walls to unheated area. Insulation of floor
structure to unheated attic, with minor reconstruction of existing layers. Insulation of ground floor, with partial layers reconstruction. Installation
of new composite windows with triple-glazed low-emissivity glass unit (good air-tightness). Installation of new entrance composite doors,
with thermal insulation infil.
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31

External wall

U (W/m?K)

31 Ka HerpejaHoMm
npocTopy

Wall to unheated area

U (W/mK)

MehycnpatHa
KOHCTPYKUWja NCMOA
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 38 cm, mantep 3 ¢cm,
Tepmomsonauuja 10 cm, mantep 1.cm

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

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 38 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1 cm

plaster 2 cm, brick wall 38 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

(] =5 [}
he) be]
2 2
8 .
£ 2
= 2
o U
HEMA N3MEHA
NO CHANGES
1.23
[} =5 = [}
he) he)
2 g
2 :
= 3
s 2
)
HEMA U3MEHA
NO CHANGES

1.11

YhyTpa Inside

Cnosba Outside

rMNC KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKLWja/ TepMomsonaLvja

5cm, MmanTep 2 cm, oneka 38 cm,

manTep 3 cm

gypsum board 1.25 cm, substructure/
thermal insulation 5 cm, plaster 2 cm, brick
wall 38 cm, plaster 3 cm

043

YHyTpa Inside
Cnoma Outside

rMNC KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKUWja/ Tepmowsonaumja 10 cm,
ManTep 2 cm, oneka 38cm, mantep 3 cm

gypsum board 1.25 cm, substructure/thermal

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

0.27

Cnospa Outside

YHyTpa Inside
HEMA V3MEHA

NO CHANGES

0.78

Cnospa Outside

& Y‘ X I 7'/){ X,»Y\‘l‘ P P \\ )\ p
XYY NS

YHyTpa Inside

ME dponwja, Tepmomsonaymja 15 ¢cm, gacke
24 cm, TaBarbade 14/20 cm, ApseHa
MOTKOHCTPYKUWja 6 CM , ManTep Ha TpLI4aHoj
nogno3n 3cm

PE foil, thermal insulation 15 cm, plank

2.4 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.19

Cnoma Outside

}g ) \ )(\ X\ ,/\\ A/
il KX XX

YHyTpa Inside

ME donwja, Tepmomnsonaymja 25 cm, aacke
2.4 cm, TaBarbave 14/20 cm, ApBeHa
MOTKOHCTPYKLUMja 6 CmM , ManTep Ha TpwyYaHoj
noano3n 3 cm

PE foil, thermal insulation 25 cm, plank
24 cm, wood rafters 14/20 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.13
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Noa Ha Ty

Ground floor

U (W/m?K)

[1po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
1
I

Cnospa Outside

YHanpehetbe 2 Improvement 2

YHyTpa Inside
1
I

Cnospa Outside

YHanpebherbe 3 Improvement 3
YHyTpa Inside

BRIV AN RN TR

Cnorba Outside

HEMA N3MEHA HEMA N3MEHA napkeTt 2.2 cm, UeMeHTHa KoLyrbuLa 4 cm,
— — Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES NO CHANGES 1cm, 6eToHcka nnova 10 cm, WwibyHak 10cm,
HabujeHa 3emba
parquet 2.2 cm, cement screed 4 cm,
thermal insulation 5 cm, hydro insulation
Tcm, concrete 10 ¢cm, gravel 10 cm, rammed
earth
0.38 0.38 0.24
[} [ [ () [ (]
he, hel S el el el
é £ § 2 g 2
© © ©
© a I a I o
2 (7 = 2 f > 2 f >
g > e > 2 =
o (@) (@)

IBLl ca ABOCNOjJHNM HUCKOEMUCUOHMM

CTaKno nakeTom

PVC, double glazed low-E glass unit,

inert gas filling

1.40

IBL| ca ABOCNOjJHUM HUCKOEMUCUOHWM

CTaKno Naketom

PVC, double glazed low-E glass unit,

inert gas filling

1.40

KoMno31THM Npodun ca TPOCIojHIM
HUCKOEMUCHOHWM CTaKNO NaKeToM
NCNYHEHVM MHEPTHUM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NpPOCTOpPa: Aa/bUHCKO rpejarbe C KOTIOM Ha
NPVIPOAHW rac y Tonnanu.

The existing heating system is retained:
district heating system with natural gas fired
plant.

EnekTpuuHm akymynaumoxu 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpa: AabVUHCKO rpejatbe C KOT/IOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:
district heating system with natural gas fired
plant.

092

F

EneKkTpuuHM akyMynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMNPeCcopcKe TOMOTHe nymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.
Installation of air-source heat pump with
hydromodule.

30

TonnoTHa Nymna Basayx/Bofa v CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

65%

| | |
0% 50% 100%

b — nepuop 1946-1970. B - period 1946-1970

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

67%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

18% 18%
319%
22%
52% 66%

450

400

350

300

250

200

150

100

13%

() TpaHCMUCHOHN ryBuL — transsmission losses BEHTVNALUMOHM ry6uum — ventilation losses ywTege — savings
450 450 450
400 400 400
350 350 350
300 300 300
250 250
200 200

||
150 150 I 150
] ]
I 100 I I 100 l
- L N
6

100

"HHCCER  NECERED

1 2 3 4 5 6 12 3 4 5 6

i

i -~

i -1

1ECi ')
_-

2 3 4 5 6 1
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TaBaHa, 6- nog Ha Ty — 1- external wall, 2- windows, 3- doors, 4- wall to unheated area, 5- floor structure to unheated attic,
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 171529
;inal energy Y
]
[kWh/a] | | I I I I
0 50 100%
1%9 7%3 1%)2
7.6% 44.2% 77.0%
lMpymapHa eHepruja 197422
v

e ]

|
[kWh/a] 0 a a 50 n 100%
32648 92205 153942
16.5% 46.7% 78.0%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa

oy emission afte . ]
architectural and HVAC

. | [

improvement 0 a 50 a 100%
17303

kg/al 38.8%

Emncuja CO, HakoH ® H 8

yHanpebherba cnctema 5338

pacsete v
- |
CO, emission after
lighting improvement

o —

A z A 50 100%

[kg/al 1785 1879 2061
33.4% 35.2% 38.6%

Q-+ §+= @

| | |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE ﬁ yHanpeherse 1 a yHanpehetbe 2 a yHanpehetbe 3

starting condition usual interventions improvement 1 improvement 2 improvement 3
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526
B2b

MpepwkKoncka yctaHoBa
nospwuHe 500-2000 m?

>50%

Kindergarten
with area 500-2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1958. Year of construction 1958
Bpoj eTaxa Mp+1 Number of floors Gf+1
MospLnHa (M?) 6pyTo 1270 Area (m?) Gross 1270
MospLnHa (M?) HeTo rpejaHa 1130 Area (m?) Net heated 1130
3anpemuHa (m?) HeTo rpejaHa 3845 Volume (m?) Net heated 3845

MNpencTaBHMUM OBOM TWMa MNPefWKONCKe YCTaHo-
Be Cy cnobopHocTojehe, cnpatHe 3rpaje, pPenatTvBHO
pasyheHe ocHoBe. HameHCKM NpojekToBaHa 3a noTpede
NpeaLKONCKe yCTaHOBE, TUMCKa 3rpada uma sehn 6poj
CMeLWTajHUX jeauHumLa v npatehe npocTope 3a pas3nuun-
Te aKTVMBHOCTU.

CBakM BOJMlYMEH MOHA0CO0 MOKPUBEH je MAUTKAM
jeAHOBOAHMM KPOBOM, BE3HM AenoBK Cy paheHn Kao
HEMpPOXoAaH paBaH KPOB, a TaBaHCKM MPOCTOP Ce He
kopucTy. OTBOPY Cy NojearHauHu anv Behrx aMmeH3uja
(MCnyHaBajy Leo KOHCTPYKTUBHM pacTep), Hajuelwhe 6e3
cuUcTeMa 3a 3aliTWTy Of CyHLa.

The representatives of this type of kindergarden facil-
ities are freestanding two-story buildings with a relatively
complex floor plan. Purpose-built for a childcare institu-
tion, the model building has a large number of accom-
modation units and complementary spaces for various
activities.

Each volume has a low single-pitched roof, while the
connecting corridors are covered with a flat roof. The
attic area is not used. Large single window openings fit
the entire structural span and are usually without any
shades or blindes.



KOHCTPYKTMBHM CK/OM je apMMPaHOOETOHCKM CKe-
NeTHW, Ca BUAHUM enemeHTMa Ha dacagm. MebhycnpatHe
KOHCTpYyKUMje Cy cuTHopebpacTe ca TpLdaHuM nnado-
HMMa, @ KOHCTPYKLIMja KOCOT KPOBa Ha Aeny 13Hap cane
cy opBeHe pelweTke. QacagHn 31A0BK Cy 63 TepMmny-
Ke n3onauuje, ca BUAHOM Onekom. [1po3opn Cy ApBeHH,
[BOCTPYKM Ca CnojeHum Kpuivma, a pacagHa bpasapuja
Y YNa3HVIM XONOBMMa 1 XOAHWLMMA je MeTaHa 6e3 Tepmo
npeknaa. Mofosw cy Takohe 6e3 Tepmmnyke 13onauuje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

b — nepuop 1946-1970. B - period 1946-1970

The load bearing structure is in the reinforced
concrete frame system with exposed beams and pillars.
The ribbed floor slabs have straw ceilings, while above
the hall there are wooden thrusses of the pitched roof.
The facade walls with visible brickwork are uninsulat-
ed. The windows are wooden, single-framed connect-
ed double sashes, while the metal fenestration in the
entrance halls and hallways is without thermal breaks.
The floors are also without thermal insulation.

Energy class of building — as designed

Qe %] Q,,, [kwh/(m?a)]
287 215
<15
<25
B <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMMYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosbalutbu 31 3 8 MehycrnpatHa Cnomba Outside
— é 3 KOHCTPYKLIWja NCMOA
External Wall =y 3 HerpejaHor TaBaHCKOr ﬂ
> 5 npocTopa i
ManTep 2 cm, oneka 38 cm, manTep 3 cm i X YhyToa Inside
_ Floor construction to TP
plaster 2 cm, brick wall 38 cm, plaster 3 cm unheated attic cuTHOpebpacTa TaBaHWLa 35 cm, ApBeHa
MNOTKOHCTPYKLWja 6 Cm, Mantep Ha TpLIYaHoj
nognosn 3cm
ribbed concrete structure 35 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm
U (W/m?K) 123 U (W/mZK) 091
Koc kpos Cnosba Outside PaBaH KpoB Cnorsba Outside
_ _
Pitched roof Flat roof
R ———
YHyTpa Inside YHyTpa Inside
CanoHwuT, neTee 8/5cm, Tep xapTuja, POrosu nguyﬁ;f‘s?'c mﬂﬁﬁgjggzu:ﬂefgem%
12/14cm, nnove of ApBeEHE ByHe 5 cm, ByHey5cm 6eTOH’ sanan MVIHp4CI’n
nacke 2.2/10 Ha pa3maky og 50 cm, pelueTka CMTHOpe6lpaCTa TaBaHnLa 35 cm lngeHa
100 cm, AallyaHo naaTHo 2.2 cm HOTKOHCT . g "
- pyKUMja 6 Cm, ManTep Ha TpLYaHoj
asbestos-cement roof sheet, battens 8/5cm, TMOBM 3cm
_rooﬁng paper, wood rafters 12/14, thermal gravel 6 cm, hydro insulation, cement
‘r};ﬁlfsngggr;@vévéggifeg:gtago:{%b om screed 3cm, thermal insulation 5 cm (wood-
Eei ho) ) \anl;s 29 P cement board), lightweight concrete to fall
9ht, p : min. 4cm, ribbed concrete structure 35 cm,
wooden substructure 6 cm, straw-plaster
ceiling 3cm
2
U (W/m?K) 0.89 U (W/mK) 056
Mon Ha TNy YHyTpa Inside Mpo3opu 3 s}
_ | _ 8 =
| . o S
Ground floor 5 Windows 3 e
i o I
| c >
! (@]

Cnosba Outside

nuHoneym 0.2 cm, LemMeHTHa KoLy buua 3
cm, 6eTOHCKa nnoYa 6¢m, X1apovisonaumja
1 cm, 6eToHCKa nnoyva 8 cm, WibyHak 10 cm,
HabujeHa 3emrba

linoleum 0.2 cm, cement screed 3 cm,
concrete 6 cm, hydro insulation 1 .cm,
concrete 8 cm, gravel 10 cm, rammed earth

041 U (W/m?2K)

APBEHV JBOCTPYKM Ca CNOJeHM KpUaMa 1
JeAHOCTPYKMM CTaKIoM

wooden, double frame, connected sash with
single glazing

3.30
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TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUNCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby, 3rpajia ce 3arpesarna
CUCTEMOM LIEHTPASHOT rpejarba, Ca KOTIOM
Ha TeyHo ropwBo. KacHuje je cucrem
rpejarba NosesaH Ha TomnnaHy ca KOTIoM Ha
NPVIPOAHW rac.

Originally, central heating system with liquid
fuel fired boiler was used for heating. Later
on, the same heating system was connected
to district heating system with natural gas
fired plant.

0.75

Lighting system

¥ A

Y BpTuhy je y n3BopHOM 0bnnKy KopuwheHo
MHKaAECLIEHTHO OCBET/bEtbE, [IOK je Npema
noctojehem CTarby Marbyi 1eo objekTa
NOKPUBEH NHKAAECLEHTHVIM OCBET/bEHEM,
a Behv GpnyopecLeHTHUM ocBeT/berbem. He
NOCTOjV ayTOMATCKa KOHTPOSa OCBET/bErba.
Incadescent lighting was used in the
original form. Nowadays, smaller part of the
kindergarten is lightened with incadescent
lighting and bigger part with fluorescent
lighting. No automatic lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CTeneH KOPUCHOCTH
npunpeme caHuTapHe
Tonne Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHviTapHa Tonna BoAa npunpema ce 'y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0 0.5 1

:

MeTan xanorene cnjanuue

Metal halogen bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

Mogmin 3rpafa NPEeALWKONCKMX yCTaHoBa Cpefrbe
BennuMHe 3a nepvod 1946-1970. cy cnpatHn objekTy,
rpabeHr HaMeHCKM, Y4ecTo Ha BeNMKMM napuenama y
cknony Hosux Hacerba. Cagpxe sehun 6poj jeanHuLa ca
npatehnm cagpajuma.

[eomeTpuja 0BMX ObjekaTa je CBefeHa, KybuyHa, a
npeosnahyjy paBHM MK MANTKK KOCK KDOBOBM. [1po3opw
Cy NojeavHayHK, Behvx AnMeH3vja Uan y Bruay npo3op-
CKMx Tpaka. [Npeosnahyjy ABOCTPYKM ApPBEHM Npo3opH,
anu ce Ha BeNMM 3aCTak/bEHNM MOBPLUMHAMA KOPUCTK
1 6pasapuja 6e3 Tepmonpekmaa. Ocrm MacvBHOT, youa-
Ba Ce N AapPMMPAHODETOHCKM CKENETHWM KOHCTPYKTUBHM
cKknon. EnemeHT TepMMYKOT OMOTaua H1CY M30M10BaHMN.

The subtype for medium-size preschool buildings in
the period 1946-1970 includes purpose-built two-story
structures, usually constructed on large lots within newly
developed city areas. They contain several main units
with complementary spaces.

These buildings have a rather simplified, prismatic
geometry with mainly flat or shallow pitched roofs. The
windows are either large single units or they are organ-
ized in ribbons. Wooden double-sashed windows prevail
but larger glazed surfaces sometimes are without ther-
mal breaks. Apart from massive load-bearing struc-
ture, reinforced concrete frame constructions were also
used. The building envelope elements are not thermally
insulated.



b — nepuop 1946-1970. B - period 1946-1970

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagra HOBWX MPo30pa W ynasHux Bpata of MBL mpoduna ca ABOCIOjHWM M30MALUMOHUM HUCKOEMUCHOHMM CTaKNo-NakeTom (cpearba
3anTVBEHOCT).

Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

130noBatve dacagHnx 3140Ba KOHTAKTHOM TEPMOM3ONALMOHOM dacafiom. M3onosarbe mehycnpaTHe KOHCTPYKLMje Ka HEerpejaHoM TaBaHy
npeko noctojehux cnojesa. V3onoBarbe KOCOr KpoBa Ca yHyTpallke CTpaHe. V3on0oBarbe paBHOM KPoBa Y3 MUHUMANHY PEKOHCTPYKUMjY
cnojesa. M3onosarbe noda Ha Ty y3 AeNUMUYHY PEKOHCTPYKLM]Y Cojesa. Yrpadkba HOBUX NPo3opa 1 ynasHux spata of MBL npoduna ca
JBOCIIOJHUM M301aLMOHNM HUCKOEMUCHOHM CTaKO-MakeToM (Cpefba 3anTvBeHOCT).

Insulation of facade walls with a contact facade system. Insulation of floor structure to unheated attic over existing layers. Interior insulation
of pitched roof structure. Insulation of flat roof structure with minor layer reconstruction. Insulation of ground floor, with partial layers
reconstruction. Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

130noBarbe dacafHMX 314083 KOHTAKTHOM TEPMOM30NALMOHOM dacafom. M3onosarbe MehycnpaTHe KOHCTPYKLMje Ka HerpejaHoM TaBaHy
npeko noctojehunx cnojesa. M13onoBarbe KOCOr KPOBa Ca yHyTpalltbe CTpaHe. /13010Bate PaBHOr KPOBA Y3 MUHMMATHY PEKOHCTPYKLMY
cnojesa. V13onosarbe nofa Ha Ty y3 AeUMAYHY PEKOHCTPYKLM]Y CrojeBa. Yrpadrba HOBKX MPO30pa M YNasHWX Bpata Off KOMMO3UTHUX
npodwna ca TPOCNOJHMM M30NALMOHUM HUCKOEMUCMOHYIM CTaKO-NakeToM (406pa 3anTBEHOCT).

Insulation of facade walls with a contact facade system. Insulation of floor structure to unheated attic over existing layers. Interior insulation
of pitched roof structure. Insulation of flat roof structure with minor layer reconstruction. Insulation of ground floor, with partial layers
reconstruction. Installation of new composite windows and entrance doors with triple-glazed low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31,

External wall

U (W/m?K)

MehycnpatHa
KOHCTPYKUWja NCMOA
HerpejaHor TaBaHCKor
npocTopa

Floor construction to
unheated attic

U (W/m?K)

Koc kpoB

Pitched roof

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

1.23

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, oneka 38 cm, mantep 3 ¢cm,
Tepmomsonauuja 10 cm, mantep 1 cm

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

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, oneka 38 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1 cm

plaster 2 cm, brick wall 38 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.91

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmonzonaumja 15 cm,
cuTHOpebpacTa TaBaHMLa 35 CmM, ApBeHa
NOTKOHCTPYKLMja 6 cm, ManTep Ha TPLUIYaHoj
noano3n 3cm

PE foil, thermal insulation 15 cm, ribbed
concrete structure 35 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.19

Cnospa Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.89

Cnosba Outside

YHyTpa Inside

brnbep-LiemeHT Nnoue, netse 8/5cm, Tep
xapTuja, porosu 12/14cm/ nnoye of ApseHe
ByHe 5 cm, facke 2.2/10 Ha pa3maky og 50 cm,
Tepmomsonauuja 20 cm, ME donuja, peletka
100 cm, rMnc KapToHcKka mnova 1.25 cm
dnbpe-cement roof sheet, battens 8/5cm,
roofing paper, wood rafters 12/14, thermal
insulation 5 cm (wood-cement board),
planks 2.2cm, thermal insulation 20 cm, PE
foil, wooden spaceframe (100 cm height),
gypsum board 1.25 cm

0.16

Cnoma Outside

YHyTpa Inside

[E donwja, TepMomzonaumja 25 cm,
cUTHOpebpacTa TaBaHMLa 35 cm, ApBeHa
MNOTKOHCTPYKUWja 6 cm, ManTep Ha TPLWYaHoj
nognosn 3cm

PE foil, thermal insulation 25 cm, ribbed
concrete structure 35 cm, wooden
substructure 6 cm, straw-plaster ceiling 3 cm

0.13

Cnoma Outside

YHyTpa Inside

brbep-LiemeHT nnoue, netee 8/5cm, Tep
xapTuja, porosu 12/14cm/ nnoye of ApBeHe
ByHe 5 cm, facke 2.2/10 Ha pa3maky of 50 cm,
Tepmowizonauuja 30 cm, ME donuja, pelweTka
100 cm, r1nc kKapToHcka nnova 1.25 cm
bunbpe-cement roof sheet, battens 8/5cm,
roofing paper, wood rafters 12/14, thermal
insulation 5 cm (wood-cement board),
planks 2.2cm, thermal insulation 30 cm, PE
foil, wooden spaceframe (100 cm height),
gypsum board 1.25 cm

0.1
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nepwvop 1946-1970. B — period 1946-1970

CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

PaBaH kpoB

Flat roof

U (W/m?K)

lNoa Ha Ty

Ground floor

U (W/m?K)

[po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnosba Outside
HEMA M3MEHA

NO CHANGES

0.56

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

XUApoMU3onaumoHa MembpaHa, Tepmovizonauyja
15 cm, ME donwja, LlemeHTHa Kowyrbiua 3 cm,
nnove of ApBeHe ByHe 5¢cm, 6ETOH 3a Naj MyH
4cm, cuTHopebpacTa TaBaHMUa 35 cm, ApBeHa
MOTKOHCTPYKLMja 6¢M, ManTep Ha TpLYaHoj
nognosu 3cm

waterproof membrane, thermal insulation 15cm,

PE foil, cement screed 3cm, thermal insulation 5
cm (wood-cement board), lightweight concrete
to fall min. 4cm, ribbed concrete structure 35
cm, wooden substructure 6 cm, straw-plaster
ceiling 3 cm

0.18

YHanpebherbe 3 Improvement 3
YHyTpa Inside

*OOOAARNL

Cnorsba Outside

XVAPOM30NaLUMoHa MembpaHa, Tepmomr3sonalyja
25 cm, TE dponuja, LemMeHTHa KowwysbuLa 3 cm,
nnove o ApBeHe ByHe 5 cm, 6eTOH 3a nag MUH
4cm, cuTHOpebpacTa TaBaHMUa 35 cm, ApBeHa
NOTKOHCTPYKLMja 6 CM, ManTep Ha TPLUYaHoj
noano3n 3cm

waterproof membrane, thermal insulation
25cm, PE foil, cement screed 3cm, thermal
insulation 5 cm (wood-cement board),
lightweight concrete to fall min. 4cm, ribbed
concrete structure 35 cm, wooden substructure
6 cm, straw-plaster ceiling 3 cm

0.12

YHyTpa Inside
[

Cnospa Outside

YHyTpa Inside

ARV PR AR

Cnospa Outside

YHyTpa Inside

R
SARAAAAAAAAANMANANANY 5

Cnosba Outside

HEMA N3MEHA napkeT 2.2 cm, UemMeHTHa Koy buua 3 cm, napket 2.2 cm, LemeHTHa KoLWysbu1ua 3 cm,
— Tepmomsonaumja 5cm, 6eToHcka nnova 6¢m, Tepmousonaumja 10 cm, 6eToHcKa nnoya 6¢m,
NO CHANGES xuapousonaumja 1 cm, 6eToHCKa nnova 8 cm, xvapousonaumja T cm, 6eToHcKa nnoda 8 cm,
wrbyHak 10 cm, HabujeHa 3emsba WbyHak 10 cm, HabujeHa 3emrba
parquet 2.2 cm, cement screed 3 cm, thermal parquet 2.2 cm, cement screed 3 cm, thermal
insulation 5cm, concrete 6 cm, hydro insulation  insulation 10 cm, concrete 6 cm, hydro
1 cm, concrete 8 cm, gravel 10 cm, rammed insulation 1 cm, concrete 8 cm, gravel 10 cm,
earth rammed earth
041 0.25 0.19
[} [ [ (] (] (]
he, hel je! hel hel el
2 2 2 2 2z 2
S < S < S <
5 g E g e g
e e e
2 g > 2 > 2 >
g > e > 2 =
(@} (@) O

[1BL| ca ABOCNOJHMM HUCKOEMUCHOHMM CTaK/1o
naKkeTom

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

1.40

[BL| ca ABOCNOjHMM HUCKOEMUCHOHMM CTaK/O
MaKeToM

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

1.40

Komno3uTHM npodun ca TpocnojH1m
HMCKOEMMCVIOHIM CTaKIO MakeToM UCMYHEHUM
VNHEPTHVIM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NpPOCTOpPa: Aa/bUHCKO rpejarbe C KOTIOM Ha
NPVIPOAHW rac y Tonnanu.

The existing heating system is retained:
district heating system with natural gas fired
plant.

EnekTpuuHm akymynaumoxu 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpa: AabVUHCKO rpejatbe C KOT/IOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:
district heating system with natural gas fired
plant.

092

F

EneKkTpuuHM akyMynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMNPeCcopcKe TOMOTHe nymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.
Installation of air-source heat pump with
hydromodule.

30

TonnoTHa Nymna Basayx/Bofa v CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

65%

| | |
0% 50% 100%

b — nepuop 1946-1970. B - period 1946-1970

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

67%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

1400

1200

1000

800

600

400

200

YHanpeherse 1
Improvement 1

19%

31%

) TpaHCMUCHOonM ry6rLm — transsmission losses

1400
1200
1000
800
600
400

200

~ [ I I I I

« I
~ Il

w

- Il

<12 <20 <38 <75
<15 <25 <50 <100
A+ A B C
| |
46 71

YHanpehetse 2
Improvement 2

19%

58%

BeHTUNaunoHn rybuum — ventilation losses

1400
1200
1000
800
600
400

200

12 3 4 5 6

171

YHanpeherse 3
Improvement 3

71%

ywrefe — savings

1400

1200

1000

800

600

400

200

1

M

2 3 4 5 6

1- cnosballtby 3uf, 2- Npo3opw, 3- MehycrnpaTtHa KOHCTPYKUMja UCNOf HErpejaHor TaBaHa, 4- KOC KPOoB, 5- paBaH KpoB, 6- Nof Ha Ty
1- external wall, 2- windows, 3- floor structure to unheated attic,, 4- pitched roof, 5-flat roof, 6-ground floor

215

kWh/m? a

<188 >188 500

>250

<150 <200 <250

A

139

rel %
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

OuHanHa eHepryja

Final energy
[kwh/a] | [ | [ |
° A A 50 A
19937 119138 222550
5.9% 353% 66.0%

[pvmapHa eHepruja

e ]

|
[kwh/a] 0 a a 50 n
49834 148191 261945
12.8% 38.2% 67.5%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa

oy emission afte .
architectural and HVAC

. | Lo

improvement 0 ; A ;
26412 62489

[kg/al 30.1% 71.2%

Emmcmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

50

<
P
>

[kg/al 4902 5161 5659
33.4% 35.2% 38.6%

0+ 9+= @

| |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE ﬁ yHanpeherse 1 a yHanpehetbe 2

starting condition usual interventions improvement 1 improvement 2

A

337318

v

|
100%

388190

100%

14658

100%

yHanpehetbe 3
improvement 3
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¢ )
C1 T

MpeaLlwkKoncKka ycTaHoBa
NoBpLUMHE Makbe of 500 m?

Kindergarten
with area less than 500 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1980. Year of construction 1980

Bpoj eTaxa Mp Number of floors Gf
MospLnHa (M?) 6pyTo 275 Area (m?) Gross 275
MospLnHa (M?) HeTo rpejaHa 255 Area (m?) Net heated 255
3anpemuHa (m?) HeTo rpejaHa 775 Volume (m?) Net heated 775

3rpada NpeawkosicKe YCTaHOBE Ca [Be jeAuiHU-
Lie, XONOM, CaHMTapHVM YBOPOM 1 YajHOM KyXWMHOM 3a
npunpemarbe yxmnHe, pabeHa npema npunaroheHom
TUMNCKOM NpOjeKTy. [peacTaBHMLM OBOT TMa Cy Npr3em-
He 3rpafe jefHOCTaBHE, KOMMAKTHe OCHOBE, 6e3 Moa3em-
HVX eTaxka. KpoB je BOBOAHY, @ TaBaHCKM MPOCTOP Ce He
KopucTn. OTBOPHK Cy Y NOjeAVHAYHW, BULLIEAENHM NPO30-
pY @y CMeWTajH!M jearH1Lama ce NpocTUpy YUTaBOM
AYXMHOM GacafiHOT 31Aa YHYTap KOHCTPYKTUBHOT pacTe-
pa. JeinHWLe HeMajy AMPeKTaH 13na3 y ABopuLuTe.

ApXWUTEKTOHCKa pellerba OBWX 0ObjekaTa Hemajy
cneundnyHoOCTY Koje b1 ycnossbasane nocebaH pexmnm
Npw eHepreTckoj caHaumju.

162

The kindergarden building with two childcare units,
a hall, sanitary facilities and a kitchenette for preparing
light meals was built according to a customized stand-
ard design.

The representatives of the type are one-story build-
ings of a simple and compact layout, without under-
ground levels. The gable roof covers the unused attic.
The single multi-sash windows fit the entire structur-
al span in the accommodation units. The rooms do not
have direct access to the yard.

The architectural design of the buildings does not
have such specific features that would require a special
approach to energy rehabilitation.



KOHCTPYKTMBHM CKOM je MacMBaH Ca 31A0BMMa Of
rutep 610Ka, apMUPAHOOETOHCKOM TaBaHWULIOM U KOCUM
[BOBOJHMM KPOBOM TPaAMLMOHANHe KOHCTpyKLUMje. Da-
CaflHV 31A0BKM Cy 0OOCTPaHO ManTepucaHy, 6e3 Tepmmny-
Ke v3onauuje, anu u 6e3 fekopaTuBHE MnacTuke LWTo
omoryhaga jeaAHOCTaBHe Mepe eHepreTcke pexabunmta-
umje dacage. MNposopw Cy ApBeHW, ABOCTPYKM Ca Cnoje-
HUM KPUAMMA, 3aCTaK/beHN jeAHOCTPYKMM CTakAoM. [1o-
[O0BM Cy paheHn Ha OeTOHCKO] nmnoun 6e3 Tepmuuke
nonaynje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

Ll — nepnop 1971-1990. C - period 1971-1990

The massive primary structure has load-bearing walls
of clay block, a reinforced concrete floor slab, and a tradi-
tional gable roof structure. The facade walls are plas-
tered on both sides, without thermal insulation or any
exterior decorative plasterwork, allowing for uncompli-
cated energy rehabilitation measures for the facade. The
windows are wooden single-framed connected double
sashes with single glazing. The flooring is placed on the
concrete slab without thermal insulation.

Energy class of building — as designed

Qg [%] Q,,, [kwh/(m?a)]
367 275
<15
<25
_ <50
<100
<150
<200
<250
> 250



HaumnoHanHa TMnonorwvja 3rpaga npeawKkonckux yctaHora Cpbuje  National Typology of Kindergartens in Serbia

CKnonoBu TEpMUYKOT OMOTaya — noctojehe ctawe — Elements of the thermal envelope — existing

Cnosballksen 31a

External Wall

U (W/m?K)

MehycnpatHa
KOHCTPYKLUWja NCNOoA
HerpejaHor TaBaHCKor
npocTopa

Floor construction to
unheated attic

U (W/m?K)

lNoa Ha Ty

YhyTpa Inside

Cnorba Outside

ManTep 2 cm, rutep 610K 25 cm,
Mantep 3 cm

plaster 2 cm, hollow clay block 25 cm,
plaster 3cm

1.49 U (W/mK)

Cnosba Outside

YHyTpa Inside

Npo3opwu

Windows

Mantep of CTPYrotMHa 5 ¢cm, apMrpaHo
6eToHCKa nnova 20 cm

wood-cement plaster 5cm, conrete slab
20cm

1.75 U (W/mK)

Ground floor

YHyTpa Inside

—
|

Cnosba Outside

napkeTt 2.2 cm,LemMeHTHa Kowysbrua 2.8cm,
nepanT 6eToH 6 CM, XMAPOW3oaumja,
6eToHCKa nnoyva 8 cm LWbyHak 5 cm,
HabujeHa 3emrba

parquet 2.2 cm, cement screed 2.8 cm,
insulating perlite concrete 6 cm, hydro
insulation 1 cm, concrete 8 cm, gravel 5 cm,
rammed earth

048

Cnorba Outside
YHyTpa Inside

LPBEHV 1BOCTPYKM Ca CMOJEHMM KpUMa 1
je[HOCTPYKVMM CTaKIoM

wooden, double frame, connected sash with
single glazing

3.30




Ll — nepnop 1971-1990. C - period 1971-1990

TepMOTEXHNYKM CUCTEMU 1 OCBETIbEREe — nocTojehe ctatbe — HVAC and lighting — existing

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopucHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/beha

YHyTpalutba pacBeTa

Interior lighting

Y N3BOPHOM CTatby 3rpaja ce 3arpesana
nyTem flokaHyx 3arpesHux ypehaja - nehu
Ha yBpCTO ropueo (50% ApBo v 50% yrar).
KacHwije je yrpaheH cuctem nokanHor
rpejatba ca nehrma Ha NPYPOaHN rac.
Originally, local heating stoves (50 % wood
and 50% coal fired) were used for heating
building. Later on, local heating system has

been installed using natural gas fired stoves.

0.82

Lighting system

¥ A B

Hajsehw neo spTriha je nokprseH
bnyopecUeHTHUM OCBETIbEHEM a
MatbV eNoBu MHkagecueHTHM 1 CFL
0CBeT/beEM. He MocTojn ayTomaTcKa
KOHTpOa OCBET/bEHba.

The larger part of the kindergarten is
lightened with fluorescent lighting and
smaller part with incadescent and CFL
lighting. No automatic lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CcHOCTH
npunpeme CaHUTapHe
TOon/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[Mprnpema noTpoLLHe Tonne Bofe Huje

6vina npeasuhera npojekTom. aHac

Ce NOTPOLWHa ToMNa BoAa npvnpema y
enekTpUYHIM 6ojneprma.

Originally, the system for domestic hot water
preparation was not installed. Nowadays,
domestic hot water is prepared using local
electric water heaters.

092

.

KrBuHe crjanuue

Mercury vapor bulbs
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CnnuHn 0bjekTn — npefcTaBHWLM Tuna — Similar buildings - type representatives

3rpafie NPeAWKoNCKMX yCTaHoBa OBOr TWMA, MaKO
Cy uecTto paheHe kopulhersem TUMCKMX yHKUMO-
HaNHWX CKOMOBA, WCKasyjy M3BECHY Pa3HOBPCHOCT Y
obn1KoBarby ¥ MaTepujanusaumin. Pagn ce o cnoboga-
HocTojehrm 0bjeKTrMa, KoMnakTHe 1nu cnabo pasyheHe
OCHOBE, Ca HEKOMMKO JeAVHMLIA 1 OCHOBHIUM npaTehnm
cappKajmma.

MpeoBnahyje MacMBaH KOHCTPYKTVBHM CKIOM W
KOCW KpOBOBW TpaaMLMOHaNHe ApBeHe KOHCTPyKUMje.
Mpo3opu cy ApBeHy, BeNnx ArMeH3Knja, 1 Kod CMeLITaj-
HUX JeAVHMLA Ce NPOCTUPY LEenom Ay>KMHOM dacagHor
3vpa. EnemeHT TepmMmMYKOr OMOTaya YrfiaBHOM HUCY
130710BaHMN.

"‘ WS e

TN

Although the preschool buildings of this type were
often built using model design assemblies, they show
some diversity of the form and materialization. These
are freestanding structures with a compact or slightly
complex floor plan, comprising several units and basic
complementary spaces.

Most buildings were built with a massive primary
structure and a hipped roof supported by a traditional
timber structure. The large wooden windows are placed
along the whole length of the facade wall of the accom-
modation units. Generally, the elements of the thermal
envelope are not insulated.



Ll — nepnop 1971-1990. C - period 1971-1990

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

YHanpehetrbe 3

Improvement 3

V13onoBarbe pacagHVIx 3110Ba KOHTAKTHOM TepMov3onaLvoHoM dacafom. Yrpadba HOBKX NPoO30opa 1 ynasHux BpaTa oA MBL npoduna ca
ABOCSOJHUM M30A1aLMOHNM HUCKOEMUCHOHMM CTakKO-NakeTom (Cpedba 3anTvBeHOCT).

Insulation of fagade walls with a contact facade system. Installation of new PVC windows and entrance doors with double-glazed low-
emissivity glass unit (mid-range air-tightness).

1130n0Barve dacagHnx 3Ma0Ba KOHTAKTHOM TEPMOM30NALMOHOM hacafom. M3onosarbe MehycnpaTHe KOHCTPYKLUYMjE Ka HerpejaHoM TaBaHy
npeko noctojehux cnojesa. M3onosarbe nofa Ha Ty y3 AeNMMUYHY PEKOHCTPYKLMJY CrojeBa. Yrpafrba HoBwx npo3sopa og MBLL npoduna
Ca [BOCNOJHAM M30MALMOHMM HUCKOEMUCHOHWM CTaKNO-NakeToM (Cpedtba 3anTmBeHOCT). Yrpadrba HOBYX YNasHUX APBEHMX BpaTa ca
TEPMOM301aLMOHOM UCMYHOM.

Insulation of facade walls with a contact fagade system. Insulation of floor structure to unheated attic over existing layers. Insulation of
ground floor, with partial layers reconstruction. Installation of new PVC windows with double-glazed low-emissivity glass unit (mid-range air-
tightness). Installation of new entrance wooden doors, with thermal insulation infill.

1130n0Batse dacagHnx 3MA0Ba KOHTAKTHOM TEPMOMU3ONALMOHOM dacafom. M3onosarbe MehycnpaTHe KOHCTPYKLMjE Ka HEerpejaHoM TaBaHy
npeko noctojehunx cnojesa. 13onosarbe NOAa Ha Ty Y3 AENUMUYHY PEKOHCTPYKUM]Y ClojeBa. Yrpadrba HOBUX MPO30pa Of KOMMO3WTHYIX
npodwna ca TPOCNOJHUM M30MALUMOHUM HUCKOEMCMOHUM CTaKNO-NakeTom (4obpa 3anTuBeHOCT). Yrpasrba HOBUX YNa3HMX KOMMO3WTHIX
APBEHVIX BPaTa Ca TePMOM30MaLMOHOM VCMYHOM.

Insulation of facade walls with a contact fagade system. Insulation of floor structure to unheated attic over existing layers. Insulation of
ground floor, with partial layers reconstruction. Installation of new composite windows with triple-glazed low-emissivity glass unit (good air-
tightness). Installation of new entrance composite wooden doors, with thermal insulation infill.
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31

External wall

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLUWja Mcnoa
HerpejaHor TaBaHCKOr
npocTopa

Floor construction to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnosba Outside

Mantep 2cm, rutep 610k 25 cm,
mantep 3cm, Tepmonsonauuja 10 cm,
mMantep 1 cm

plaster 2 cm, hollow clay block 25 cm, plaster
3 cm, thermal insulation 10 cm, plaster 1 cm

0.30

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

1.75

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

mantep 2cm, rutep 610K 25 cm,
ManTtep 3cm, Tepmomsonauuja 10 cm,
mantep 1 .cm

plaster 2 cm, hollow clay block 25 cm,
plaster 3 cm, thermal insulation 10 cm,
plaster T cm

0.30

YHanpebherbe 3 Improvement 3

[ —

YHyTpa Inside
Cnosba Outside

mantep 2cm, rutep 610K 25 cm,

ManTep 3cm, Tepmomsonauuja 20 cm, mantep
1cm

plaster 2 cm, hollow clay block 25 cm, plaster
3 cm, thermal insulation 20 cm, plaster 1 cm

0.16

Cnosba Outside

i AR

YHyTpa Inside

ME donwja, Tepmomnsonaumja 15 cm, mantep
0f} CTPYroT1Ha 5 cm, apM1paHo BeToHCKa
nnova 20 cm

PE foil, thermal insulation 15 cm, wood-
cement plaster 5¢cm, conrete slab 20cm

0.22

Cnosba Outside

L) &)&
T

YHyTpa Inside

S

IE donwja, Tepmomnsonauuja 25 cm, mantep
0f} CTPYroT!Ha 5 cm, apM1paHo BeTOHCKa
nnoya 20 cm

PE foil, thermal insulation 25 cm, wood-
cement plaster 5¢cm, conrete slab 20cm

0.14
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpeberbe 3 Improvement 3
MNog Ha Ty ‘VHyTpa Inside YHyTpa Inside YHyTpa Inside
— -
_ | ]
Crigurel floer ——— IE—
Cnospa Outside Cnospa Outside Cnorba Outside
HEMA N3MEHA napkeT 2.2 Cm,LeMeHTHa Kowysbula 3 cm, napkeTt 2.2 cm,LemMeHTHa Kowysbula 3 ¢m,
— Tepmou3onauwja 5 cm, nepaut 6eToH 6¢m, Tepmom3onauuja 10 cm, nepnut 6eToH 6¢m,
NO CHANGES Xuapomsonatmja, 6eToHcKa nnova 8 cm xvapou3sonauuja, 6eToHcKa nnova 8 cm
WIbyHaK 5 cm, HabujeHa 3emsba LWSbyHaK 5 cm, HabujeHa 3emba
parquet 2.2 cm, cement screed 3cm, thermal — parquet 2.2 cm, cement screed 3cm, thermal
insulation 5cm, insulating perlite concrete insulation 10cm, insulating perlite concrete
6cm, hydro insulation 1 cm, concrete 8cm, — 6¢cm, hydro insulation 1 cm, concrete 8 cm,
gravel 5 cm, rammed earth gravel 5 cm, rammed earth
U (W/m?K) 0.48 0.28 0.20
Mpo3sopw 3 3 b 3 bl b
_ g £ g 2 2 Z
O © @) © (@) ©
. o a Q
Windows 3 3 3 4 2 =
2 = 2 > 2 =
(@] (@) (@)
INBLI ca ABOCNOjJHUM HUCKOEMUCUOHMM IBL| ca ABOCNOjJHNM HUCKOEMUCUOHUM Komno3uTtHy npodun ca TPOCIOjHMM
CTaK/o NakeTom CTak/Oo NakeTom HUCKOEMUCVOHNM CTaKNO NakeTom
— — NCNYHEHVM MHEPTHUM racom
PVC, double glazed low-E glass unit, PVC, double glazed low-E glass unit, —
inert gas filling inert gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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CucTem rpejama 3rpage — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdukacHocT n3Bopa
Tonnote

Heat source efficiency

EdunkacHocT cnuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
Tonne Bojge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

Yrpaftba LieHTpanHor cuctema rpejatba ca
pafvjatopriMa Kao rpejHim Tenmma. Kao
rOPYBO Ce KOPUCTU MPUPOAHY rac.
Installation of central hydronic system with
radiators. The heating source is natural gas-
fired boiler.

0.86

EnexkTpuuHm akymynaumor 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

YrpaaHba LieHTpanHor cuctema rpejatba ca
pazfunjaTopyma Kao rpejHvM TenviMa. Pag

Ha HIKeM TeMMepaTypcKom pexmnmy. Kao
rOpMBO Ce KOPUCTI NPUPOAHM rac.
Installation of central hydronic system with
radiators. The heating source is natural gas
fired boiler, working with lower temperature
regimes.

0.92

0.86

EneKkTpuuHm akymynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

e
5

Yrpaftba KOMMNPeCopcKe TOMOTHE Mymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTtHa Nymna Ba3ayx/Bofa vi CONapHu
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).
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Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

54%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

59%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

61%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

400

350

300

250

200

150

100

YHanpeherse 1
Improvement 1

34%

15%

) TpaHCMUCHOonM ry6rLm — transsmission losses

~ N

o | [ | [ | [ |

w
wu

400

350

300

250

200

150

100

YHanpehetse 2
Improvement 2

BeHTUNaunoHn rybuum — ventilation losses

400

350

300

250

200

150

100

1

YHanpeherse 3
Improvement 3

14%

74%

63%

ywrefe — savings
400
350
300
250
200
150
100

50

2 3 4 5 12 3 4 5

1- cnosbalukbi 31g, 2- NPo3opw, 3- ynasHa Bpata, 4- mehycnpaTHa KOHCTPYKLMja MCMOA HerpejaHor TaBaHa, 5- nog Ha Ty
1- external wall, 2- windows, 3- doors, 4- floor structure to unheated attic, 5- ground floor

237 275
| | kWh/m? a
<188 >188 500
<200 <250 >250 rel %
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 88798
;inal energy Y
- - ]
[kWh/a] I I [ [ I [
0 50 100%
A 4 4
6.2% 31.8% 62.3%
lMpymapHa eHepruja 1$52

Primary energy

|
[kWh/a] 0 a a 50 n 100%
13807 34918 64752
13.6% 34.4% 63.8%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa

oy emission afte ]
architectural and HVAC

. |

improvement 0 : 5 50 4 100%
7318 9266 15233

lkg/a] 324%  41.0% 67.4%

Emmcuja CO, HakoH @ A & 8

yHanpehetba crcTema 2009

pacsete v
- |
CO, emission after
lighting improvement

o —

e
e a n 50 100%
[kg/al 792 829 914
39.4% 41.3% 45.5%

Q-+ 9+= @

| | |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE yHanpeherse 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |
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. lll‘l'_ui't; g\

— L

Li2
C2

MpeaLlwkKoncKka ycTaHoBa
noBpLUnHe 500-2000 m?

A7 = A

Kindergarten
with area 500-2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1980. Year of construction 1980
Bpoj eTaxa Mp+1 Number of floors Gf+1
MospLnHa (M?) 6pyTo 1710 Area (m?) Gross 1710
MospLnHa (M?) HeTo rpejaHa 1530 Area (m?) Net heated 1530
3anpemuHa (m?) HeTo rpejaHa 5940 Volume (m?) Net heated 5940

CnobogHocTojeha 3rpafa, HAMEHCKM MPOjeKTOBaHa
32 noTpebe nNpefWKoncke ycTaHose. CacToju 13 ca Aga
CMaKHyTa TpaKTa - NMPU3eMHOr 1 CNpaTHOr - 1 1Ma Behn
6poj CMelTajHUX jedMHMUA Kao W npatehe npocTope
3a pasnuunTe akTMBHOCTW. JeAVHMLE 3a CTapuje rpyne
MOTY VIMaTVi AMPEeTaH v3nasak y AsopuiTe. KpoBOBM Cy
jeAHOCTaBHM, BOBOAHM.

MacagHy otBOpK Cy Behwx AMMeH3Wja 1 KCnyrba-
Bajy LeO KOHCTPYKTVBHYW pacTep, Hajuewhe 6e3 cucTe-
Ma 3a 3alTUTY Of CyHLa UV Ca MiaTeHNM poNeTHama ca
YHYTPallHbe CTpaHe.

This is a freestanding building, purpose-built for a
kindergarden facility. It consists of two distinct volumes
of one and two floors, respectively, and has a consider-
able number of accommodation units and complemen-
tary spaces for various activities. Older age units have
direct access to the yard.

The roofs are simple pitched gables. The window
openings are relatively large and they fit the entire struc-
tural spans; they usually have no sun protection or have
canvas roller blinds on the interior.



KOHCTPYKTMBHM CK/OM je apMMPaHOOETOHCKM CKe-
NeTHW, Ca KOCUM OETOHCKIMM KPOBHMM MoYama. Kpososu
Cy 130/10BaHM Nnovama apeeHe ByHe febbrHe 5cm. Da-
CaflHV 3v40BK Cy O NyHe oneke AebfbrHe 38cm unun y
BMAY CEHABWY 310Ba Off 6ETOHA M NyHe oneke ca TepMo-
n3onaumjom of Taponopa y aebmwrHr og 5cm. Mpo3sopu
Cy [IPBEHM, ABOCTPYKM Ca CMOjEHVM KPWIIMMA, 3aCTaK/be-
HW JeJHOCTPYKNM CTaKIIOM.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

Ll — nepnop 1971-1990. C - period 1971-1990

The primary structure is in the reinforced concrete
frame system, with slanted concrete roof slabs. The roofs
are insulated with 5cm wood wool panels. The load bear-
ing walls are of either 38cm brick or a concrete and brick
sandwich, with 5cm insulating panels. The windows are
wooden framed, connected double sashes with single
glazing.

Energy class of building — as designed

Qg [%] Q,,, [kwh/(m?a)]
260 195
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnonoBu TEpMUYKOT OMOTaya — noctojehe ctawe — Elements of the thermal envelope — existing

Cnosbalksn 3ua 1

External Wall 1

U (W/m?K)

Koc kpos

Pitched roof

U (W/m?K)

YhyTpa Inside
Cnorpa Outside

Mantep 2 cm, oneka 38 cm, mantep 3 cm

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

1.23

Cnosba Outside

YHyTpa Inside

UM, Tep Nanvp, AaliyaHa onnata 2.4,
netse 3/5 c¢cm/ Tepmousonaunja 5 cm
(xepaknuT), apMmnpaHu 6eToH 16 cm
metal sheet, roofing paper, planks 2.4cm,
battens 3/5cm, thermal insulation 5cm
(wood-cement board), concrete 16cm

0.99

Cnosbalksn 3ug 2

External Wall 2

U (W/m?K)

lNoa Ha Ty

Ground floor

U (W/m?K)

MNpo3opwu

Windows

U (W/m?K)

YHyTpa Inside
Cnorpa Outside

apmupaHy 6eToH 15 cm, TepMoun3onauyja
5cm (xepaknuT), dacafHa oneka 12cm

concrete 15cm, thermal insulation 5cm
(wood-cement board), facade brick 12cm

0.97

YHyTpa Inside

Cnosba Outside

nnHoneym 0.2 cm, LieMeHTHa KoLy buLa
5cm, xuapow3sonaumja 1 cm, 6eToHcKa
nnoya 10 cm, wibyHak 10 cm, HabujeHa
3emrba

linoleum 0.2 cm, cement screed 5 cm, hydro

insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

0.31

Cnosba Outside
YHyTpa Inside

[PBEHV JBOCTPYKM Ca CNOjEHM KpUMMa 1
JeAHOCTPYKMM CTaKIoM

wooden, double frame, connected sash with

single glazing

3.30
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TepMOTEXHUYKIM CUCTEMU U OCBET/bERbE — NocTojehe ctatbe — HVAC and lighting — existing

Cuctem rpejatba 1 npunpeme Torse Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CTeneH KopucHOCTH
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Y U3BOPHOM CTatby y BpTUhy je brno
MHCTanMpaHo LeHTPanHo rpejarbe ca
KOT/IOM Ha TeYHO ropwBo. Taj crcTem ce
KOpUCTW 1 flaHac.

Originally, centralized heating system with
liquid fuel fired boiler was installed. The
same heating system is in use nowadays.

0.79

Lighting system

¥ A

lNpema noctojehem CTarby Marbi 4eo
06jeKTa NMOKPVBEH je NHKaAeCLEeHTHM
ocBeT/beHeM, a Behn dryopecueHTHM
0CBeT/beHEM. He MoCTojn ayTomaTCKa
KOHTPO/1a OCBET/bEHbA.

Smaller part of the kindergarten is lightened

with incadescent lighting and bigger part
with fluorescent lighting. No automatic
lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CTeneH Kop1CcHOCTH
npunpeme CaHUTapHe
TOon/e Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHuTapHa Tonna BoAa ce npunpema y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0.5 1

.

KreuHe crjanuue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

HajsacTyn/beHujy  TMn NpefLKonckux — ycTaHOoBa
KapaKTepule Befvka Pa3HOBPCHOCT apXUTEKTOHCKMX
pelerba. MNpeosnahyjy 3rpage cnpatHocTn M+1, anu cy
yecTe 1 Npu3eMHe, Kao ¥ 3rpaje ca [ABa cnparta.

Y maTtepujanu3aumjn ce, Takohe, npumehyje pasHo-
BPCHOCT KOja OfroBapa BapujeTeTy apXMTEKTOHCKMX
pelerba. lNpeosnahyjy apMMpaHOOETOHCKN CKeneTHM
cncTeMY, OK Cy Kofd dacafla Haj3acTyrmbeHuju H6eToH
1 onekapckn enemeHTn (BUAHW MW ManTepucaHn) y
3VA0BMMa ,CeHABMY" KOHCTPYKUWje. [Tpo3opn cy apBe-
HW, ABOCTPYKYM, Behnx AMmeH3nja. Hajgehn geo tepmmy-
KOr OMOTaua je AebsbrHe Koja He 3a10BO/baBa akTyenHe
nponuce.

The predominant type of preschool buildings is char-
acterized by a great variety of architectural solutions.
Most buildings have two levels (GF+1), with a share of
the facilities with a single ground floor and two floors
above the ground level.

The materials also show diversity that reflects the
variety in architectural solutions. The predominant
load-bearing structure is the reinforced concrete frame
system, while the facade materials are mostly concrete or
brick elements (visible or plastered) in the “sandwich wall”
structures. The windows are large wooden double sash-
es. Most of the thermal envelope elements have insula-
tion layers, the thickness of which does not comply with
the current regulations.
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3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagra HOBWX MPo30pa W ynasHux Bpata of MBL mpoduna ca ABOCIOjHWM M30MALUMOHUM HUCKOEMUCHOHMM CTaKNo-NakeTom (cpearba
3anTVBEHOCT).

Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

V130n0Batse GpacapHWx 3u0Ba KOHTAKTHOM TEPMOV30MaLIMOHOM dpacafom. V130n10Bare KOCOr KpoBa y3 MOTMYHY PEeKOHCTPYKUMjy Cojesa ca
Cnorballkbe CTpaHe. Yrpafrba HOBMX Mpo3opa v ynasHux Bpata oA MNBL npoduna ca ABOCIOJHUM M30MaLMOHNUM HACKOEMUCUMOHUM CTaKo-
nakeTom (Cpefitba 3anT1BeHOCT).

Insulation of fagade walls with a contact fagade system. Exterior insulation of pitched roof structure with total layer reconstruction. Installation
of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

/130n0Barbe pacapgHUX 31MA0Ba KOHTAKTHOM TEPMOM30M1aLUMOHOM Gacafom. M30n0Barbe KOCOr KPOBa Y3 MOTMYHY PEKOHCTPYKLM)Y Cnojesa
Ca Cnosballtbe CTpaHe. M3onosarbe Nofa Ha TNy y3 AeNUMUUHY PEKOHCTPYKLM)Y ClojeBa. Yrpadrba HOBMX MPO30pa M ynasHux Bpata of
KOMMO3WTHYX Npoduna ca TPOCIOjHUM U30NALMOHMM HUCKOEMUCUOHUM CTakNo-nakeTom ([o6pa 3anTneeHoCT).

Insulation of fagade walls with a contact facade system. Exterior insulation of pitched roof structure with total layer reconstruction. Insulation
of ground floor, with partial layer reconstruction. Installation of new composite windows and entrance doors with triple-glazed low-emissivity
glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbu 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ug 2

External wall 2

U (W/m?K)

Koc kpos

Pitched roof

YHanpehetbe 1 Improvement 1

(] [}

he) he)

2 =

8 .

£ 2

= 2
o R

HEMA N3MEHA

NO CHANGES

123

YHanpehetbe 1 Improvement 1

(] == = [}

he) he)

2 =

8 2

= £

= B 2
|}

HEMA VI3MEHA

NO CHANGES

0.97

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.99

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, oneka 38 cm,
ManTtep 3 cm, Tepmomsonauuja 10 ¢m,
mantep 1 .cm

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

0.28

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

—n

ManTep 2 cm, oneka 38 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1.cm

plaster 2 cm, brick wall 38 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.16

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

apmypaHu 6eToH 15 cm, TepMounsonauja
5 cm (xepaknuT), dacagHa oneka 12cm,
Tepmousonauuja 10 cm, mantep 1 cm
concrete 15cm, thermal insulation 5¢cm
(wood-cement board), facade brick 12cm,
thermal insulation 10cm, plaster Tcm

0.27

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

apmupaHu 6eToH 15 cm, TepMoun3onauja
5cm, dacagHa oneka 12cm, Tepmow3sonaumja
20 cm, mantep 1 cm

concrete 15cm, thermal insulation 5cm
(wood-cement board), facade brick 12cm,
thermal insulation 20cm, plaster 1cm

0.16

Cnoma Outside

TR

A

YHyTpa Inside

NMM, Tep Nanvp, AallyaHa onnata 2.4 cm,
ancranuepw 5/20 cm/ Tepmousonaumja
20cm, 6eToHcKka nnova 16 cm

metal sheet, roofing paper, planks 2.4cm,
spacers (battens) 5/20cm, thermal insulation
20cm, concrete 16cm

0.15

Cnoma Outside

i

YHyTpa Inside

NVM, TEp Nanvp, AaluyaHa onnata 2.4 cm,
ancraHuepw 5/30 cm/ Tepmousonauvija
30cm, 6eToHcKa nova 16 cm

metal sheet, roofing paper, planks 2.4cm,
spacers 5/30cm, thermal insulation 30cm,
concrete 16cm

0.1
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

YHanpehetbe 1 Improvement 1

MNog Ha Ty YHyTpa Inside

Ground floor

Cnospa Outside

YHanpehetbe 2 Improvement 2

YHyTpa Inside

Cnospa Outside

YHanpeberbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

HEMA N3MEHA HEMA N3MEHA napkeTt 2.2 cm, UeMeHTHa KoLyrbuLa 3 cm,
— — Tepmomsonauuja 5 cm, xuapovsonauuja
NO CHANGES NO CHANGES Tcm, 6eToHcka nnova 10 cm, wibyHak 10 cm,
HabujeHa 3em/ba
parquet 2.2 cm, cement screed 3 cm,thermal
insualtion 5cm, hydro insulation 1 cm,
concrete 10 cm, gravel 10 cm, rammed earth
U (W/m?K) 0.31 0.31 0.20
Mposopu b 3 b 3 3 B
— g | £ g < g £
© © o
. Q a Q
Windows g S 2 4 2 s
g = e = e =
U U U
INBLI ca ABOCNOjJHUM HUCKOEMUCUOHMM IBL| ca ABOCNOjJHNM HUCKOEMUCUOHUM Komno3uTtHy npodun ca TPOCIOjHMM
CTaKNo nakeTom CTaK0 NakeTom HVCKOEMUCMOHUM CTaK/0 NakeTom
— — WNCMYHEHVIM MHEPTHUM racoM
PVC, double glazed low-E glass unit, PVC, double glazed low-E glass unit, —
inert gas filling inert gas filling Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.40 1.40 0.80
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CucTem rpejama 3rpage — yHanpeherwsa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdunkacHocT n3Bopa
Tonnote

Heat source efficiency

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

Yrpagrba HOBOT KOT/a Ha YBPCTO rOPHBO,
KOj1 KOPUCTH APBHY Oriomacy.

Installation of new boiler that uses wood
biomass as the nergy source.

0.85

EnekTpuuHm akymynaumoxu 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

Yrpagtba HOBOT KOT/Na Ha UYBPCTO rOPUBO,
KOjW KOPUCTY [pBHY G1oMacy.

Installation of new boiler that uses wood
biomass as the nergy source.

0.91

0.85

EneKkTpuuHM akyMynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpaftba KOMMNPeCopcKe TOMOTHE Mymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTHa Nymna Basayx/Bofa v CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).
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Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

65%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

67%

| | |
0% 50% 100%

oo
w
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance
OpurvHanHo YHanpeherse 1 YHanpehetse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHM ryouLn

17%
Heat losses 24% 24%
(%]
29% 54% 67%
() TpaHcMUCHOHN TyBuLM — transsmission losses BEHTUAUMOHN rybuum — ventilation losses ywtege — savings
TpaHCMUCKOHHM ryBuLm 1200 1200 1200 1200
Transmissive losses
1000 1000 1000 1000

[W/K]

800 800 800 800

600 600 600 600

400 400 400 400

200 200 200 III 200 I

12 3 4 12 3 4
1- Cnosballby 31g, 2- NPO30PU 1 BPaTa, 3- KOC KPOB, 4- NOf Ha Ty
1- external wall, 2- windows and doors, 3- pitched roof, 4-ground floor

CneundunyHa roauviirba 145 195
notpebHa eHeprija 3a V v
rpejare | | kWh/m?a
- <12 <20 <38 <75 <188 >188 500
Specific Heating Energy <15 <25 <50 <100 <150 <200 <250 >250 rel %

|
[kWh/m?a] A A A
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

OuHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmcmja CO, HakoH
npumeHe rpaheBUHCKNX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

0 AIAA 50

0 AA A 50

0 A AA

0 A A 50

29010 151667
7.4% 38.5%

54958 65527 72526
11.1% 13.3% 14.7%

25751 28710 38439
17.3% 193% 25.8%

©©®6

4917 5215 5811
33.0% 35.0% 39.0%

Q-+ @+= @

|
v MoasHo CTatbe V Hajuewhe MHTepBeHUMje n yHanpehetbe 1
starting condition usual interventions improvement 1
| |

393873

v

|
100%

494202

v

100%

©

148739

-4

100%

100%

yHanpehetbe 3
improvement 3
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L3
C3

MpeaLlwkKoncKka ycTaHoBa
noBpLmnHe Behe og 2000 m?

A7 = A

Kindergarten
with area more than 2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 1984. Year of construction 1984

Bpoj eTaxa Mp+MK - M+1+MK Number of floors Gf+1 - Gf+1+Att
MospLnHa (M?) 6pyTo 2325 Area (m?) Gross 2325
MospLnHa (M?) HeTo rpejaHa 1915 Area (m?) Net heated 1915
3anpemuHa (m?) HeTo rpejaHa 6450 Volume (m?) Net heated 6450

3rpane NpeawKonckux yctaHoBa Beher kamauwTe-
Ta rpaheHe cy Tokom 1970-mx 1 1980-vx Kao cnpaTHu
06jeKkTu, pasyheHe reomeTpuje, ca jacNeHum jeanHULN-
Ma Ha CnpaTy a CTapujy M rpynama v npatehnm cagpaju-
Ma y npusemsby, ca MoryRHowRy 13nacka y AsopuliTe.
KpoBOBM Cy KOCW, CIIOKEHE reoMeTpYje.

OTBOPW Ha CMeWTajHUM jeduHMLUaMa Cy y Buay
NPO30PCKUX Tpaka Koje ce MPOCTUPY LENOM AYKMHOM
dacagHor 31aa, a 3axBasbyjyhn pasyheHoj ocHosK obes-
6eheHo je NPUPOAHO OCBET/bEHE 1 NMPOBETPABaHE CBIX
npocTopa.

High-capacity kindergarden facilities were built
in the 1970s and 1980s as two-story buildings with a
complex floor plan, in which nursery units are located on
the upper floor while the older age units and comple-
mentary spaces are on the ground floor, with access to
the yard.

The pitched roofs have complex geometry.
The ribbon windows cover the entire structural spans,
and the complex layout provides natural light and venti-
lation to all spaces.



e

Objekar je paheH Cy y MacVBHOM apMMpPaHOOETOH-
CKOM CMUCTEMy, Ca DETOHCKMM TaBaHMUama 1 ApBEHOM
KPOBHOM KOHCTPYKUMjom. DacaHy 3140BK CYy Maxom
CeHBMY KOHCTPYKLUMjE Ca apMUPAHNM HETOHOM, TEPMO-
n3onaumjom 1 GacagHoM ONeKOM. Y CKNOMy KOCOT KPOBa
Tepmousonaumja je y aebrbnHin poroea (12cm). Mpo3opu
Cy APBEHW, jeJHOCTPYKM, 3aCTak/beHN ABOCTPYKMUM Tep-
MOM30M1aLUMOHMM CTaknoM. logosn cy paheHn y ckna-
[y Ca HaMeHOM MpocTopuje, Ha BETOHCKO] nnoun 6e3
TepmMmovzonauuje.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

Ll — nepnop 1971-1990. C - period 1971-1990

The load bearing structure is a reinforced concrete
system with concrete floor slabs and a wooden roof
construction. The facade walls are sandwich structures
of reinforced concrete, thermal insulation and facade
brick. The thickness of the thermal insulation in the
pitched roof construction is that of the rafters (12cm).
The windows are wooden single sashes with insulat-
ing double glazing. The flooring was placed on concrete
slabs without thermal insulation, in accordance with the
purpose of the space.

Energy class of building — as designed

Qe %] Q,,, [kwh/(m?a)]
260 195
<15
<25
_ <50
<100
<150
<200
<250
> 250
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CKnonoBu TEpMUYKOT OMOTaya — noctojehe ctawe — Elements of the thermal envelope — existing

Cnosballksen 31a

External Wall

U (W/m?K)

Koc kpoB

Pitched roof

U (W/m?K)

Noa Ha Ty

Ground floor

U (W/m?K)

YHyTpa Inside

Cnorba Outside

apMypaHu 6eToH 16 cm, TepMoun3onauja

4cm, dacagHa oneka 12 cm

concrete 16cm, thermal insulation 4cm,

facade brick 12cm

0.60

Cnosba Outside

.

YHyTpa Inside

upen, netese 5/3 cm, Tep Nanup, Porosu
12cm /Tepmousonauuja 12cm, MBL donuja,
netse 5/3 cm, rMNc KapToHCKe nnove

1.25cm

clay tiles, battens 5/3, roofing paper, wood
rafters 12cm, thermal insulation 12cm, PVC
sheet, battens 5/3, gypsum board 1.25cm

040

YHyTpa Inside
I

Cnosba Outside

nHoneym 0,2 cm, LemMeHTHa

Kowysbula 4cm, 6eToHCKa nnova 5 cm,
Xvapowv3onaunja, apMnpaHo 6eToHCKa
nnova 8 cm, WbyHak 15 cm, HabujeHa

3emM/ba

linoleum 0.2 cm, cement screed 4 cm,
concrete 5cm, hydro insulation, concrete
8cm, gravel 15 cm, rammed earth

0.38

31A NpemMa HerpejaHom
TaBaHCKOM MPOCTOPY

Partition wall to
unheated attic

U (W/m?K)

MebhycnpatHa
KOHCTPYKLIWja NCMOA
HerpejaHor TaBaHCKor
npocTopa

Floor construction to
unheated attic

U (W/mK)

Mpo3opwu

Windows

U (W/m?K)

YHyTpa Inside

apmMypaHu 6eToH 16 cm

concrete 16cm

3.04

Cnosba Outside

Cnosba Outside
YHyTpa Inside

apmvpaHu 6eToH 20 cm

conrete 20cm

350

Cnosba Outside

LPBEHU jeHOCTPYKM Ca
CTaknom

wooden singleframe with double glazing

3.10

YHyTpa Inside

LBOCTPYKMM
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TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npoctopuja

Heating system

CreneH KOpUCHOCTW
cucTema rpejarba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpalutba pacBeTa

Interior lighting

Cuctem LeHTpanHor rpejarba ca
paanjaTopm1ma Kao rpejHmM Tenvma. 3rpaja
je nosesaHa Ha cyCcTeM asbUHCKOT rpejarba,
ay TOMnaHy Ce Kao OCHOBHO rOP1BO
KOPUCTV NPUPOAHN rac.

The central hydronic heating system with
radiators is installed. Building is connected
to district heating system, with thermal
plant using natural gas as primary energy
source.

0.75

Lighting system

¥ A

Mpema nocTojehem CTarby Matbh eo
objeKTa NMOKPUBEH je MHKAAECLEHTHM
ocBeT/berbem, a Behn dryopecleHTH!M
ocBeT/berbeM. He nocToju aytomatcka
KOHTpONa oCBeT/betba.

Smaller part of the kindergarten is lightened
with incadescent lighting and bigger part
with fluorescent lighting. No automatic
lighting control.

Cuctem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CreneH Kop1cHOCTM
npvnpemMe caHuTapHe
Tonne Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHuTapHa Tonna BoAa ce npunpema y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

o —

0.5 1

.

KrBuHe crjanuue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

Y 3rpagama OBOr TWMa CMeLTeHe Cy KOMOMHOBaHe
Jeunje ycTaHose Beher kamaumTeTa, Hajuewhe npea-
BrheHe 3a rpyne CBUX y3pacTta 1 ca 6pojHum npatehmm
cagpajuma. ObjekTn cy pasyheHe oCHOBE, CMPaTHOCTK
M+1, pehe M+2.

Mpeosnahyjy cKeneTHu APMMPAHOOETOHCKM
KOHCTPYKTVBHW CKNOM U KOCK KDOBOBK, MaAa Cy MpUMeT-
Ha OACTYNarba NOjeANHNX KOHCTPYKTUBHYIX enleMeHarta y
O[HOCY Ha OCHOBHY TUMNCKK ObjeKaT. PacagHn 3MA0BK Cy
PasnnyUT CKONOBN ,CeHABMY" KOHCTPYKUWje. [Tpo3opu
Cy Maxom y BuUay MpPO30PCKMX Tpaka, APBEHN, ABOCTPY-
Ku. BehnHa enemeHaTa TepMUUKOr OMOTaYa je 1305108Ba-
Ha, CyncTaHAapAHO NpemMa faHallHM NPONUC1Ma.

The facilities of this type accommodate combined
childcare institutions of high capacity, most often
with groups of all ages and numerous complementa-
ry contents. The buildings have a complex floor plan
and usually one or, more seldom, two levels above the
ground floor.

The predominant load-bearing structure is in the
reinforced concrete frame system with a pitched roof
although certain structural elements show noticeable
variations in relation to the basic type. The facade was
done in various “sandwich wall” structures. The windows
are mainly in the form of ribbons, with wooden double
sashes. Most of the thermal envelope elements have
insulation layers, the thickness of which is substandard
according to the current regulations.



Ll — nepnop 1971-1990. C - period 1971-1990

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Yrpagrba Hosux npo3opa og MBL, npoduna ca ABOCIOJHIM U30MaLMOHMM CTaK0-NaKETOM.

Installation of new PVC windows with double glazing.

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagra HOBWX MPo30pa W ynasHux Bpata of MBL mpoduna ca ABOCIOjHWM M30MALUMOHUM HUCKOEMUCHOHMM CTaKNo-NakeTom (cpearba
3anTVBEHOCT).

Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

130n0Batbe GacapHWX 3MA0Ba KOHTAKTHOM TEPMOM30MaLMOHOM Gacafom. M3onoBarbe yHyTPalHbMX 3MA0Ba Ka HerpejaHoM npocTopy.
13onoBarbe KOCOr KpoBa y3 AenMMUYHY PEKOHCTPYKLM]Y ClojeBa Ca Crnosballtbe CTpaHe. V3onoBare mehycnpatHe KOHCTPYKLUWje 1cnog
HerpejaHor npoctopa npeko noctojehix cnojesa. Yrpaara HOBMX NPo30pa 1 ynasHux spata o MBL npodwina ca ABOCNOjHMM V30MaLMOHUM
HVICKOEMUCUOHKM CTaKJ0-MakeToM (CpeaHba 3amnTBeHOCT).

Insulation of facade walls with a contact fagade system. Insulation of interior walls to unheated area. Exterior insulation of pitched roof
structure with partial layer reconstruction. Insulation of floor structure to unheated attic over existing layers. Installation of new PVC windows
and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

130noBarbe pacapgHUX 3MA0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. M3onoBarbe YHyTPalbUX 3MA0Ba Ka HerpejaHoM npocTopy.
/130n0Batbe KOCOr KPOBa Y3 AENVIMUUHY PEKOHCTPYKLM]Y ClojeBa Ca Cnosballkbe CTpaHe. V3onosare MehycnpaTHe KOHCTPYKLMje UCMOA
HerpejaHor Npoctopa Npeko nocTojehux cnojesa. 13on0sarbe Nofa Ha Ty y3 AeUMUYHY PEKOHCTPYKUMJY CojeBa. Yrpafitba HOBYIX NPO30opa
11 YNa3HUX BPaTa Off KOMMO3UTHMX NPOdKNa ca TPOCIOJHMM M30MALMOHNM HUCKOEMCUOHMM CTaKNO0-NakeToM (Bobpa 3anTnseHoCT).
Insulation of facade walls with a contact fagade system. Insulation of interior walls to unheated area. Exterior insulation of pitched roof
structure with partial layer reconstruction. Insulation of floor structure to unheated attic over existing layers. Insulation of ground floor with
partial layer reconstruction. Installation of new composite windows and entrance doors with triple-glazed low-emissivity glass unit (good
air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31

External wall

U (W/m?K)

3ua Npema HerpejaHom
TaBaHCKOM MPOCTOPY

Partition wall to
unheated attic

U (W/m?K)

Koc kpoB

Pitched roof

YHanpeherbe 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.60

Improvement 1

Cnosba Outside

<
T
Q
|

ie]
D
o
D
F
o

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

3.04

Improvement 1

Cnorba Outside

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

040

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

apmMupaHv 6eToH 16 cm, TepMoun3sonauja

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

bt

apmMupaHu 6eToH 16 cm, TepMoun3sonauyja

4cm, dacasiHa oneka 12 cm, Tepmomsonaymja 4cm, pacagHa oneka 12 cm, Tepmovisonaumja

10 cm, mantep 1 cm

concrete 16¢m, thermal insulation 4cm,
facade brick 12cm, thermal insulation 10,
plaster Tcm

0.23

20 cm, mantep 1 cm

concrete 16¢cm, thermal insulation 4cm,
facade brick 12cm, thermal insulation 20,
plaster Tcm

0.14

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnorba Outside

rMNC KapToHCKa nnoya 1.25 cm,
MOTKOHCTPYKUWja/ Tepmownsonaumja 10 cm,
apmMypaHu 6eToH 16 cm

gypsum board 1.25 cm, substructure/
thermal insulation 10 cm,concrete 16 cm

0.32

YHanpeherbe 3 Improvement 3

YHyTpa Inside
Cnorsba Outside

rMNC KapToOHCKa nnoya 1.25 cm,
MOTKOHCTPYKUWja/ Tepmowsonaumja 10 cm,
apmMypaHu 6eToH 16 cm

gypsum board 1.25 cm, substructure/thermal
insulation 10 cm,concrete 16 cm

0.32

Cnosba Outside

% N
b e 1

LA

YHyTpa Inside

upen, neTee 2x5/3 cm, Tep Nanvp, AalyaHa
onnata 24 cm, gnuctanuepw 5/15 cm/
Tepmousonauuja 15 ¢m, porosu 12 cm/
Tepmomsonauuja 12cm, MBL donuja, netse
5/3 cm, r1nc KapToHcKe nnoye 1.25 cm

clay tiles, battens 2x5/3 cm, roofing paper,
planks 2.4cm, wood spacers 5/15, thermal
insulation 15cm, wood rafters 12cm, thermal
insulation 12cm, PVC sheet, battens 5/3,
gypsum board 1.25cm

0.20

Cnosba Outside

YHyTpa Inside

upen, neTge 2x5/3 cm, Tep Nanvp, AallyaHa
onnata 24 cm, gnuctanuepw 5/25 cm/
Tepmousonauuja 25 ¢m, porosu 12 cm/
Tepmomsonauuja 12cm, MBL donuja, netse
5/3 cm, rMnc KapToHcKe nnoye 1.25 cm

clay tiles, battens 2x5/3 cm, roofing paper,
planks 2.4cm, wood spacers 5/25, thermal
insulation 25cm, wood rafters 12cm, thermal
insulation 12cm, PVC sheet, battens 5/3,
gypsum board 1.25cm

0.14
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

MebhycnpaTHa

KOHCTpYyKUWja ncnog
HerpejaHor TaBaHCcKor

npoctopa

Floor structure to
unheated attic

U (W/mK)

lNopa Ha Ty

Ground floor

U (W/m?K)

[Mpo3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

3.50

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside

ME ponwja, Tepmomsonauumja 15 cm,
apmvipaHu 6eToH 20 cm

PE foil, thermal insulation 15cm, concrete
20cm

0.23

YHanpeberbe 3 Improvement 3

Cnorsba Outside

RIXRERX,

YHyTpa Inside

ME donwja, Tepmomnsonaumja 25 cm,
apmMypaHu 6eToH 20 cm

PE foil, thermal insulation 25cm, concrete
20cm

0.14

YHyTpa Inside

y

Cnospa Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

HEMA N3MEHA HEMA N3MEHA napkeT 2.2 cm, UemMeHTHa Kolwysbuua 4 cm,

— — Tepmom3onauuja 5 cm, 6eToHcKa nnoya 5 cm,

NO CHANGES NO CHANGES X1APOV30aumja, apMMpaHo 6eTOHCKa niova
8 cm, WbyHak 15 cm, HabujeHa 3emsba
parquet 2.4 cm, cement screed 4 cm,
thermal insulation 5¢cm, concrete 5¢m, hydro
insulation, concrete 8 cm, gravel 15 cm,
rammed earth

0.38 0.38 0.23

[ [ [ [ [ [}

e, el el el el S

g 2 2 g= 2 2

3 5 F g 3 g

2 7 % 2 q % 2 g %

g = 2 = 2 =

v} g @]

[1BL| ca ABOCNOjJHUM HUCKOEMUCUOHMM
CTaKs0 NakeTom

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

1.40

[1BL} ca ABOCNOjJHUM HUCKOEMUCUOHUM
CTaK/IO NakeToM

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

140

KomMno3uTHU Npodui ca TpOCojHM
HUCKOEMUCHOHMM CTaKO NakeToM
MCMYHEHUM MHEPTHUM racoM

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdukacHocT cructema
rpejarba

Heating system
efficiency

[pvnpema caHvTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NPOCTOPa: Aa/bUHCKO rpejarbe C KOTIOM Ha
NPUPOAHW rac y ToMnaHw.

The existing heating system is retained:
district heating with natural gas fired plant.

092

EneKkTpuruHm akymynaumonm 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpPa: Aa/bVMHCKO rpejatbe C KOT/IOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:
district heating with natural gas fired plant.

092

EneKTpuuHyM akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMNPeCcopcKe TOMOTHe nymre
Ba3ayx/Bofa Ca XvAPOMOAYIOM.
Installation of air-source heat pump with
hydromodule.

30

TonnoTHa nymna Ba3ayx/Bofa 1 ConapHu
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).
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Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

61%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

65%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

67%

| | |
0% 50% 100%

Ne}
(%]
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

YHanpeherse 1
Improvement 1

25%

21%

) TpaHCMUCHOonM ry6rLm — transsmission losses

1400
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YHanpehetse 2
Improvement 2

BeHTUNaunoHn rybuum — ventilation losses

1400
1200
1000

800

600

i
7

—
OI
1

YHanpeherse 3
Improvement 3

21% 15%

520 66%

ywrefe — savings

1400
1200
1000
800
600

400

I I 200 I

3 4

I -I
2

1- Cnorbalutbi 3uf, 2- NPo30pH, 3- BpaTa, 4- KOC KPOB, 5- 3UA NpemMa HerpejaHoM TaBaHy, 6- MefycnpaTHa KOHCTPYKLWMja 1cnog,

HerpejaHor TaBaHa, 7- nof Ha Ty — 1-
unheated attic, 7-ground floor

external wall, 2- windows, 3- doors, 4- pitched roof, 5- wall to unheated attic, 6- floor structure to

151 195
| | kWh/m? a
<188 >188 500
<200 <250 >250 rel %

2 3 4 5 6 7
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 522925
;i nal energy Y
]
[kWh/a] | | I I I I
0 50 100%
3%2 224%1 3&626
6.5% 430% 72.8%
lMpymapHa eHepruja 604295
v

e ]
| | | |

|
[kwh/a] 0 a a 50 n 100%
85205 276545 447766
14.1% 458% 74.1%

Emmcmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa

oy emission afte ]
architectural and HVAC : | | |

. |

improvement 0 5 A 4 100%
45159 72444 106688

lkg/a] 32.7% 52.5% 77.3%

Emmcuja CO, HakoH A @ 8

yHanpehetba crcTema 3552

paceTe

lighting improvement | (N
A AA 5° o

[kg/al 1188 1251 1372
33.4% 35.2% 38.6%

Q- 9+= @

o

| | |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE ﬁ yHanpeherse 1 a yHanpehetbe 2 a yHanpehetbe 3

starting condition usual interventions improvement 1 improvement 2 improvement 3






D period after 1991
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O Wi

MpepwkKoncka yctaHoBa
noBpLUnHe 500-2000 m?

A7 =

Kindergarten
with area 500-2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 2012, Year of construction 2012
Bpoj eTaxa Mp+1 Number of floors Gf+1
MospLnHa (M?) 6pyTo 1590 Area (m?) Gross 1590
MospLnHa (M?) HeTo rpejaHa 1450 Area (m?) Net heated 1450
3anpemuHa (m?) HeTo rpejaHa 5350 Volume (m?) Net heated 5350

3rpana NpeaLwKkoncKke yCctaHoBe HoBMjer JaTyMa 1ma
npusem/be 1 NoByyeHn cnpar. OCm Ocam CMeLTajHIX
jennHmLa, y 0bjeKkTy Ce Hanase v oCTanu KOMMIeMeHTapHW
canpxaju npeasrheHn 3a KOMOVHOBaHe feunje yCTaHoBa
osor Tina. Ctapuje rpyne, CMeWTeHe Y Npusemby, Majy
AVIPEKTaH 13n1a3 y ABopuLTe. KpoBOBK Cy PaBHW, HEMpo-
xoaHN. OTBOPW Cy BULIEAECIHN, BEIMKNX AUMEH3M]a.

200

The kindergarden building of a recent date has a
recessed upper level over the ground floor. In addition to
the eight accommodation units, the building has other
complementary spaces that belong to combined child-
care facilities of this type. Older age group units, located on
the ground floor, have direct access to the yard. The roofs
are flat structures and the windows are large, multi sashed.



]
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ObjekaT je paheH cy y CKkeneTHOM apMVPaHOOETOH-
CKOM CnCTEMY, Ca TaBaHMLaMa of MyHWX OETOHCKUX MS10-
ua. MacagHn 3KOOBM Cy CEHABWY KOHCTPYKUMje (rutep
610K, TEpMOM30aLMja 1 NyHa oneka), 000CTPaHO Mar-
TepucaHu. HenpoxodaH paBaH Kpos uma XPS Tepmo-
n3onauujy aebmune 12cm. GacagHa cTonapuja je Kom-
O6vHaumMja NNacTMOUUMPAHOr anyMUHWjyMa 1 OPBET],
3acTak/beHa ABOCTPYKMM TEPMOW30MALMOHUM CTaKIOM.
Mopnosw cy paheHr Ha BETOHCKO] M0YKM Ca TePMOW30a-
LMOHMM CIIOjeM.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

[ - nepuviog nocne 1991. D - period after 1991

The load bearing structure is in the reinforced
concrete frame system and concrete slabs. The facade
walls are sandwich structures (hollow block, thermal
insulation and full brick), plastered on both sides. The
flat roof has 12cm XPS thermal insulation. The facade
window frames are a combination of plasticized alumin-
ium and wood with insulating double glazing. The floor-
ing is placed on the concrete slab with a thermal insula-
tion layer.

Energy class of building - as designed

Qg [%] Q,,, [kWh/(m?a)]
110 82

<15

<25

B <50
<100
<150 n
<200

<250

> 250
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CKnonoBu TEpMUYKOT OMOTaya — noctojehe ctawe — Elements of the thermal envelope — existing

Cnosbalksn 3ua 1

External Wall 1

U (W/mZK)
Cnosbalwbn 3ug 2

External wall 2

U (W/m?K)

Cnosbaltsn 3ua 3

External wall 3

U (W/m?K)

202

PaBaH KpoB

Flat roof

YhyTpa Inside
Cnorba Outside

Mantep 2cm, rutep 6510k 25 cm,
anymmnHujymcka ¢ponuja, Tepmorsonauvja

8 cm, oneka 25cm, mantep 2cm, kKameHe
nnove 3cm

plaster 2cm, clay block 25 cm, Al sheet,
thermal insulation 8cm, brick 25cm, plaster
2cm, stone tiles 3cm

0.30

U (W/m?K)

YHyTpa Inside

lNog Ha Ty

Cnosba Outside

mantep 2cm, rutep 610k 25 cm,
anymvHujymcka ¢ponuja, TepMomnsonaumija
8cm, oneka 12cm, mantep 2.5cm

plaster 2cm, clay block 25cm, Al sheet,
thermal insulation 8cm, brick 12cm, plaster

2.5cm

032

(] == === Q)

o o

z Z

= S

©

o ©

> 2

= 2
(@}

U (W/m?K)

ManTep 2cm, apmmpanu 6etoH 16 cm,
anymvHujymcka gponvja, Tepmomnsonauivja Mpo3opu
8cm, oneka 12cm, mantep 2.5cm

plaster 2cm, concrete 16¢cm, Al sheet, Windows
thermal insulation 8cm, brick 12cm, plaster
2.5cm
035
U (W/m?K)

Cnorba Outside

S

YHyTpa Inside

W/byHaK 5 cm, xuapowvsonauuja 1 cm, naku
6eToH 3a nag 3-30cm, Tepmom3sonauja

12 cm, BUTymMeHcCKa Tpaka ca an. ponmjom,
apmMypaHobeToHcKa nnova 20 cm, BasayLwHM
npocTop 40 cm, rMnckapToHcka naova 1.25 cm
gravel 5cm, hydroinsulation layer 1cm,
lightweight concrete to fall 3-30cm, thermal
insulation 12cm, vapour control layer
(bituminous sheet with Aluminum), concrete
slab 20cm, air space 40 cm, gypsum board
1.25cm

0.25

Ground floor

Cnosba Outside

YHyTpa Inside

napket 2.2 cm, UeMEeHTHa Kowwysbuua 4 cm,
[BL| donuja, Tepmounsonaumja 4 cm, apMmpaHo
6eToHCKa nnoya 15 cm, WwWibyHak 95cm
apmmnpaHo 6eToHcKa nnoda 30 cm, LWibyHak
15UM, HabujeHa 3emrba

parquet 2.2 cm, cement screed 4cm, PVC foll,
thermal insulation 4cm, concrete 15cm, gravel
95cm, concrete 30cm, gravel 15¢cm, rammed
earth

0.20

YHyTpa Inside

Cnorba Outside

JeAHOCTPYKM anyMVHW]yM-0PBO MPO30p
3aCTak/beH ABOC/IOJHUM CTaK/O NaKeToM

aluminium-wood composite single-frame,
double-glazed window

290




[ - nepuviog nocne 1991. D - period after 1991

TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby, BPTVH Ce 3arpesao
CUCTEMOM LIEHTPASHOT rpejarba, Ca KOTIOM
Ha TeuHo ropveo. KacHuije je cuctem 3a
rpejarbe NoBe3aH Ha TomaHy Koja Kao
113BOP TOM/IOTE KOPUCTV NPUPOAHN rac.
Originally, central heating system with liquid
fuel fired boiler was used for heating. Later
on, the same heating system was connected
to district heating system with natural gas
fired plant.

0.75

Lighting system

» A8 ¢

Hajsehw feo spTiha je nokpriseH
bnyopecleHTHIM OCBeTIbEHEM a Matbi
10BN NHKAAECLIEHTHIM OCBET/bEHEM,
CFL ocseTbersem 1 LED ocseTrbersem. He
NOCTOjV ayTOMATCKa KOHTPOSa OCBET/berba.
The bigger part of the kindergarten is
lightened with fluorescent lighting and
smaller partis lightened with incadescent
lighting, CFL lighting and LED lighting. No
automatic lighting control.

Cuctem npunpeme
CaHWTapHe Tonne Boae
Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTH
npunpeme caHuTapHe
Tonne Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

o —

CaHuTapHa Tonna BoAa ce npunpema y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0.5 1

8 0

KusrHe crjanuue 1 MeTan xanoreHe
cujanmue.

Mercury vapor bulbs and metal halogen
bulbs.
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

3rpane NPeaWKoNCKMX YCTaHOBa HOBMjer naTyma
KapakTepuile CaBpeMeHu apxXMTEKTOHCKK 13pa3, Kao U
bopMrparbe 1 rpynincarbe GyHKLMOHANHKX CKIOMOoBa Y
CKMady Ca aKTyelHUM NPOJeKTaHTCKUM MOCTynaTnma v3
oBe o6nactn. ObjekTn 0buuHo cagpke 8-10 jeanHuLa ca
CBVM KOMTMIEMETAPHUM CaapKajima. JenHmLe Ce HXKyY
Y TPAKTOBMMa, a rabapwuti cy pasyhexn wro omoryhaga
NPUPOLHO OCBET/bEHE U BEHTUMALM]Y CBMX MPOCTOPA.

MNpeosnahyje cKeneTHU apMUPaHOOETOHCKM CKAom,
AOK Cy dacaHW 3voBM ,CEHABMY KOHCTPYKUMje Ca
TEPMOM30MaLMOHNM Crojem. [po3opu Cy jeHOCTPYKMY,
3aCTaK/beHM TEPMOM30MALIMOHMM CTAKIOM.

The preschool facilities of a recent date of construc-
tion are characterized by a contemporary architec-
tural expression as well as the formation and group-
ing of functional units in accordance with the current
design concepts in the given field. The buildings typical-
ly contain 8-10 units with all complementary contents.
The units form a series of volumes with the complexity
of layout that provides natural lighting and ventilation of
all spaces.

The predominant load-bearing structure is in the
reinforced concrete frame system, while the facade walls
are "sandwich” structures with a thermal insulation layer.
The windows are single-framed thermally insulated glass
units.



[1- nepvoa nocne 1991. D — period after 1991

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

YHanpeherse 3

Improvement 3

V3onoBarbe paBHOM KpPoBa Y3 MUHUMAMHY PEKOHCTPYKLMjy cnojeBa. Yrpafrba HOBUX Mpo3opa W ynasHux BpaTa of MBL npoduna ca
ABOCSOJHUM M30A1aLMOHNM HUCKOEMUCHOHMM CTakKO-NakeTom (Cpedba 3anTvBeHOCT).

Insulation of flat roof structure with minor layer reconstruction. Installation of new PVC windows and entrance doors with double-glazed low-
emissivity glass unit (mid-range air-tightness).

113onoBarbe paBHOM KPOBa y3 MHUMaNHY PeKOHCTPYKLM)Y CojeBa. Yrpafrba HOBKX Mpo30pa 1 ynasHux Bpata oA INBL| npodurna ca ABocnojH1M
130M1aLMOHNM HYCKOEMWCUOHIM CTaK0-NaKeToM (Cpefirba 3anTMBeHoCT). [naHnpaHe Mepe ce Noknanajy ca Mepama vi3 yHanpeherba 1.
Insulation of flat roof structure with minor layer reconstruction. Installation of new PVC windows and entrance doors with double-glazed low-
emissivity glass unit (mid-range air-tightness). Proposed measures are in line with improvement 1 interventions.

1130n0Barbe GpacagHyIx 3140Ba KOHTaKTHOM TePMOM30M1aLMOHOM dacajom. 130108arbe PaBHOT KPOBA Y3 MUHWMANHY PEKOHCTPYKLM)Y CllojeBa.
V3onoBatbe Noda Ha Ty y3 AeUMUYHY PEKOHCTPYKLM)Y Cnojesa. Yrpadkba HOBUX MPO30pPa W yNa3Hyx BpaTa Of KOMMO3UTHYX npoduna ca
TPOCOJHM U30MALMOHVIM HUCKOEMCUOHMM CTakI0-NakeTom ([o0pa 3anTeeHoCT).

Insulation of facade walls with a contact fagcade system. Insulation of flat roof structure with minor layer reconstruction. Insulation of ground
floor, with partial layer reconstruction. Installation of new composite windows and entrance doors with triple-glazed low-emissivity glass unit
(good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnospaltbu 3ug 1

External wall 1

U (W/m?K)

Cnosballitbu 3ug 2

External wall 2

U (W/m?K)

Cnospallitbu 31a 3

External wall 3

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.30

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.30

Cnosba Outside

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

mantep 2cm, rutep 610K 25 cm,
anymmnHmujymcka gponuja, tepmorizonaumja 8
cm, oneKa 25cm, Mantep 2cm, KameHe niaove
3cm, Tepmomsonaumja 10 cm, mantep 1 cm
plaster 2cm, clay block 25 cm, Al sheet,
thermal insulation 8cm, brick 25cm, plaster
2cm,stone tiles 3cm, thermal insulation 10cm,
plaster 1

0.16

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.32

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

S

HEMA M3MEHA

NO CHANGES

0.32

I
Cnosba Outside

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

mantep 2cm, rutep 610K 25 cm,
anymmHujymcka gponuja, tepmorizonaumja

8 cm, oneka 12cm, mantep 2.5cm,
Tepmomsonauuja 10 cm, mantep 1 cm
plaster 2cm, clay block 25cm, Al sheet,
thermal insulation 8cm, brick 12cm, plaster
2.5cm, thermal insulation 10cm, plaster Tcm

0.17

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

035

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

035

Cnosba Outside

YHanpeberbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

ManTep 2cm, apmvipaHu 6eToH 16 cm,
anymmnHujymcka gponuja, tepmorizonaumja
8.cm, oneka 12cm, mantep 2.5cm,
Tepmomsonauuja 10 ¢cm, mantep 1cm

plaster 2cm, concrete 16cm, Al sheet, thermal
insulation 8cm, brick 12cm, plaster 2.5cm,
thermal insulation 10cm, plaster Tcm

0.18




[ - nepuviog nocne 1991. D - period after 1991

CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

PaBaH kpoB

Flat roof

U (W/m?K)

Moa Ha Ty

Ground floor

U (W/m?K)
[po3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

SRR IR

YHyTpa Inside

XVApou3onaLvoHa MembpaHa, TepmounsonaLivja
15 cm, nakv 6eToH 3a nag 3-30cm,
Tepmomsonaumja 12 cm, brTymeHcka Tpaka ca
an. donujom, apmmpaHobeToHcKa nnova 20 cm,
BasAyLHK npoctop 40 cm, r’MNCKapTOHCKa
nnoya 1.25 cm

hydroinsulation membrane, thermal insulation
15cm, lightweight concrete to fall 3-30cm,
thermal insulation 12cm, vapour control layer
(bituminous sheet with Aluminum), concrete
slab 20cm, air space 40 cm, gypsum board
1.25cm

0.13

YHanpehetbe 2 Improvement 2

Cnosba Outside

SRR

—_
YHyTpa Inside

XVApou3onaLroHa MembpaHa, Tepmousonativja
15 cm, nakv 6eToH 3a nag 3-30cm,
Tepmowmsonaumja 12 cm, GuTymeHcKa Tpaka ca
an. donujom, apmmpaHobeToHcKa nnoyva 20 cm,
Ba3AyLWHK npoctop 40 cm, r’MNCKapTOHCKa
nnoya 1.25cm

hydroinsulation membrane, thermal insulation
15cm, lightweight concrete to fall 3-30cm,
thermal insulation 12cm, vapour control layer
(bituminous sheet with Aluminum), concrete
slab 20cm, air space 40 cm, gypsum board
1.25cm

0.13

YHanpeberbe 3 Improvement 3

Cnorsba Outside

AANANS

SAANNAANANYAA

YHyTpa Inside

XOPOM30naLMoHa MembpaHa, Tepmomr3sonaLyja
20 cm, nakum 6eToH 3a nag 3-30cm,
Tepmousonaumja 12 cm, bTymeHcKa Tpaka ca
an. onunjom, apmripaHobeToHcKa nnova 20 cm,
Ba3fyLHK NpocTop 40 cm, rMNCKapTOHCKa
nnoya 1.25 cm

hydroinsulation membrane, thermal insulation
20cm, lightweight concrete to fall 3-30cm,
thermal insulation 12cm, vapour control layer
(bituminous sheet with Aluminum), concrete
slab 20cm, air space 40 cm, gypsum board
1.25cm

0.11

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

HEMA N3MEHA HEMA M3MEHA napket 2.2 cm, UemMeHTHa Kowysbuua 4 cm,
_ — IMBL| donuja, Tepmomnsonaumja 9 cm, apmmpaHo
NO CHANGES NO CHANGES 6eTOHCKa nnova 15 cm, WrbyHak 95cm,
apmmpaHo 6eToHcKa nnova 30 cm, WbyHak
15UM, HabujeHa 3emrba
parquet 2.2 cm, cement screed 4cm, PVC foil,
thermal insulation 9cm, concrete 15cm, gravel
95cm, concrete 30cm, gravel 15cm, rammed earth
0.20 0.20 0.16
[} [ [ () [ [}
he) o i) he) o )
g £ 2 z E 2
2 g E d E g
2 > 2 > 2 =
2 = 2 S 2 =
(] ] (]

[NBLI ca ABOCNOjJHUM HUCKOEMUCUOHMM
CTaKMO NakeTom

"PVC, double glazed low-E glass unit,
inert gas filling”

1.40

[1BL| ca ABOCNOjJHNM HUCKOEMUCUOHUM
CTaK/10 NakeTom

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

1.40

Komno3uTtHM npodun ca TPOCIojHM
HUCKOEMUCVOHNM CTaKO NaKeTOM
NCMYHEHUM MHEPTHUM racomM

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

0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdukacHocT cructema
rpejarba

Heating system
efficiency

[pvnpema caHvTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NPOCTOPa: Aa/bUHCKO rpejarbe C KOTIOM Ha
NPUPOAHW rac y ToMnaHw.

The existing heating system is retained:

district heating with natural gas fired plant.

EneKkTpuruHm akymynaumonm 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpPa: Aa/bVMHCKO rpejatbe C KOT/IOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:

district heating with natural gas fired plant.

092

EneKTpuuHyM akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMNPeCcopcKe TOMOTHe nymre
Ba3ayx/Bofa Ca XvAPOMOAYIOM.
Installation of air-source heat pump with
hydromodule.

30

TonnoTHa nymna Ba3ayx/Bofa 1 ConapHu
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



[1- nepvoa nocne 1991. D — period after 1991

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

56%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

60%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

62%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

700

600

500

400

300

200

100

YHanpeherse 1
Improvement 1

YHanpehetse 2
Improvement 2

YHanpeherse 3
Improvement 3

35% 35% 35%

20% 20% 31%

) TpaHCMUCHOonM ry6rLm — transsmission losses BEHTUAUMOHN rybuum — ventilation losses ywtege — savings

700 700 700
]
I 600 600 600
I 500 500 500
I 400 400 400
I 300 I 300 I 300
II I ) II ) II )
[ | || -l -
II I : II I : II I : II I
I | | |
12 3 45 12 3 45 12 3 45 12 3 45
1- cnosballby 31g, 2- NPO30pK, 3- BpaTa, 4- paBaH KPoB, 5-Nof Ha Ty
1- external wall, 2- windows, 3- doors, 4- flat roof, 5- ground floor
82
| kWh/m? a
<12 <20 <38 <75 <188 >188 500
<15 <25 <50 <100 <150 <200 <250 >250 rel %
| | |
52 60 60



[ - nepuviog nocne 1991. D - period after 1991

YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

OuHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmcmja CO, HakoH
npumeHe rpaheBUHCKNX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

o —

o —

I |

o —

M

28859
16.5%

MOMa3Ho CTakbe
starting condition

Y

50

e 50
72147
33.6%

50

1 | |
a a n 50
4496 4734 5190
37.9% 39.9% 43.7%

Q-+ 9+= @

|
Hajuewhe vHTEPBEHUWMjE yHanpeherse 1
A improvement 1

usual interventions

A

38238
68.4%

yHanpehetbe 2
improvement 2

175193

v

214678

v

®

55880

-4

B9 8D

11867

100%

yHanpehetbe 3
improvement 3
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A3

D3 LLLI

MpepwkKoncka yctaHoBa
noBpLmnHe Behe og 2000 m?

A7 =

Kindergarten
with area more than 2000 m?

KaTeropuja npeauwKoncka yctaHosa  Category kindergarten
[oavHa n3rpagme 2015, Year of construction 2015
Bpoj eTaxa Mp+1 Number of floors Gf+1
MospLnHa (M?) 6pyTo 2470 Area (m?) Gross 2470
MospLnHa (M?) HeTo rpejaHa 2165 Area (m?) Net heated 2165
3anpemuHa (m?) HeTo rpejaHa 7105 Volume (m?) Net heated 7105

CnobogHocTojehn cnpaTHW objekaT MnpeaLKoncke
ycTaHoBe Gopmvpajy ABa GyHKLMOHaNHa TpakTa, NocTa-
B/bEHa Mpema 3axTeBaHOj OpwjeHTauuju 3a OBy BPCTY
objekaTa (nMpocTopuje y Kojuma bopase Aella Cy jyxHe
opjeHTauumje), Koja ce CyderbaBajy y UEHTPANHOM Aesny
objekTa. DyHKUMOHaNHa KoHUenuuja objekta 6Gasmpa-
Ha je Ha OpraHW3alUMOHO] LeMM Tpynmncakba Cajpaja
CPOMHVIX HaMeHa v AndepeHUMjaLmjyi HameHa Nno HUBO-
nma. Jacnere 1 mnahe BpTrhke rpyne Cy Ha cnpaty, oK
cy CTapuje BpTuhKe rpyne y npusemby ca moryhHowhy
M3nacka y agopuiite. KpoBOBM Cy PaBHMW, HEMPOXOAHM.
OTBOPV Cy Y BMAY NPO30PCKMX TpaKa U 31z 3aBece.

The freestanding two-story kindergarden facility is
formed by two functional volumes, positioned according
to the requirements for this type of buildings (the rooms
occupied by children should be south oriented) and
joined at the central segment. The functional concept of
the facility is based on the organizational scheme that
requires grouping the contents of related purposes and
differentiating the purposes by levels. The nursery and
younger age units are on the upper floor, while the older
age groups are located on the ground level and have
access to the yard. The roofs are flat constructions. The
facade openings are in the form of ribbon windows and
curtain walls.



[

KoHCTpyKLWja 0bjeKTa je apMrMpaHObeTOHCKa Ca 3ua-
HVM MATHUMA 1 MYHUM TaBaHWYHM nnodvama. GacagHu
31A0BK Cy "CeHABUY" KOHCTPYKUMje (rnTep 6ok 20cm,
Tepmomsonaumja 20cm 1 oneka 12cm), 060CTPaHo Man-
TepucaHn. CBM enemMeHTH TepMUYKOT OMOTada ypaheru
Cy y CKNagy Ca akTyenHUM NponmucnmMa 13 obnactu tep-
Muuke 3awTuTe. GacagHa cTonapuja je anymrHujymcKa
ca nobosblIaHVM TePMOMPEKUAOM 1N HUCKOEMUCHUOHNUM
[BOCTPYKMM TePMOM30MaLMOHVIM CTaK/IOM.

EHepreTckm pa3pes objekTa — NPOjeKTOBAHO CTakbe

[ - nepuviog nocne 1991. D - period after 1991

The load bearing structure is in the reinforced
concrete system with side walls and full concrete slabs.
The facade walls are sandwich structures (20cm hollow
block, 20cm thermal insulation and 12cm brick), plas-
tered on both sides. All elements of the thermal enve-
lope comply with the current thermal protection regula-
tions. The facade openings have aluminium frames with
an improved thermal break and low-emission insulating
double glass units.

Energy class of building - as designed

Qe %] Q,,, [kWh/(m?a)]
69 52

<15

<25

B <50
<100
<150
<200

< 250

> 250
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CKnonoBu TEpMUYKOT OMOTaya — noctojehe ctawe — Elements of the thermal envelope — existing

Cnosballksen 31a

External Wall

U (W/m?K)

31 Ka HerpejaHom
npocTopy

Wall to unheated area

U (W/m?K)

lNoa Ha Ty

Ground floor

U (W/m?K)

YhyTpa Inside

I
Cnorba Outside

ManTep 2 cm, apmvipaHu 6eTtoH 20 cm, ME
donuja, Tepmovizonaumja 20 cm, oneka
12cm, mantep 3 cm

plaster 2cm, concrete 20cm, PE foil, thermal
insulation 20cm, brick 12cm, plaster 3cm

0.15

YHyTpa Inside

Cnorba Outside

ManTep 2 cm, Wwynsbi 610k 19 cm,
Tepmownsonauuja 8 cm, Mmantep 3 cm

plaster 2cm, hollow clay block 19cm,
thermal insulation 8cm, plaster 3cm

0.32

YHyTpa Inside

DAL
Vs

SIS A AN
OO Y OB .i

Cnosba Outside

Kayuyk 0.2 cm, cnoj 3a n3pasHarbe 0.3 cm,
LIeMEHTHa Kolysbuua 7.5 cm, apMmpaHo
6eToHCKa nnova 15 cm, Tepmounsonaywja 10
cm, xuapowu3sonauywja 1 cm, 6eToHcKa nnoya
10 cm, wbyHak 10 cm, HabujeHa 3emba
rubber flooring 0.2 cm, leveling layer,
cement screed 7.5cm, concrete slab 15cm,
thermal insulation 10cm, hydroinsulation
1cm, concrete slab 10cm, gravel 10cm,
rammed earth

0.16

PaBaH KpoB

Flat roof

U (W/m?K)

3uay Ty

Ground floor

U (W/m?K)
Npo3opwu

Windows

U (W/m?K)

Cnorsba Outside

VAR

AN

YHyTpa Inside

WwrbyHak 8 cm, ME ponuja, xmapowvonauroHa
MembpaHa, Nako apMvipaHu 6eToH 3a naa
3-30cm, Tepmowmsonaumja 30 cm, uemeHTHa
KoLy bMLa 4 CM, apMUPAHOBETOHCKa MnoYa
22 cm, Mantep 2 cm

gravel 8cm, PE foil, hydroinsulation
membrane, lightweight concrete to fall
3-30cm, thermal insulation 30cm, cement
screed 4cm, concrete slab 22cm, plaster

2cm
0.12
[ < i
° o
vl 5
< 5
© O
o ©
> 2
= = 2
) @}

ManTep 2 cm, apmupaHu 6etoH 20 cm,
xuapousonaumja 1 cm , Tepmonsonauuja
10cm, Ba3gyx 10 cm, oneka 12 cm

plaster 2cm, concrete 20cm, waterproof
membrane 1cm, , thermal insulation 10cm,
air space 10 cm, brick 12 cm

0.22

Cnorba Outside
YHyTpa Inside

JeAHOCTPYKM anyMUHW]YMCKIA MPO30p

Ca NobosbLIAHNM TEPMUYKIM NPEKNMAOM
3aCTaK/beH HYCKOEMVCUOHIM, [JBOCIIOJHMM
CTaKJI0 NaKETOM MyHbEHNX KPUMTOHOM
aluminium single frame HI profile, double
glazed low-E glass unit with inert Krypton
gas filling

1.20
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TepMOTEXHUYKM cMCTeMU 1 OCBeTIbene — nocTojehe ctame — HVAC and lighting — existing

CucTem rpejarba 1 npunpeme Tonne Boge Heating and hot water system

CuncTem 3arpeBarba
npocTopvja

Heating system

CreneH KOPUCHOCTH
cncrtema rpejal-ba

Heating system
efficiency

Cuctem ocBeT/bena

YHyTpallitba paceeTa

Interior lighting

Cuctem LeHTpanHor rpejarba ca
paamjaTopyMa Kao rpejHIM Tenuma. 3rpaga
je nosesaHa Ha cyCcTeM asbUHCKOT rpejarba,
ay TOMnaHy Ce Kao OCHOBHO rOP1BO
KOPUCTV NPUPOAHN rac.

The central hydronic heating system with
radiators is installed. Building is connected
to district heating system, with thermal
plant using natural gas as primary energy
source.

0.75

Lighting system

@ A

Hajsehw feo spTiha je nokpriseH
bnyopecleHTHIM OCBeTIbEHEM a Matbi
nenosu CFL ocseTrberbem. He noctoju
ayTOMATCKa KOHTPOSa OCBET/bEHbA.

The larger part of the kindergarten is
lightened with fluorescent lighting and
smaller one with CFL lighting . No automatic
lighting control.

CucTem npunpeme

CaHWTapHe Tonne Boge

Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTH
npunpeme caHvTapHe
Tonne Bofe

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHuTapHa Tonna BoAa ce npunpema y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.
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o —

0.5 1

.

KrBuHe crjanuue

Mercury vapor bulbs
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CnnyHm 06jeKkTn — npeacTaBHMUM Tna — Similar buildings — type representatives

KombuHoBaHe fAeuvje ycTaHoBe Beher kanaumteTa
rpaheHe HakoH 1991. rognHe KapakTepulie cnobogaH
APXUTEKTOHCKM 13Pa3 ¥ CaBpemMeH NpucTyn Gopmuparsy
1 rpynucarsy GYHKLUMOHANHWX CKIOMOBa. Y OKBMPY OBMX
objekaTa Hanasu ce sehu 6poj CMeLITajHKX jeanHKMLa ca
CBUM NpaTehnm cagpajuma.

Mpeonahyje CKeneTHM apMMPAHOBETOHCKM CUCTEM,
YecTo y KOMOMHAUMKM Ca HOCENUM 3MAHWMM MnaTHUMA.
CTpykTypa 1 0bpafa GpacafHux 31MaoBa Bapupajy y ckna-
Ay Ca apPXUTEKTOHCKMUM peLlerbnMa, anu Cy CBU enemeH-
TV TepMUYKOr OMOTava m3onosaHu. Nposopun cy PVC
WV ANYMUHUJYMCKM Ca TePMOMNPEKUAOM, 3aCTakibeHu
ABOCTPYKMM TEPMOM30MALMOHMIM CTAKIIOM.

- | |
" I’»’\‘.""'J,I
n i

L

The combined childcare facilities of high capacities
built after 1991 are characterized by a free architectural
expression and a contemporary approach to the forma-
tion and grouping of functional units. These buildings
have a substantial number of accommmodation units with
all necessary complementary contents.

The prevailing load-bearing structure is a reinforced
frame system, often in combination with shear walls. The
facade wall structure and finishes may vary in accord-
ance with the architectural solutions but all elements of
the thermal envelope are insulated. The PVC or alumin-
ium windows are double-glazed insulating units with a
thermal break.



[1- nepvoa nocne 1991. D — period after 1991

3ateyeHo ctabe — Existing state

[peTxogHa
yHanpeherba

Previous improvements

Onuc yHanpehewa — Improvement measures description

YHanpeherbe 1

Improvement 1

YHanpeherbe 2

Improvement 2

YHanpeherse 3

Improvement 3

YHanpeherbe Huje nnanvparo. Objekar je y cknany ca npasunHnkom. Mpunaga eHepretckom paspeay “C', a nosviunje omoTava cy ycknahere
Ca BPeAHOCTVIMa MpaBUIHM1Ka.

Improvement is not specified. Building is in line with rulebook. Energy class is “C", and thermal envelope parts are in line with rulebook
values.

YHanpehere Huje nnarnpaxo. Objekar je y cknafly ca npasuiHmnKkom. Mprnaga eHepretckom paspey “C’ a nosviumje omoTada cy ycknaheHe
Ca BpeAHOCTVMa NPaBUHYIKa.

Improvement is not specified. Building is in line with rulebook. Energy class is “C", and thermal envelope parts are in line with rulebook
values.

130noBarbe pacapgHUX 3MA0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. M3onoBarbe YHyTPalbUX 3MA0Ba Ka HerpejaHoM npocTopy.
Yrpadtba HOBUX MPO30pa ¥ YNasHWUX Bpata of KOMMO3UTHUX Npoduna ca TPOCAOJHUM M30NALMOHUM HUCKOEMUCHMOHMM CTaK0-MaKeToM
(nobpa 3anTrBeHoCT).

Insulation of facade walls with a contact facade system. Insulation of interior walls to unheated area. Installation of new composite windows
and entrance doors with triple-glazed low-emissivity glass unit (good air-tightness).
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

Cnosballitbu 31

External wall

U (W/m?K)

3vA Ka HerpejaHom
npocTopy

Wall to unheated area

U (W/m?K)

3nay Ty

Ground floor

U (W/m?K)

YHanpehetbe 1 Improvement 1

Y
AN

9

YHyTpa Inside
A
Cnosba Outside

(@)

=
-

HEMA M3MEHA

NO CHANGES

0.15

YHanpebherbe 2 Improvement 2

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.15

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

mMantep 2 cm, apmmnpaxm 6etoH 20 cm, TE
bonuja, Tepmomsonaumja 20 cm, oneka 12 cm,
ManTtep 3 cm, TepMomsonauja 10 cm, mantep

1cm

plaster 2cm, concrete 20cm, PE foil, thermal
insulation 20cm, brick 12cm, plaster 3cm,
thermal insulation 10cm, plaster Tcm

0.11

YHanpehetbe 1 Improvement 1

(9] [}

je! bl

2 =

5 @]

£ 2

= e
- n ()

HEMA N3MEHA

NO CHANGES

0.32

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.32

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Cnosba Outside

mManTep 2 cm, Wwynsev 6510k 19 ¢cm,
Tepmousonauuja 8 cm, mantep 3 cm,
Tepmomsonaumja 10 cm, mantep 1 ¢cm

plaster 2cm, hollow clay block 19cm, thermal
insulation 8cm, plaster 3cm, thermal

insulation 10cm, plaster 1cm

0.17

YHanpehetbe 1 Improvement 1

(9] = . = Q

e, °

2 £

5 O

£ 2

= - e
: ()

HEMA N3MEHA

NO CHANGES

0.22

YHanpebherbe 2 Improvement 2

YHyTpa Inside

Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.22

YHanpebherse 3 Improvement 3

YHyTpa Inside

I
Cnosba Outside

HEMA M3MEHA

NO CHANGES

0.22
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

YHanpehetbe 1 Improvement 1 YHanpehetbe 2 Improvement 2 YHanpeberbe 3 Improvement 3
PaBaH KpoB Cnorba Outside Cnorba Outside Cnorba Outside
Flat roof
YHyTpa Inside YHyTpa Inside YHyTpa Inside
HEMA M3MEHA HEMA M3MEHA HEMA M3MEHA
NO CHANGES NO CHANGES NO CHANGES
U (W/m?K) 0.12 0.12 0.12
Mog Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside

Ground floor

Cnosba Outside Cnosba Outside Cnosba Outside
HEMA N3MEHA HEMA M3MEHA HEMA M3MEHA
NO CHANGES NO CHANGES NO CHANGES
U (W/m?K) 0.16 0.16 0.16
Mpo3opm bl 3 3 3 5 he!
- g g g £ g £
] © O © (e} ©
. aQ aQ o
Windows 3 3 3 s . =
e = e = e =
(@] (@) (@]
HEMA M3MEHA HEMA M3MEHA KOMM031THM Npodunn ca TPOCIOjHIM
— — HUCKOEMUCHOHWM CTaK/O NakeToM
NO CHANGES NO CHANGES NCMYHEHVIM MHEPTHUM racoM
Composite, triple glazed low-E glass unit, inert
gas filling
U (W/m?K) 1.20 1.20 0.80
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Cnctem rpejarba 3rpage — yHanpehbewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdukacHocT cructema
rpejarba

Heating system
efficiency

[pvnpema caHvTapHe
Tonne Boge

Domestic hot water
preparation

YHanpehetrbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NpOoCTopa: fJa/bMHCKO rpejarbe C KOTIOM Ha
NPVIPOAHW rac y TonnanHu.

The existing heating system is retained:
district heating with natural gas fired plant.

EneKkTpuruHm akymynaumonm 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpPa: Aa/bVMHCKO rpejatbe C KOT/IOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:
district heating with natural gas fired plant.

092

EneKTpuuHyM akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMNPeCcopcKe TOMOTHe nymre
Ba3ayx/Bofa Ca XvAPOMOAYIOM.
Installation of air-source heat pump with
hydromodule.

30

TonnoTHa nymna Ba3ayx/Bofa 1 ConapHu
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



[1- nepvoa nocne 1991. D — period after 1991

Cnctem ocBeT/bema — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
ylwteaa cMctema
ocBeTberba [%]
Relative energy savings
of lighting system [%]

YHanpehetbe 1 Improvement 1

<!

3ameHa nocTojeher ocseTrberba LED
OCBET/bEHbEM.

Replacement of existing lighting with LED
lighting.

3ameHa nocTojeher oceeTrberba LED
OCBET/bEHEM.

Replacement of existing lighting with LED
lighting.

30%

| | |
0% 50% 100%

YHanpehetrbe 2 Improvement 2

G +d

LED ocseTbetbe ca moryhHowhy
LIeHTPpanM30BaHe KOHTPOSE YKiby4eHOCTH
OCBET/bEHbA Y NOjeAVHUM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTV Of ﬂ06a rogmnHe.

Adjusting the lighting time depending on
the time of the year.

36%

| | |
0% 50% 100%

YHanpeherse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaTU30BaHK CUCTEM
OCBET/bEHA KOjW 00yXBaTa AETEKUM)Y
np1CyCcTBa Sbyan U MoryhHoCT Npunarohersa
HMBOA OCBET/bEHA Y 3aBUCHOCTY Of 1062
[fiaHa 1 notpeba Jbyan y NpoCTopHjU.
Dispersed automated lighting system that
includes the detection of people’s presence
and the ability to adjust the level of lighting
depending on the time of day and the
people’s needs in the classrooms.

+d+ &

LED ocBeT/berse ca ayTOMaTCKOM KOHTPOIOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEMA Y
3aBMCHOCTY oA 106a AaHa.

LED lighting with automatic illumination
control and lighting dimming depending on
the part of the day.

39%

| | |
0% 50% 100%
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YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHM ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLm

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepruja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

800

700

600

500

400

300

O

YHanpeherse 1
Improvement 1

YHanpehetse 2
Improvement 2

YHanpeherse 3
Improvement 3

42%

10%

() TpaHCMUCHOHN ryBuL — transsmission losses BEHTVNALUMOHM ry6uum — ventilation losses ywTege — savings
800
700
600
500
400

300

200

- III I

2 3 4 5 6 7

~ | I O I N

I_-I
3 4 5 6 7

1- cnosbalutbyt 31g, 2- TPO30pHK, 3- paBaH KPOB, 4- 31f Ka HerpejaHoM NPoCTopy, 5- MehycnpatHe KOHCTPYKLUMje Ka HerpejaHim
NpPOCTOPWMa, 6- 3UA Y TNy, 7- nog Ha TNy — 1- external wall, 2- windows, 3- flat roof, 4- wall to unheated area, 5- floor construction to
unheated area, 6- wall in the ground 7-ground floor

52
kWh/m? a
<15 <100 <150 <200 <250 >250 rel %

_
A

44
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YHanpehetbe TepMUUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku 6unaHc — Thermal envelope and heating systems improvement — energy balance

OuHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmcmja CO, HakoH
npumeHe rpaheBUHCKNX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC
improvement

[kg/al

Emmcmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

[kg/al

<DI
w
o

36637
20.9%

50

<

91593
40.5%

o —

50
48544
75.2%
| | [ |
0 50 A A A

6706 7049 7744
61.0% 64.2% 70.5%

Q- §+= @

| |
v MNONAa3Ho CTatbe V Hajuewhe vHTEPBEHUWMjE n yHanpeherse 1 a yHanpehetbe 2

improvement 2

starting condition usual interventions improvement 1

175565

v

225980

v

®

64559

-4

100%

yHanpehetbe 3
improvement 3
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