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

1.YBO[

O6VMHO MpoyYaBatbe MaTepUjaHO-TEXHUUKMX Ka-
pakTepucTvKka rpahesuHckor doHaa Cpbuje, y3 noced-
HV OCBPT Ha acrnekTe eHepreTcke edrKacHOCTK, 06aBno
je UCTpakrBaykM TM APXUTEKTOHCKOT dakynTeTa y be-
orpaay y nepviogy 2011-2013. roanHe. okyc npoyya-
Batba je HaMeHCKM ycMepeH Ha GOH[ CTaMbeHVIX 3rpaaa
1 PEe3ynTpPao je bopmmnparbem HalroHanHe Tunonorvje
cTambeHnx 3rpafa Cpbuvje, y3 feTasbHO carnefaBakbe
eHepreTckmnx nepdopmaHck noctojeher CTarba M Ba-
PUjaHTHMX MOTYRHOCTW 33 HXOBO 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.



OBVIMHW pe3ynTaTi OBOT UCTpaxkMBakba Cy NybnmKo-
BaHW y TpW MOHOrpaduje’.

DopmrpaHn MeTOLOMOWKM NPUCTYM, Y3 YBaxasate
ofpeheHnx cneunduUHOCTY, NPUMEHEH je 1 Ha doHA
jaBHWX 3rpaja, TO jJeCT Ha CErmMeHT KOjW UMHE LWKOMCKe U
NpefWwKoncKe yCTaHoBe. Y3 MOAPLWKY MCTpaXMBaya ca
MatmHckor 1 EnekTpoTexHuuKor dakynteTa npoyya-
Babe je AeTarbHO 00yXBaTUIO Kako rpaheBuHCKe, Tako
M TEXHWUUKO-TEXHOSOLLIKE KapaKTepuCTWKe 3rpada, Y3
carnefaeakbe MoryhHocTv yHanpehersa nepdopmaHcu
1 noseharba HUBOA eHepreTcKe edprKacHOCTH Y mpoLiecy
cBeobyxBaTHe pexabunwuTauuje. Pa3soj TMnonoruje wron-
CKMX M MPEeALIKONCKMX 3rpaja je noapxao M3 (Deutsche
Gesellschaft fir Internationale Zusammenarbeit GmbH)
a pesynTatu cy, 360r 0OUMHOr MaTepujana 1 pasHonu-
KOCTV MOjeAMHIUX acnekaTa, CTPYKTypUpaHu y Buay Tpu
MOHorpadwje:

« Krbura 1 32pade wKoackux u npedWKoICKUX ycma-
HOB8a — MemoOO/IOWKU OK8UP hopMuUpara muno-
Jl02uje u nobosbara eHepeemcke egpukacHocmu
npefcTaB/ba UCTOPWJCKM Mpernef pa3Boja 3rpada
WKONCKMX 1 NMPEALIKONCKNX YCTaHOBa?, Pa3Boj pery-
natvee oBe 06MaCT1, METOAONONNjy BpLLeHa Nomnu-
ca 1 dopmmparba TMnonoruje 3rpafa, NpopadyH no-
TeHUMjaHe ywrefe eHeprvje 1 cMarberba emncnje
YITbeH-AMOKCMAR KPO3 NpoLiece eHepreTcke obHoge
3rpaga Ha HuBoy Penybnuke Cpbuje,

+ Krbura 2 Tunosnozuja wiKosnckux 32paoa

+ Krbura 3 Tunosozuja 32pada npedwKocKux ycmaHosa

! Bupetn moHorpadwje rpyne aytopa (JosaHoswh MNonosmh M,
Vrrpatosuh [, Pagvsojeswnh A, Pajuvh A, iykosuh Virkbatosrh
H, Bykarosuh Jb. n Heauh M) y n3narwy GlZ-a 1 ApxuteKToH-
cKor dakynTteta: Amsaac nopoouyHux kyha Cpbuje/Atlas of Family
housing in Serbia (2012), Amsac suwenopoduyHux 3epada
Cpbuje/Atlas of Family housing in Serbia (2013) v HayuoHanHa
munonoauja cmambeHux 32pada Cpbuje/National Typology of
Residential Buildings in Serbia (2013).

? Mo Baxehoj 3aKOHCKOJ perynatvsu nog srpagama
NPEeALLKOMNCKMX YCTaHOBA Ce NMofpasyMeBajy CBe yCTaHOBe
HamMerbeHe el NPeaLIKONCKOr y3pacTa. Y OKBMpY OBOT
MCTpaxmnBarba o0yxsaheHe Cy 3rpafe feunjnx ycTaHoBa -
BpTMha 1 jacnnua.

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¢ Ignjatovi¢
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 UCTpaxuBatbe KsanuTeTa 3rpaja jas-
He HameHe jecTe y unHbeHUUW A3, y3 cTambeHe 3rpaje,
OHe uMHe Hajsehun feo rpaheBMHCKOT GOHAR, @ HMNXO-
BOM €eHepreTckom OOHOBOM Ce MOXe, Y BENVKOj MepH,
CMarbUTV MOTPOWHA eHepruje, Kao v emucuja yribeH-
anokcuaa y Cpbuju. Takohe, unaHcTBOM Yy EHepreTckoj
3ajeaHurum, Cpbuja je npeysena Ha cebe obasese y obna-
CTW yHanpeherba eHepreTcke eprKacHOCTW 3rpaaa, a [n-
pekTVBe EHepreTcke 3ajeaHuLe Cy, Npu ToM, Npey3eTe U
ycknaheHe ca [vpektneama EBponcke yHuje? .

Krbuira 3 Tunonoeuja 3epada npedKonckux ycmaHosa
Knacuduikyje aHanmsvipaHu cermeHT GoHAa NPeALKon-
CKMX YCTaHOBA, MPBEHCTBEHO NpPema NOBPLWNHK ¥ Nepw-
ofly rpagrbe, y3 MAeHTUOUKaLW)y TUNMYHKX NpesacTas-
HVKa. VIcToBpemeHo, ¥ OKBMpY TUMonoruje ce yTephyjy
1 eHepreTcke nepdopmaHce 1 aHanusmpajy moryhu Hu-
BOW eHepreTcke 0OHOBe, He Camo OMOTaya 3rpajge seh
1 MALWWHCKKX 1 eNekTpoeHepreTckux cuctema. MNepdop-
MaHce MojeArHaYHNX TUNOBA Ce, Y CKNafly ca CTeneHom
3aCTYN/bEHOCTY, objeantbaBajy aeduHunwyhu v note-
UpjanHe ywTefe eHeprvje Ha HYBoy Penybnnke Cpbuje.
13abpaHn 1 NprKasaHu penpeseHTn aeHTUGUKOBAHNX
TWMNOBa NPEeACTaB/bajy peanHe 3rpade Koje oarosapajy
MOAENCKNM KapaKTepUCTKaMa YTBPHEHMM Ha OCHOBY
nonuca 1 NpPUMeHOM NPUHUMMA Knactep aHanmse. 3Ha-
yaj TMMNonowkKe Knacudukaumje 3rpafa NPeawKONCKMX
yCTaHOBa Ce Orfefla y YHUBEP3aIHOCTM yTBPHEHNX METO-
Aa 06HOBe, TO jecT WNPOKOj MPUMEHBUBOCTN HEOMXOA-
HOJj NPK JOHOLWEHY CTPATEeWKNX OfSTyKa Kako Ha HMBOY
JIOKAfIHKX CaMOYMPaga, Tako W Ha HuBoy 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



3rpane NpeALKOSCKYX ycTaHoBa Y 6pojesrmMa Kindergartens in Figures

2.3rPAJE NPEALWKONCKNX YCTAHOBA'Y BPOJEBUMA

Monuc 3rpafla NpeawkKoNckux yctaHosa (BpTvha) je
BPLUEH MCTOBPEMEHO Ca MOMWCOM LUKOMNCKMX 3rpaja To-
Kom 2016-2017. roguHe. MneHtudukauvja je obyxsatmna
Camo 3rpage y LenocT HaMereHe MPeLIKONCKUM YCTa-
HOBama, Tako Aa YCTaHOBe NoLMpaHe, Ha MpuMep, y Npw-
3eM/bMMa BEIMKMX 3rpada Hucy obyxsaheHe. Takobhe,
HVCY MOMNWCMBaHE HW NPeALIKONCKe YCTaHOBe Y Npu1BaT-
HOM BacHMLTBY. [TonwmC 3rpada NPeAWwKONCKMX yCTaHOBa
je Npeno3Hao 1 cneundryHy CTPYKTYpY Cammx yCTaHOBa
3HATHO Pa3NMUUTY O WKOCKKMX. Y ONWTMHaMa ce, Y 3aBU-
CHOCTV O} BeAIMUMHE, Hanasu Hajuellhe jeaHa npeaLKon-
CKa YCTaHOBa KOjy MOXe Aia YMHI BENWKM OpOj NOCeOHMX
jeamHMLa, a cammm TMM 1 objekaTa. Heke onwTunHe noce-
ayjy v npeko 30 jeanHu1La Ha CBOjOj TepUTOPUjU.

Kako 6u ce omoryhuna nakia obpaga nogaraka u
FbMXOBA aHaANM3a, KperpaHa je oarosapajyha 6asza noga-
Taka ¥ 3a Ty CBPXY HAaMEHCKM HanucaH codteep. [Mpo-
ueaypa dopmMuparba 6aze 1 copteepa AeTarbHo je obja-
WHeHa Yy KhW3n 32pade WKOACKUX U NPEOWKOICKUX
YCMaHo8a — MemodoIOWKU OK8UP (hOpMUPArea MUNosio-
2uje U NobosbWArka eHepeemcke eukacHoOCMU.

Byayhu aa He nocToju 6asa nofataka o jaBHMM 3rpa-
[1ama, Kako Ha HaUMOHaNHOM TaKO W IOKATHOM HMBOY,
YIUTHULM Cy HamereHn MOMMUCY Ha HUBOY NIOKanHe Ca-
moynpage. OHW Cy CTPYKTYpVPaHM Ha BuLLIE HBOA Kako
61 ce NpuKkynuaM nofaun o wro Behem 6pojy jaBHUX
3rpaja Ha aHanuMsunpaHoj TepuTopuju.

AHanm3a OBMX MofaTaka je BplueHa Kopuwhersem
pa3sujeHor codpTBepa Koju je omoryhiro npetpaxmearbe
6a3e No CBMM peneBaHTHUM NTakbkma pacnopeheHnm y
OKBVIPY TPW HMBOA YNUTHMKA®:

+  TMPBM HMBO YNUTHMKa 0byxBaTa NeT N1Taka Yvme ce
BPLWM OCHOBHA MAeHTUOMKAUM]A MHCTUTYUMjE jaBHE
HameHe,

« [APYrV HMBO YNUTHMKA YMHM 14 NTakba HamerbeHmx
YXeM CerMeHTy jaBHWX 3rpafa: afMMHUCTpaTVBHe

*Y Krom3n 1 32pade WKOCKUX U NPeOWKOICKUX yCMAaHo8ad —
MemoOoIOWKU OK8UP (hopMUpara munosioauje U NobosmbWarea
eHepaemcke epukacHocmu: [aTo je NpeunsHo objalliberse
CTPYKTYPE M HaunHa GopMMparba yrmnTHYIKa

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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3rpajge, WKone v 3rpafe NpeaLKonckux yCTaHoBa.
MTarbMMa Ha OBOM HMBOY Ce fedUHMLIE NONOXa]
(ampeca, katacTapcka napuena), npyxajy OCHOBHMU
nofauv o 3rpaan (Bpeme rpahetba, HaMeHa y nepw-
ofly rpaArbe, NOCTOjake enabopaTta eHepreTcke edu-
KaCHOCTW MW M3BellTaja O eHepreTcKoM nperneqy,
Kao 1 cepTUdMKaTa O eHepreTCKM CBOJCTBMMA 3rpa-
13, Tj. eHepreTcKor nacolua),

«  Tpehu, 1 HajoOUMHMjWU, HUBO YMUTHMKA CaapXn
48 nuTarba HaMereHNX CaMO 3a 3rpafe WKOMCKMX
M NPeaWwKonckmx yctaHoBa. OH AeTa/bHO Monu-
Cyje apXUTEKTOHCKe KapakTepuUcTMke 3rpafa, amu
N VIHCTaNauUWoHe cucteme 13 AOMEHA MaLLIMHCKUX U
efleKTponHCTanaumja.

HakoH cnposeaeHor NMonuca, yHolwera nofataka y
bopmrpaHy 6asy, 13BpLIeHa je BanuaaLvja NpuKynbe-
HUX MOfaTaka, LWTO je AOBENO A0 3HATHOI CMatberba
Y30PKa KOju YMHe 563 3rpaje feunjix yCcTaHoBa.

Bpoj 3rpapa npeawkonckmx yctaHosa y Cpbujn

YkynaH 6poj 3rpafa NpeaLKonckmx ycraHosa y Cp-
6ujv aHanM3MpaH je Ha OCHOBY jaBHO AOCTYMHYIX MOAaTakKa.
1. MNopaun Penybawnukor 3asofa 3a ctatuctuky Cpbuje

Koju pefaoBHO objaBrbyje nybnukaumje v3 pasnmuu-

TMx 06nacTy Na Tako 1 0bpa3oBarba. 3aBOf CBake ro-

AViHe CMPOBOAM MOMUC feunjux ycTaHoBa Aa bu ce

yTBpAMO OpOj yCTaHOBa, 6poj rpyna, obyxsaT Aelle,

non, jesnk Ha Kome ce BPLWM BaCMUTHO-0OPa30BHM
pan.. bpoj 3rpaga NpPeALKONCKMUX yCTaHoBa ce Mo-

MUFbE Yy HEKONMKO Nybnvkauuja kojuma je moryhe

NPUCTYMUTU 1 NPEKO CajTa 3aBofa:

Cmamucmuyku 200uwreak Penybnuke Cpbuje —
06pazosarse® Koju ce 0bjaBrbyje rogmbe,

- CaonuwrTetba: OCHOBHO WKOICKO 06pa3osare y

Penybuyu Cpbuju® koja ce 0bjaBrbyjy MOYETKOM
¥ Kpajem CBake LUKOJICKE rofjuHe,

> 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
Cpbwuije 3a 2017. rogunHy’.

2. Jlncte cBux NPeaLKONCKNX YCTaHOBA Y JPKaBHOM U
NPVBATHOM BNIACHULTBY MO OMNWTUHAMa AOCTYMHUX
Ha vHTepeTy®. MoTpebHO je HarnacuTV Aa BeNMKM
6poj NoKanHMx Camoynpasa, TO jecT rPafoBa, Ha MH-
TepHeT npeseHTauunjama, NprKasyje Nonuc nNpeaL-
KOJCKMX YCTAHOBA Ca CBUM NHAVBULYANHVM jeAVNHN-
Lama Koju Cy Aeo Te NpeaLKoncKe ycTaHose.?

3. MMHUCTapCTBO NPOCBETE, HayKe 1 TeXHONOLWKOT Pas-
BOja, Ha CBOJjOj MHTEPHET Mpe3eHTauuju, Npyxa NH-
dopmalimje 0 peneBaHTHUM MPONUCKMA KOju Ce Ty
npefwKoncKor obpasosarba 1 BacmuTarba. [peseH-
Taluja He Npy»Ka AeTarbHuje HdopMaLmje o NpeaL-
KOMCKMM ycTaHoBama, byayhn aa oaj obnnk co-
UWjanHe 3altiTe Ccnaga y AeNoKpyr pafa NoKamHuX
Camoynpaga, To jecT rpafjosa.

lNpernenom OBMX 1M3BOPa KOHCTAaTOBaHO je fa ce pe-
neBaHTaH 6poj 3rpafja HaMereHVX Aeunjm yCTaHoBama
NpeaLKONCKOr 0bpasoBarba MoXe Hahu camo y nofa-
UMmMa Penybnmnykor 3aBoaa 3a CTaTUCTUKy. Jpyri n3gopu
npyxajy Hajuewhe nofatke o 6pojy yCTaHOBa 1 Nojeaw-
HUX jednHMLA He pa3mMaTpajyhi HixoBe MpoCTOpHe Ka-
PaKTEPUCTMKE, TO JeCT NoCTojarbe 3acebHMX 3rpaga Um
CMeLUTaj y Apyre, No HaMmeHw, pa3nununte, objekTe. byayhu
[a ce 6poj 3rpafla NPefWKONCKMX YCTaHOBa MeHba CBake
roAviHe, Maja Te MPOMEHe HIUCY 3HauajHe 1 13HOCe Makbe
o[ 5% ykynHor 6poja, 3a flasby aHanM3y yCBojeH je 6poj o
2.580 3rpafa Ha ocHOBY nofataka 3a 2016. roguHy.

KapakTepucTike 3rpafa MNPeAwKoCKMX YCTaHOBa
HameHCKM n3rpaheHnx Ha Teputopujn Cpbuje, Nam oHnx
Koje Cy aganTmpaHe 1 KOpUCTe ce 3a Ty HameHy, Ha ocC-
HOBY V3BPLUEHOr MCTPaXKMBakba MOry Ce 1MCKa3aTu Kpo3
Behu 6poj acnekata obpaheHnx y Aarbem 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/
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Mepwvion n3rpagre

OcHoBHa nepuoamnsaLyja nsrpage 3rpaja npeat-
KONCKMX YCTaHOBa je yCBOjeHa y Ckiafdy ca nepvioaw3sa-
LMjoM cTambeHe 13rpadrbe, TO JecT WKOMCKMX 3rpada, C
0031POM Ha TO Aa Cy TPEHAOBW U3rpafHe BeEOMa Cny-
HW. Knacnduvkaumjom nomnmcaHvx 3rpaga, npema Bpe-
MeHy Kafa Cy v3rpaheHe, youasa ce fa je cayyBaH pe-
NaTVBHO BenwKM 6poj 3rpada w3 nepuoaa npe lNpBor
cBeTckor pata. OBaj nofdaTak vnak Tpeba y3eTn ca pesep-
BOM 3aTO WTO Ce, MO NPBWIY, PaAK O CTaMOeHVM BuNa-
Ma WK 3rpaiama ApYyrix HaMeHa KacHuje afanTupaHum
y fleunje ycTaHoBe. Y HapefHom nepuvogy 1919-1945. ce
youaBa MAeHTWYaH TPeH, TO JeCT jaBrbajy Ce CAMYHU TU-
noBKn objekata. HajuHTeH3MBHWjA M3rpafiHba HAMEHCKIX
objekaTa NpefWKONCKMX YCTaHOBA yo4aBa ce Yy nepw-
ony m3mebhy 70-ux n 80-mx roguHa 20. seka. Mopeaehn
Ca nogaunmMa AOCTYMHUM Y TUMONOMMjU CTaMOeHMX 3rpa-
[la KOHCTaTyje Ce fla M3rpafba Aeumnjmx yCTaHoBa npatu
TpeHaoBe cTambeHe m3rpadre, Oyayhu aa je ynpaso y
TOM Nepwuody n3rpaher Hajgehn doHa cTambeHnx 3rpa-
[ia Kako Mo 6pojy, Tako v No NoBpwmnHKL.'® MpoueHTyanHa
pacnofena nonucaHnx 3rpaga NPeaLwKoNCK1X yCTaHoBa
NO BPEMEHCKOJ KnacuduKaLmju AaToj y yNUTHUKY NpuKa-
3aHa je Ha lpadwkoHy 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 aeduHmMcaHo 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 [%]
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0 10 20

1% HayuoHanHa munonoeuja cmambeHux 32pada 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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MNpuKkasaHa BpeMeHCKa nepvioavsaunja npeacTa-
B/ba MHUUWjANHO CTakbe Te je TOKOM pafa Ha dopmu-
pakby TMNonorvje peayumnpaH 6poja BpeMeHCKMX Knaca.
lNocTynak je cnposefeH NpeMa OCHOBHUM MaTepujanHo-
TEXHUYKMM KapaKTepucTMKama 3rpafa Koje Hucy 6bune
npeamMeT YeCTUX MPOMEHa, Kao WTO je TO CNyyaj Ko CTaM-
6eHnx objekaTa. Takohe, MPOMEeHa 3aKOHCKe ¥ Mof3a-
KOHCKe perynatuiee, Koja bu yciiosumna GUTHO paznuunte
KapaKTepucTyiKe 3rpaaa BpTuha, Huje buna vecta. AHanw-
30M TPEHAOBA, MOjaBHUX 0BIMKA U MaTepUjanHKX Kpak-
TEPUCTUKA je KOHCTATOBAHO Aa YEeTUPU BPEMEHCKE Kia-
ce y NMOTMNYHOCTU ofipakaBajy b1UTHa obenexja oBor T1na
3rpapa. (MpaduikoH 2.2

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

Huje geduHmcaHo 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. ApXNTEKTOHCKE KapaKTepucTuke

MoBpLMHa 3rpaAa NPefLIKOSICKMX YCTaHOBa
(6pyTO pa3sujeHa rpaheBMHCKa NOBPLUMHA)

Mpema BennumHw, Hajgehn 6poj 3rpafa Aeunjux yc-
TaHoBa y Cpbuju npunaga rpynv cpeare BenuunHe
(42%), a 3aTvm Ca 33% npeosnahyjy mane 3rpage, AoK je
BESIMKMX 3rpafa 13y3eTHo mMano. (MpadukoH 2.3.). Osak-
Ba pacnofena Moxe ce TyMauuT NpOCTOPHOM AUCTPU-
OyurjoM 0BPA30BHUX MHCTUTYUM]a NpemMa ryCcTUHM Mno-
nynauuje, To jeCT NpojekToBarbem 1 M3rpajroM 3rpaja
NPefWKONCKNX YCTaHOBa Ca TeHAEHUMjOM Aa Ce CMatbe
pacTojatba Of MeCTa CTaHOBarba [10 HajonMxe MHCTUTY-
umje. Marpaga BeNMKMX AeUnjux yCTaHOBa je 3acTynbe-
Ha CamO TaMoO rfe MoCTojX BefvKa KOHUEeHTpalmja CTa-
HOBHMLWTBA Ha MasOM MPOCTOPY, KapaKTepmucTiyHa 3a
nepuoa ycMepeHe cTambeHe v3rpaarbe. 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 rpafoBa OPraHW3oBaHWX MO MPUHLMMNY
OTBOPEHWX GIIOKOB, Kao WTO je CryYaj, Ha NpumMep, KoA
cTambeHunx 6nokosa Ha HoBom beorpasy ycnosuo je u3-
rpantby BENVKUX NPeALKONCKMX yCTaHOBa.

padukoH 2.3. 3acTynsbeHOCT 3rpaja NpeaLlKoNCKmnX 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

Hajsehn geo doHpa 3rpaga npealKonckmx yCcTaHoBa
YMHe 3rpajie KomnakTHe dopme, Yak 44%. 3rpane fe-
NMMUYHe pasybeHocTn dopmMe n NoTnyHO pa3syheHe
NOAjeAHaKo Cy 3aCTyn/beHe npema pesynraTiima OBOr
ncTpakmearba. OyekmBaHo, ¢ 063Mpom Ha To Aa 75%
boHAa unHe 3rpafe MarbKx 1 Cpear X NOBpPLUMHA. Benn-
Ka KOMMaKTHOCT dpopme Takohe je moBesaHa v ca pena-
TVBHO MatblM YPOAHWUCTUYKMM MapLenama npeawKkon-
CKMX YCTaHOBA Y OFJHOCY Ha LWKoncke. Ha Mpadukory 2.4.
npvKasaHa je npoueHTyanHa pacnodena 6poja 3rpaaa
npema KOMMakTHOCTM.

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

KOMMaKTHa compact
nenummnyHo pasyhena partially complex
pasyheHa complex

Huje peduHmcaHo N/A | 2
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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 npeawKosicCknx yctaHOBa

[aneko Hajeehv 6poj 3rpaa NpeaLKONCKYX YCTaHo-
Ba y Cpbuju, nonosmnHa oBor fena rpahesnHckor 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 npu3emHe 3rpafe, Tek oko 35% vma fiBe
HanzemHe eTaxe (M+1), WTo je NprKazaHo Ha Mpaduko-
Hy 2.5. bpoj 3rpafia NpeaLwKonckMx ycTaHoBa ca BuLle
eTaxa je m3y3eTHo Manu. OBakBa CMpaTHOCT NpPou3na-
31 13 tbUxoBe YHKUMjE: Lnb je OMOryRnTI KOHTAKT ca
npupoaom, 0be3beanTn aeun 6opaBak Hanosby, y ABO-
puLWTYy BpTWAa; Takohe, UMb je 1 UCNYHUTK HacTojarbe Aa
Jela “Majy nobap BMU3yeHU KOHTAKT Ca CMOSbHOM Cpe-
AMHOM. Tako, y Hajeehem 6pojy cnydajesa, npema Npoc-
TOPHOj AUCTPUBY LM}, MOXKEMO YOUUTY pa3fBajatbe feLie
npemMa CTapoCTV Na ce y Npu3embe cMellTajy aela CTa-
pOCHe Aobu Koja noxahajy BpTUh, 0K Ce jacneHe rpyne
CMeLITajy Ha cnpaTose, y3 MoryhHOCT Kopuwherba Tepa-
ca 32 bopaBak Ha OTBOPEHOM.

[leunje yctaHoBe ce y Hajsehem 6pojy crydajeBa
rpage 6e3 noapymcKmx npoctopuja (ckopo 60% cnyudaje-
Ba) UMM Ca jeAHOM MOAPYMCKOM eTaxoM (0K 35%) y Kojy
ce cmelUTajy noMohHe npocTtopuje, Hajuelwhe ocTase 3a
orpes, Aok Behv 6p0j MOA3EMHIX €TaXKa yonLTe Huje yo-
ueH. (MpadukoH 2.6.)

MpadukoH 2.5. 3aCTyn/beHOCT 3rpafa NPeaLWKONCKMX YCTaHOBa
npema CNPaTHOCTU — Yy OAHOCY Ha 6p0j Haa3eMHYX eTaxa [%]
npusembe ground floor (GF)
[M+1 GF+1
M+2 GF+2 10
M+3 GF+3 2

Huje pedurmcaro N/A |3

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 [%)]

MpaduKoH 2.6. 3aCTyn/beHOCT 3rpafa NPeaLWKONCKMX YCTaHOBa
npema CNpaTHOCTM — Y OAHOCY Ha 6pOoj NoA3eMHUX eTaxka [%)]

0
1
2 11

Huje aeduHmcaro N/A 10
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Figure 2.6. Distribution of kindergartens by the number of
floors, relative to underground levels [%)]
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Tun KpoBa 1 Kopuwhere NOTKPOBHE eTaxe

Mpema 0bnnKy KpoBa, Aaneko Hajgehin 6poj 3rpada
Jeunjux yCTaHoBa MMa KOC KpoB, Yak 77%. (IpadukoH
2.7.). PaBaH KpoB, nnu KombrHauwmja oBa ABa Tmna Kpo-
Ba, 3aCTyr/beH je BPNo peTko. [lobujeHn pesyntatu uc-
TpaxuBarba MpuVKasyjy TPeHYTHO CTarbe OBWMX 3rpaja
Koje ce 4ecTo pa3nuKyje off MpojeKToBaHor. YobuyajeHa
je mpakca, TOKOM ekcnnoaTauuje 3rpafa, Aa ce HefocCTa-
Tak NpocTopa niv Npobnem LypeHa PaBHUX KPOBOBA
pellaBa HaaorpaaOoM KOCKX KPOBOBA Y3 YeCTO aKTWBM-
parbe TaBaHCKOr MpocTopa. Ha nojeavHnm 3rpajama je
NPUYMETHa 1 CaHalmja U3rpaaHoM MANTKOR KOCOT KPOBa.

lpadukoH 2.7. 3aCTyn/beHOCT 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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lpadviKoH 2.8. 3aCTyN/LEHOCT PA3ANUNTIAX KDOBHIX Figure 2.8. Distribution of roofing materials [%)]
nokpueaya [%]

upen clay tiles 52
nmm metal sheet
WbyHak gravel
6eToHcKe nnoye concrete slabs
npyro other 13
0 10 20 30 40 50 60 70 80 90 100

3aCTYyN/beHOCT  PasNMUUTMX  KPOBHMX MOKPMBaya
npuvKasaHa je Ha lpadurkoHy 2.8. KoHcTaTyjemo fa je, y
CKNafly ca HawoMm Tpaanumjom, Hajgehi 6poj 3rpafa NokK-
pVIBEH LiperoM, a KOf KPOBOBa Matber Harvba Hajuelwhe
ce KOpUCTU M. PaBHM KPOBOBK Cy MOKPUBEHN LUbYH-
KOM Yy C/lyuajy Kafla Cy HENPOXOAHW WA OETOHCKMM MAo-
Yyama Kafja ce Kopu1cTe Kao KpOBHe Tepace.

TaBaHCKM MpocTop ce, y Hajgehem 6pojy crydaje-
Ba, GYHKUMOHANHO He KOPUCTY, AIOK je CMeLUTaj rpymHNX

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. (MadnkoH 2.9.) Kopriwhere noTkpos/ba ce
Hajuyewhe cpehe NpuNMKoM afjanTauuje CTambeHnx Brna
y [ieuvje yCTaHOBe 1 TO Kafla HeloCTaje KOPUCHM NpoC-
TOp, @ BWCKMHA TaBaHCKOT NPOCTopa To oMoryhasa.

MpadukoH 2.9. Kopuwherbe TaBaHCKOr NPOCTopa Y 3rpafjama
NPeALLKONCKMX 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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favyes 8
He no
Huje geduHmcaHo N/A 10
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Koa objekaTa Kof KOjMX Ce He KOpUCTU TaBaHCKM
npocTop, MehycnpaTtHa KOHCTPYKLWja NMpema HerpejaHom
TaBaHy y Hajsehoj Mepu Huje n3onosaHa. (padrkoH 2.10.)

MpadumkoH 2.10. MNocTojarbe TepMouzonaLuje y cknomny
TaBaHWLe ka HerpejaHom TaBaHy [%]

fayes 13
He no

Huje gedrHmcaHo 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 umtbeHua fa Hajsehw 6poj 3rpaga
[eyvjyx ycTaHoBa Hema NMOAPyM yTuLana je U Ha manu
Y30paK Ha OCHOBY Kora ce AeduHnlle kopuherse noa-
PYMCKe eTaxke 3rpaja TaMo rae OHa nocToju. Y cnydaje-
BMMA Kaja 3rpaja MMa NoApyM, CIMUYHO TpeTMaHy Ta-
BAHCKOI MPOCTOPa, KOPUCTK Ce Kao MoMONHM NpocTop
KOju Ce He rpeje, a TaBaHWLa Ka NoAPYMy Yy CBOM CKJ1O-
ny Hema Cnoj TepMMyKe 3alTuTe, WTO je UNyCTPOBaHO
Ha Mpadukony 2.11. Camo y 4% cnydajeBa nocToju Tep-
Mom30yjyhn cnoj y TaBaH1Uama ka noapymy. Ha ocHoBy
OBMX MoOAaTaKa ce NPeTNoCTaB/ba fa je Kopuwhere Noa-
pyma 3a nNpUMapHy GYHKUMjy NModeno 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 Mpwi-
K/byuerby 3rpajle Ha AasbUMHCKU CUCTeM rpejarba. Mnak,
0Be KOHCTaTaluje ce, 6e3 Aasber UCTPaxyBatba Ha Tepe-
Hy, CMaTpajy npeTrnocTaBKkama.

lpadukoH 2.11. MocTojarbe Tepmomr3onaLmje y CKiomny
TaBaHuLe 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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Bpoj 1 BennumHa Npo3opcKrix oTBopa
1 TUN Npo3opa Ha pacaan

AHanM3a 3acTynbeHoCT npo3opa Ha dacaau je
ypaheHa npemMa OCHOBHWUM apXWUTEKTOHCKMM Kapak-
TepUCTVKaMa 3rpaga, npema [OMUHAHTHUM  HauMHK-
Ma TpeTMaHa MPO30PCKMX OTBOPA KapaKTepUCTUUHKIX
3a pasnuunTe UCTopuWjcke nepuode. Y paHujum nepuo-
AMMa MPOJEKTOBakba M M3rPaAHbe Y HaLOj apXUTEKTOH-
CKOJj MpaKcK, Mpo30opw Cy TpeTUpPaHu nojeAnHa4Ho, Kao
Makb OTBOPHU, Ca BeNWM BpojemM NOAEOHMX NPeyYKn, y3-
POKyjyhK YecTo 1 HefloBO/baH OCBET/BA] Y NpocTopy. Ca
HaNPEeTKOM MHOYCTpWje 1 MOjaBOM KBANUTETHU]WX NPO-
30pa 1 moryhHowhy yrpagrbe Behwx cTakneHmnx nosp-
WK1HA, Kao 1 yBoheHem Nponiuca ca AedUHUCAHM HUBO-
“Ma OCBET/baja M BMCKHe napaneTa y OAHOCY Ha HaMeHy
NpPOCTOPa, M NPO30PCKM OTBOPW Cy NocTanu Behr obes-
6ehyjyhn KBanuteTaH OCBET/bA] , AN 1 OObU BU3YETHN
KOHTaKT Ca CMosbHOM cpefrHOM. Buiie on 50% sptunha
“Ma BENWKY MOBPLUMHY dacade Nof Npo3oprma, anu cy
TO 1 farbe nojefinHauHy OTBOPK, JOK Ce MPO30PK NOCTa-
B/bEHW Y BUIY TPaKa HE MOry CMaTpaTh KapakTepmucTu-
KOM 3rpafia Aeuvjux yctaHosa. (MpadukoH 2.12). Oko 35%
3rpafa ca Masno oTBOpa Ha Gacaam NPOUEHTYanHO OAro-
Bapa 1 Knacndmkaumjv npema rogviHv 13rpaaree, Te ce
MOXe CMaTpaTu fia Cy TO CTapujn OBjeKTH, 3uaaHu y pa-
HUjM NeproanMa, aAanTUpPaHe 3rpaje Koje Cy NpBoOUT-
HO VMane 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 ycTaHoBa [%)]

[oCTa oTBopa (nojeanHauHn>50%) high ratio (single>50%)
focTa otBopa (y BUAY Tpaka>50%) high ratio (ribbon>50%)

ca mano otgopa low ratio

MpadukoH 2.13. 3acTyn/beHOCT BPCTa Npo30opa npema
MaTepwujany Npo3opcKor okaupa [%]

KoM6MHOBaHO combined
anymuHujym aluminium
MBL PVC

apso wood

AHANIM30M NPUMEHEHNX MaTepujana 3a n3pagy npo-
30pa [obujeHn Cy UHTepEeCaHTHW, Ha NPBUW nornes He-
ouekmBaHW, pesyntati. Haume, y Hajsehem 6pojy cny-
uajeBa, ckopo 50%, 3actyrubeHn cy PVC nposopw.
[locMaTpaHo Ca MCTOPWJCKOr acneKTa, Y Haloj npakcu
je neueHwvjama b1o jeaHO AOCTYMNaH 1 kopuwheH aApBe-
HW, @ TeK KaCHwWje nojaBunuv Cy ce 1 Apyrn TUNoBu npo-
30pa. YonwTteHo nocMatpajyhu, He y3umajyhn y 0b63ump
TN objekaTa, MOXKe Ce KOHCTaToBaTh fa Cy y MoyeTky
KopuwheHn Npo3opw Ca jeAHOCTPYKMM 3acTak/berbeM,
KaCHWje npeosnahyje ABOCTPYKM MPO30P Ca LUMPOKOM
WY YCKOM KyTWjOM, MOTOM NPO30P KPWO Ha KpWno, Cee
[0 MojaBe jeAHOCTPYKOr MPO30pPa 3aCTak/beHOr TePMO-
130MaUMOHMM CTaknoM. Mopen aApBeHwx, kopuwhenn cy
1 MEeTaNHW PamoBMK, Tako3BaHa LipHa bpaBapuja, n3pahe-
HW O TBO3[EHMX KyThjacTux Npodurna, yrnaBHoOM Ha no-
MORNHWM NPOCTOPMMA, CTEMEHUWTNMA, XONOBMMA. Any-
MUHW]YMCKM NPO30pW Cy PeTKo yrpahreaHn koa 3rpaaa
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 Mmepw, Npoueca caHauuje 3rpafa. Y paHujum ne-
proamma rpaate PVC npo3opn Hucy unu goctynHn. Ca-
Hauvja je Hajuewhe obyxBaTtana 3amMeHy AOTPajanvx ap-
BEHWX WM METaNIHWX MPO30pa U, EBEHTYaSHO, NOMPaBKy
KpOBa, AOK Cy OCTane mepe peTko npumerbneaHe. PVC
NpPO30pK Ca ABOCTPYKMM CTAKIOMAKETOM Mo KoebuLmjeH-
Ty Npornasa TonnoTe ganeko cy edukacHuju Of CTapux,
AOTPajanux APBEHKX NPO30pPa, a ¥ Aaneko 6osbe 3anTu-
Bajy, Tako fa je 3ameHoM Npo3opa yHanpeheHa eHepreT-
CKa epUKaCHOCT 3rpaja NpeaLIKONCKMX YCTaHOBa.

ako je npvmeHa oBe Mepe 06HOBE Y BENMKOM Opojy
Cnyyvajea joBena o Nobosblliakba eHepreTcKor paspea
3a jefiHy Knacy, Kako je Halwmm nponmcrma O TepMUYKOj
3aWTnTN objekata ycnosmbeHo'!!, PVC npo3opu yrpahu-
BaHM NpW PEKOHCTPYKUMjL Hajuelhe He oarosapajy Aa-
HalUHK1M 3axTeBMMa perynatvige'?. 3aTo ce, Kao jefjHa of
mepa yHanpehetba 3rpaja Aeunjyx ycTaHoBa, Nprmerbyje
Vi Mepa Koja AeprHMLLIE Camo 3amMeHy NPO30pPa, ann ca Ka-
PaKTEPUCTMKAaMa KOje 3axTeBajy CaBPEMEHN MPOMMNCU.

Tpeba vctahw fa, KOA 3rpaja NPeALLKOCKMX yCTa-
HOBa rae Cy MPO30pK 3amMerbeHn, Mepa MOHOBHE 3ame-
He MOe JOBEeCTY 10 »KerbeHOor Moo bliakba CaMo ako Cy
NPO30pW M3Yy3eTHO KBaNUTETHU 1 yrpaheHn Tako Aa ce
NOCTUrHe jow 60/ba 3aNTUBEHOCT.

3acTopu

CnospallkbK 3acTopu Ce cMaTpajy HajeduKkacHujum
CpefCTBOM KOje CrpeyaBa nperpeBarbe HacTano Kao rno-
cnepvua ampekTHor yTnuaja CyHUa, anm Cy OHM PETKO
NpojekToBaHu v yrpaheHn y 3rpage NpefwKonckux yc-
TaHoBa. (MpadmkoH 2.14). Buwe of NonosuHe 3rpafa Mma
YHYTpalUH€e 3aCTOPe KOjU, Y CBAKOM Cyyajy, A0NPUHOCe
Komdopy aelle cnpeyvasajyhu HenoTpebHM brbecak, anu
He yTW4y 3Ha4ajHuje Ha NojaBy NperpeBakba. Minak, Bulle
ofl TpehuHe objekaTa Hema HIKaKBE 3aCTOPE, Ma Ce MOXKe

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

'?3a npo3ope y noctojehm 3rpagama Koje ce 0bHaBsbajy
KoeduLMjeHT Nponasa TonnoTe Npo3opa U3HOCK HajBuLLle
U=1,4W/m?K, npema MpaBUnH1Ky 0 eHepreTcKoj edprkacHOCTH
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)
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KOHCTAaTOBaTX fa y OBakKBVM YyCTaHOBama Huje obes-
6eheH notpebaH HMBO kombopa 3a bopasak feLie. Kako
je cnosbHe 3acTope TeWKO YrpaanTy, HapoUunTo Kafla ce
paau O PasHUM TMMOBMMA GUKCHUX CEHIMA, MOTPEBHO je
Jla Ce y OKBMPY CaHalvije 3rpafa npeasuae yHyTpallrbm
3aCTOpW Kao jefiHa of Mepa Nobosbliakba TOMOTHOT, ann
1 CBETNIOCHOT KOMdOpa.

MpadukoH 2.14. MNocTojarbe 3acTopa Ha 3rpafama
NPeALKONCKMX yCTaHoBa [%)]

Hema no blinds
crosballrby external

yHyTpaltsK internal
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MprmereHn maTepujanu dacagHor 3uga

Y cknafly ca rpaheBMHCKOM npakcom y Cpbujw, Haj-
vewhe npuMerbMBaHW MaTepuwjan 3a 3uaakbe 3rpada
NPeALIKONCKMX YCTaHOBA jeCTe oneka. Y mpakcu, NpBo je
KopuwheHa nyHa, 3aTm OLWYMN/beHa oneka 1 MoTOM orne-
Kapcku 6nok. OBM MaTepujani 3acTynsbenu cy y dacan-
HUM 31a0BKMMA Y BULe of 80% WCNUTaHKX 3rpaja Wro
je nnycTpoBaHo Ha padukoHy 2.15. 3acTynmbeHoCT ocTa-
NINX MaTepujana je roToBo He3HaTHa. ApMUPaHKN BETOH je
y HOBMje Bpeme KopuwheH YriaBHOM Kao je0 KOHCTPYK-
TVBHOT CUCTEMA 3rpade, anu je y Makb0j Mepw 3aCTyM/beH
1 Kao [1eo 3aBPLIHKMX C/ojeBa GpacaaHor 3uaa.

Y aHanusmpaHoj 6asv 3rpada NpPeawKoNCKMX ycTa-
HOBa HemMa [JOBO/bHO NofjaTaka O OCTaNVIM NPUMeHbeHNM
maTepujanvma, anv Tpeba HanoMeHyTH fa ce CNopaany-
HO youaBajy v 3rpafe rpaheHe TPaaLMOHANHUM TEXHW-
KaMa, Kao WTo cy boHapyk unv hepnuy. OBe ncTopujc-
Ke 3rpage 61 Tpebano uyBatv 1 Kaf 1U3rybe npBoouTHY
HameHy Aeuuje ycTaHoBe. Hb1xoBo obHaB/mbarbe Tpeba,
y TOM CJy4ajy, U3BPLUNTU 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.n 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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lpadukoH 2.15. MpoueHTyanHa 3acTyn/beHOCT NPUMeHsEHNX
MaTepwjana pacagHor 3uaa [%]

oneka clay brick

6nok hollow clay block
6eToH concrete

apBo timber

hepnuny adobe

npyro other

Huje feduHmncaHo N/A

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

Tepmowizonaumja dacagHor 3uaa

Haj3HauajHuju nponmucy o TEPMUYKO] 3alWTUTL 3rpa-
Ja Koju cy obyxBaTuUAM CBe TUMOBe 3rpafa, Na v 3rpage
NPEeAWKONCKNX yCTaHOBa, 0bjaBibeHn cy 1980. rognHe’.
Ako ce ynopeaun 6poj nrpaheHunx 3rpaga, y nepogy no-
cne 1980. roavHe 10 flaHac, ca bpojeM 3rpaaa Koje UMajy
TEPMOM30MaLMOHN CNOj Y cacTaBy dacafHoOr 31aa, MOXe
Ce KOHCTaToBaTH Aa ce Paav o UCTUM objekTuma (y oba
cnydaja 24%, MpadukoH 2.16) a OBa UMHEHMULA HABO-
AW M Ha 3aK/bydak fia Cy CcTapuje 3rpaae urpahere 6e3
Tepmowusonauuje.

lpadukoH 2.16. [MocTojarbe TepMoun3sonalyje y cknony
dacanHor 3upaa [%]

navyes

He no

0 10 20

Byayhu na manv 6poj 3rpaga NPeaLKONCKMX yCTaHo-
Ba MMa yrpaheHy TepMour3onauujy, To je aHanm3a BesaHa
32 aebrbrnHy OBOr Cnoja paheHa Ha BEOMa Masniom y30p-
Ky. Minak, 3Moxe e 3aKfbyunTH Aa je nebrbrHa NnprMerbe-
He Tepmou3onauuje y Hajgehem 6pojy cnydajesa, WTO je
O[roBapano TafaWwHoj Npakcy, Ao 5cm (y uwe of 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, MpadukoH 2.17). [ebrbu cnojeBn TepmMoun3o-
nauwje nprmerbyjy ce y KaCcHWjUM Neproamma, Hapouu-
TO MO CTyMakby Ha CHary caBpemeHx Nponmca'; KoHCTa-
TOBaHO je fia “ma 3rpaja ca yrpaheHom 13onaumnjom v o
15cm, maga y 13y3eTHo Manom 6pojy. (MpadurkoH 2.17)

MpadurkoH 2.17. 3aCTyn/beHOCT Pa3nnuumTHX AebmbrnHa
npviMerbeHe Tepmounsonauje dacagHor 3uaa [%]
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Mpeosnabyjyhu Tun pacape

Mpema 3aBplHOj obpaan dacafe, Ha 3rpagama
NpeALKONCKMX yCTaHOoBa Npeosnahyje ManTtep, WTO Of-
roBapa TPaAWUMOHANHOM TpeTMaHy Y Halloj mpaKkcu.
Mnak, y Buwe of 20% y30pKa, Ha OBUM 0bjeKTVMa ce yo-
uaBa 1 dpacafjHa oneka, A0K je NpUMeHa OCTanmx TUMoBa
bacana 3aHemapsbuBa. (MpadrkoH 2.18).

3apap moryhe obHoBe (acafHWX CK/IOMOBa, Haj-
velwhe NpUMerbeHW MaTepwjan, ManTtep, omoryhasa nako
NOCTaB/bakbe TePMOM30IaLMOHOT C10ja M HOBE 3aBpLuHe
obpafie Koja y NOTNYHOCTV OfroBapa NpPBOOUTHOM M3-
reny 3rpafe. Y cnyyajy dacagHe oneke, npeko nocTa-
B/bEHE TepMom3onauyje, YKONMKO ce Xeu Aa ce 3aap-
XKW OPUTMHANHW 13rned 3rpaae, HeONMXOAHO je MOCTaBUTU
[OAATHN 3aBPLUHM CNOJj KOjW CBOjUM M3rnefom noaceha
Ha oneky: onekapcke naounLe iy GacaHy naHenn ca
3aBPLUHUM CINOJEM KOJU MMUTMPA OMeKY.

" IMpaBWnHKK 0 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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lpadukoH 2.18. 3aCTynsbeHOCT PasnNnNUUTUX TUMNOBA
maTepujanmnsaumje 3aBpwHe obpane dacage [%]

npyro other

napknekc Parklex

KameH stone

anykoboHp Alucobond
LieMeHTHe nnoye cement panels

6eTOH concrete

oneka brickwork

manTep plaster

Crame MCNpPaBHOCTK 3rpaje

Y Be31 ca NPOLEHOM CTatba MCMPABHOCTY 3rpage, Ha
NOCTaB/bEHO MKWTarbe O MOTPebu 3a ofpeheHrM UHTep-
BeHUMjama, NoHyheHo je neT moryhrx ofiroBopa y ckia-
Ay Ca CTakeM MCMPaBHOCTW Koje ce Hajuelwhe cpehe y
npakcw. To cy cnepehe moryhHocTu:

1. vcnpaBHa

2. noTpebHa Nonpaska Wan AenMmmnyHa 3ameHa

3. noTpebHa peKoHCTPYKLUWja, afanTalymja nnuv 3ameHa
enemeHaTa TepMUYKOT OMOTaYa

4. potpajana

5. HeOosplleHa

Buwe of nmonosuHe 3rpafa y Kojuma Cy CMelTeHwm
00jeKTV NPeALKONCKNX YCTaHOBA, Npema CnpoBefeHoM
NCTPaXKMBarby, 3aXTeBA HEKY BPCTY MHTepseHuuje. Cma-
Tpa ce ncnpasHM 30% 3rpafia, AOK je oko 10% objekata
AoTpajano. Hajsehu 6poj nHTepeeHUWja Koje cy noTpeb-
He Npw 0OHOBM 3rpafla OAHOCE Ce Ha MonpaBky dacaae,
KpoBa vnu 3ameHy Npo3opa. CTakbe MCNPaBHOCTH 3rpaja
Aeunjux yctaHosa y Cpbujn NprikasaHo je Ha padukoHy
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 LUKOACKMX 3rpaja [%)]

ncnpasHa in good condition

rnoTpebHa nonpaska in need of repair

notpebHa pekoHCTPyKUmja in need of reconstruction
foTpajana in disrepair

HenoBpueHa unfinished

Figure 2.19. Condition assessment of kindergartens [%)]
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Byayhu pa je rotoBo 12% 3rpafa KnacndukosaHo
Kao foTpajano, Hamehe ce nMuTakbe AOHOLWeHa MCnpas-
HUX CTPaTeWKMX OANyKa MPUIMKOM HUXOBOI TPETMA-
Ha. 3rpaje Koje ce He Mory, Ha oarosapajyhu HauunH, 0b-
HOBWTM U HUCY BMLE 3a Aarbe Kopuwherbe CUrypHo He
Tpeba uyBaTu. VIcTOBpemMeHo, 3rpafie Koje Bulle Hemajy
HameHy NpeALIKOCKMX YCTaHOBa Ce MOry OOHOBUTU U
pexabunmnToBaTy y3 NPOMeHy HameHe, MOroToBO Kafla je
pey o 3rpafilama Koje 1Mmajy NCTOPUJCKI 3HaYaj.

Pexxm kopuwhetba 3rpaga NpeaLKoncKuxX yctaHoBa

3rpafe NPeALWKoNCKMX yCTaHoBa ce BeNMHOM Kopu-
CTe, 33 Pa3NKY Of LIKONCKKMX 3rpaja, TOKOM Lene roan-
He, IoK Ce 13y3eTHO Manu 6poj ynoTpebrbasa ca NeTHOM,
TO jecT 3umckom nay3om. (TpadukoH 2.20)

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

TOKOM Liene rogunHe whole year
Ca 31MCKOM nay3om winter break 8
Ca NeTHOoM nayzom summer break

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

AHanM3a Hefde/bHOr pexmma Kopuwherba yKasyje
[a ce 3rpaje CKopo MCK/bYYMBO KOpMUCTe neT [aHa He-
[esbHO, LWTO OfroBapa Halloj Npakcu Aa bopasak Aele y
OBVM yCTaHOBaMa HWje OpraH130BaH y AaH1Ma BUKeHAa.
(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 kopuwherba 3rpage [%]

uene Heperbe whole week 1
6 naHa 6 days M 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 NpviKyr/barba Nofgataka o 3rpa-
Aama NpeaLKoNCKMX yCTaHoBa, oapeheHn 6poj MuTatba
je nocBeheH CTary TEPMOTEXHUUKMX WHCTanaumja y
FrMa'®. Ha »anoct, Ha 13BecTaH 6poj MUTarba HUCY AaTh
OfroBopw, Na je 3a nojefuHe aHanuse KopuwheH Heww-
TO MatbV Y30paK of yKynHor 6poja aHkeTupaHnx BpTvha
(563). Y3poK Tpeba TpaKWTL Y HefoCTYNHOCTM Tpaxe-
HUX MofaTtaka, Kao 1 MoTpebHOM HMBOY OBYyYeHOCTU 1
TEXHWYKOT 3Hatba aHKeTapa.

[pejare, BeHTUNAUWja, KNMMaTU3aumja

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

padwkoH 2.22. Pacnofena NoKpUBEHOCTL 3rpafa
NpeALIKONCKMX yCTaHoBa rpejarbem [%]

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

He nocToju 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 NPeOUWKONCKUX yCMAaHo8a —
MemoOoIOWKU OK8UP hopMUparea munosioauje U No6oLUWAra
eHepaemcke 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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lpadukoH 2.23. Pacnoaena NoKpMBEHOCTH 3rpaja
NpeaLKONCKMX YCTaHOBa BeHTUNaLMjom [%]

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

Uena 3rpaga whole building 10
Hajsehu feo 3rpage major part of the building  [§2
Matby fieo 3rpaae 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 NpeALKONCKMX yCTaHoBa, C 06-
3VPOM Ha NMepUoA 13rpaje, NPOojeKToBaH je v n3rpaheH
6e3 MHcTanaumnja BeHTUNaumje 1 KnvmaTtvisaumje. 3a pas-
NVKy Off WKOMa Koje YrnaBHOM He paje 3a Bpeme fe-
THer pacnycTa, NPeaLKoncke yctaHoBe cy y GyHKUmjK
TOKOM Liene roauHe. VIHCTanauuje seHTUnaumje 1 K-
MaTv3aumje nocefyje penatvusHo Manu 6poj 3rpaga vy
GYHKUMjM Cy CamO Y Marbem Aeny 3rpafe WTo UycTpyjy
MpadukoH 2.23. n MpadukoH 2.24. Tpeba nctahu aa je y
nocneare Bpeme npumeheHa MnojaBa KAMMaTM30BaHa
LIeNIoKyMHOr MPOCTOpa NPeALKONCKe YCTaHOBE LUTO He-
CyMHMBO AONPUHOCK noseharby Komdopa.

MpadukoH 2.24. Pacnoaena NOKPUBEHOCTH 3rpaja
NPEeALWKONCKMX YCTaHOBA KMMaTu3aumjom [%]

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
Marb1 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 rpejama Age of HVAC systems

Y BehnHM 3rpafia MPeALWKONCKMX YyCTaHoBa Mpe-
oBnahyjy ctape MHCTanaumje rpejarba Koje yrnaBHOM
pajge C Manum CTeneHoM uckopuwhera ropwea. 3a-
CTYM/bEHOCT CUCTEMA 3a rpejarbe Koju Cy TPEHYTHO Yy
bYHKUMjW, Npema CTapoCTH, MOXKe Ce jaCcHO BMAETW Ha
MpadukoHy 2.25.Youasa ce fia ce y NOCNefHEe Bpeme rpa-
[V AOCTa HOBMX 3rpafia, oK Ce nocTojehe peHoBMpajy y3
yrpaarby HOBUX MHCTanaumja 3a rpejarbe.

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.
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lpadukoH 2.25. CTapocT c1McTema 3a rpejarbe y 3rpafama
npeALKONCKux yctaHosa [%]

no 10 rogmHa below 10 years
10-20 rogmHa 10-20 years
20-30 rogmHa 20-30 years

npeko 30 rognHa over 30 years

Kaga ce aHanusmpajy cuctemun rpejarba y 3rpagama
NpefWKONCKMX YCTaHOBa, Hajuelwhe je y npumeHu cuc-
TEeM LIEHTPAIHOT rpejatba Ca CONCTBEHOM KOTIaPHULIOM. Y
LieHTpanv3oBaHe CUcTeme rpejarba yopajajy ce v rpejarba
113 BIOKOBCKMX KOTNapHMLA, Kao U 13 KOMYHanHor cucTe-
Ma [a’bUHCKOT rpejarba. 3a pasiviKy Of WKOMCKMX 3rpa-
[a, Y NPefWKoNCKnm ycTaHoBama Cy Aaneko Marbe 3a-
CTYM/bEHM CUCTEMM NIOKANHOT rpejarba. (MpadmkoH 2.26.)

lpadukoH 2.26. 3aCTyn/beHOCT PasNNUMTKX CUCTEMA 33
rpejarbe y 3rpafiama npeaLKoncKkmx yctaHosa [%]

6nokoscKa KoTnapHuua city block boiler station I ¢

narbmHCKo rpejarbe district heating

nokanHo rpejarbe local heating

TONNoTHa Nymna heat pump

LleHTpanHo 3a 3rpagy centralized for building
LEHTPasHo 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 1 eHepreHT Koju Ce HajBuLle Kopu-
CTe y 3rpafilama NpeALWwKoNCKMX YCTaHOBa MpriKasaHu cy
Ha padukory 2.27. C 0b3mpom Ha To aa npeoenahyjy
LieHTpanHu CUCTemu rpejarba, HajuLle ce KopucTe (an-
PEKTHO WU UHANPEKTHO) MPUPOLHM raC KOju je EKOMOLL-
KV Hajnpvxeat/bierje GOCUIHO rOpUBO, a 3aTUM TeyHa
ropuBa.
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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 3rpaga NpeawKoNCcKMx yctaHosa [%]

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

npupoaHw rac natural gas

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

yrasb coal

npyro other

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

Keanutet rpejara

JeaHo of NuTarba y aHKeTM OJHOCKNO Ce Ha OLeHy
KOPUCHMKa O KBANUTETY rpejarba y 3rpadama NpeswKon-
CKMX YCTaHOBa, Mpe CBera O NocTn3arby TEPMUYKKX YC-
noga yrogHoct. Obpafia OAroBopa KOPUCHWKA NpuKa-
3aHa je Ha padukoHy 2.28. YnrbeHnua aa Hajgehu 6poj
KOpMCHKKa (cKkopo 70%) rpejarbe oleryje kao Aobpo
nnn 3aaoBosbaBajyhe ykasyje fla cuctemu rpejarba Ao-
6po dyHKUMoHMWY. MocmaTpajyhu ,ekcTpemHe oLieHe o
KBaNMTETY rpejatba Moxe Ce 3ana3uTu Aa je NpUoAnXHO
jeaHak 6poj KOPWCHWKA KOjW rpejarbe Y CBOjOj NpefL-
KOJICKO] YCTaHOBM OLerbYjy KaO OLJIMYHO M OHMX KOjU
Cy AeNVIMMYHO 33J0BOSbHM MM CMaTpajy Aa je rpejarbe
nowe. lNogatak fa 16% KOPUCHMKA HMje 3a40BOSbHO
rpejarbem, MHAMKATUBAH je, U YKasyje Ha HEOMXOAHY pe-
KOHCTPYKLMjY OHWX 3rpajia y Kojuma Cy HeaaeKBaTHW yC-
NOBW TepMUMUKOr Kombdopa mnu npeacTasbajy Heedu-
KacHe noTpollaye eHepruje.

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

oannuHo perfect

nobpo good

3a0BosbaBajyhe 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

29



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

Obpafom aHKeTe O eHepreTCKUM KapakTepucTKama
3rpaja NpeaLwwKoNCKMX yCTaHOoBa yTBpheHa je kopena-
UMja n3mehy MHCTanMcaHor cuctema 3a rpejake 1 ouje-
He KOPUCHMKa O KBanuTeTy rpejarba y toiMa. Hajuelwhe
je Kao OAnMUYHO M [OOPO OLieHbEHO LIeHTPaHO rpejarbe
(M3 CONCTBEHE KOTMAPHWLE WM CUCTEMA [arbUHCKOD
rpejarba). VIHTepecaHTHO je Aa je LUeHTpanHo rpejarbe,
3ajefiHO Ca NIOKAfHKM rpejakbem, 400UNO 1 HajswLe no-
WX olleHa — AeNMMMYHO 3aA0BOSbaBajyhe. Vnak, 6poj
NO3UTVBHYX OLIEHa je Aaneko Behu, WTo oxpabpyje.

YTBpheHa je 1 Kopenauwuja mamehy OCHOBHOT KO-
pUWNEHOr eHepreHTa 1 OLleHe KBanMTeTa rpejarba Ko-
PUCHMKa. HajBuIOM OUEeHOM je ouerbeH KeanuTeT
rpejarbe Kaa ce KOpUCTM NPUPOAHW rac Kao eKOMOLLKN
HajnpvxsaTbueKje docunHo ropuso. MehyTtum, Tpeba
ncTahv Aa je npoueHTyanHa pacnoaena oleHe KOpUCHU-
Ka O KBanuTeTy rpejarba Yy 3aBWCHOCTM Of KopuwheHor
ropvBa NpUINYHO PaBHOMEPHa.

CaHuTapHa Tonna Boaa

LleHTpanHa npunpema caHutapHe Tonne soge (CTB)
HWje YeCTOo 3aCTyn/beHa Y 3rpafjiaMa NPeaLKONCKMX yCTa-
HoBa y Cpbuju. (MpadwkoH 2.29.)

MoTpolHa Toma BoAa Ce YriaBHOM Npunpema o-
KanHo, y enekTpnyHmm 6ojneprma, oK camo Ae0 1Ma U1
LEHTPanHy Npunpemy CaHUTapHe Tomnne Bofe, Hajsuwe y
OHVM 3rpajiama Koje 1mMajy CBOj KOTao MK Cy Ha CUCTeMy
[a/bMHCKOT rpejakba. YoueHa je nojasa Aa ce y nocnefrbe
Bpeme Yy 3rpaje NpefKOACKMX yCTaHOBa yrpahyje cuc-
TEM 33 LeHTPanHy npunpemMy CaHUTapHe Torsie Bofe.
Takohe, NpeTnocTaBka je fa Cy Yy 3rpaje 13 panujer ne-
profa 3rpafrbe HakHagHo yrpaheHn 6ojnepw, jep y cTa-
PYjM OBjeKTVMa HIUCY H MOCTOjaM.

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

uena 3rpaga whole building
Hajsehu feo 3rpage major part of the building
Makb1 f1eo 3rpagde 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. Itis
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 NpeawkKonCcKmx yCTaHoBa rpeje
BoAy Momohy 6ojnepa Koju Cy NPOTOUHM 1 akymynaLmo-
HW. AKyMynrcaHa Tomna Bofa y akymynaumoHum 6ojne-
pViMa ce BpeMeHOM Xflaaw, umme ce rybu eHepruja. Mpo-
TOUHW 6ojnepn rpejy Body Kaja Cce OHa 1 KOPUCTU, Tako
[a Cy TOMNOTHK FyOULM Marbl, anu ce eneKkTpoeHepreT-
CKM cuctem onTepehyje Behom cHarom, WTo cTBapa Ao-
JaTHe rybuTke enekTpuuHe eHepruje y MHCTanauvjama
1 HaMOJHOj MPEXW. Y YIUTHUKY NuTakbe O TUMy yrpahe-
Hor 6ojnepa Huje MOCTaB/beHO, Tako [a Huje Mo3HaTo
KOjW TUM 1 Ca KOAMKOM 3acTyn/beHOWRyY ce KopuUcTu y
BpTVhNMa.

2.3. EnekTpoeHepreTcke MHCTanauuje
MoTpolutba enekTprUYHe eHepruje

[la 6u ce omoryhno yeua y notpebe 3rpafa npeat-
KONCKMX YCTaHOBA 3a eNeKTPUUYHOM eHEPrijoM 1 ofpe-
anne moryhe mMepe 3a yHanpeherse eHepreTcke edrikac-
HOCTV, HEOMXOMHO je MPUKYMUTU 1 06paauTV noaatke
O rofuLLHO0j NOTPOLW KW eNekTpUUYHe eHepruje no jegun-
HVLUW NOBPLUKHE n3paxkeHe y kWh/m?. Y npealkonckim
yCTaHOBaMa Ce eflekTp1YHa eHepruja Hajuelwhe Kopuc-
T/ 33 Jobujarbe CaHWTapHe Tomsle BOAE, 3arpeBarbe
npocTopuja, Npunpemy xpaHe, paj OCBET/bEHA, Kao
N PasNUUTUX enekTpnuHMX ypehaja. Ha ocHoBy mpu-
KynSbeHvx nofaTtaka o 563 3rpage, 66% je aano nHpop-
Mauujy O roAuLLHb0j MOTPOLWHY eNekTpuYHe eHepruje.
Ha MpadukoHy 2.30. je npuKaszaH XMCTOrpam rofguniibe
cneunduuHe NOTPOLHE eNekTpUYHe eHepruvje 3rpaaa
NPEeAWKONCKMX yCTaHoBa NpwkasaH y kWh/m? Cneuu-
drUHa NoTpOLWHba enekTpuUHe eHepruje ce kpehe y on-
cery of oko 10 kWh/m? go oko 110 kWh/m?. Ca npuka-
3aHOr rpadunKoHa ce Moxe BMAETV Aa TpehuHa 3rpaga
NPEeAWKONCKMX YCTaHoBa Tpowwn mMake o 30 kWh/m?
rognwrbe. Ca apyre cTpaHe, ceera 10% 3rpaga TpoLmn
Buwe oa 75 kWh/m? [poceyHa cneunduyHa notpo-
WHa eNeKTpuUYHe eHepruje y NpealkonCckiuM yCTaHOBa-
ma 'y Cpbuju nsnocn 41,65 kWh/m? roguwrse. 13 cnpo-
BeIEHNX aHaM3a MOXKe Ce 3aK/byUnTy [1a je MoTPOWHa
y 3rpaflama npeawKonckmx yctaHosa y Cpbujn seha y
O[JHOCY Ha WKOSCKe 0bjeKTe.

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 NpeawKoCKyX yCTaHOoBa

Figure 2.30. Electricity consumption per m? in preschool
buildings

120
[
100 4
2 c 80 /
S5 S A
o= Q
&8s g 60 -
2] >
25 2 /'4
re 5§ W =
I
=2
sZIc 2w
S3ETE 2
S B S =
c3s b= et
E52c=2 0 [~
CNRLRURLIAILIAAIBRLIBAES

06jeKTV NPeALIKONCKIX yCTaHoBa (% of yKynHor 6poja spTiha)
preschool facilities (percentage)

Ynotpeba knuma-ypehaja

YnoTpeba knunma-ypehaja y 3rpafama npeswKoncKkmx yc-
TaHOBa MOXe Ce MoCMaTpPaTh Kao Ae0 eneKkTpoeHepreT-
CKMX MHCTanauwja, byayhn na y Cpbuju oe nHCtutyLmje
YINaBHOM HUCY MOKPVBEHE LIEHTPANTHUM CUCTEMOM K-
maTusaumje. Y nopebhetby ca WKOMaMa, 3aCTyn/beHOCT
Knnma-ypehaja y 3rpagama npeawKkonckmx yCTaHoBa je
3HaTHO Beha, Mafja 1 aarbe npeko 60% 3rpaaa Hema Hu-
KakaB BMA KNmaTusauuje. Lto ce Tnye npeoctanvx 40%
objekata, 15% HoMX je y NOTNYHOCTU KAMMATM30BaHO, a
25% y marb0j Mepw. JlokanHa ynoTpeba knvuma-ypehaja je
Hajuyelwhe 3acTyn/beHa y pagHimM NpoCcTopurjama yrnpase.

EHeKTpI/I‘-IHO OCBET/bEHE

BelwTauko ocBeTbehe je jemaH of sehvx noTpouwava
eNeKTPUYUHEe eHepruje y 3rpagama NpPeaLKonCKmnx ycTa-
HOBa, Te je reroBuM yHanpeherbem moryhe nosehatu
YKYMHY eHepreTcky eduKacHOCT. Haj3acTynibeHnjn Bu-
AOBU OCBET/bEHbA CY MHKAAECLIeHTHO OCBeT/bee (Chja-
NMLe Ca YXKapeHOM HUTK), GryopecUeHTHO OCBETIberbe,
wreabmee cujanuue (CFL) n LED ocBeTberbe. Y 3rpafa-
Ma NPefWwKoNCcKMx yctaHoBa y Cpbuju HajzacTynbeHuje
cy dnyo ueBw, Na MHKaaeCLeHTHO ocBeTberse. LUTenmn-
Be cnjanmue v LED ocseTrberbe jow yBek HUCY TONMKO 3a-
CTynSbeHu, ann ce oyekyje Aa he HrxoB NPoLeHTYanHm

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 rsbopa LED ocseTrberba Tpeba KOHCYI-
TOBATW CTPYUHbaKe 3a OCBET/bEHE KAKO OM CMeKTpasnHe
KapaktepucTrke ogabpaHor LED oceeTrberba bune npu-
XBaT/bMBe 33 NPOCTOpMje Y Kojuma bopase aela. AyTo-
MaTCKa KOHTpONa OCBeT/berba BPMO je peTka. Ha ocHoBy
NPUKYN/beHMX NMoAaTaka, MPOCeYHo Bpeme pajia BellTay-
KOT OCBeT/berba Yy 3rpajama NpefLKoNCKKX yCTaHoBa Y
Cpbujn n3HocK 6,5 catn. Ha lpadurkoHuma 2.31, 2.32. 1
2.33. MpyrikasaHa je NpoLeHTyanHa 3acTyr/beHoCT passvi-
UMTVX TWUMOBA OCBET/bEHA, 33aCTYM/bEHOCT ayToMaTCKe
KOHTpOE OCBET/bEHA, KA 1 MPOCeYHa IHEBHA YNOTpe-
6a BelTaukor OCBeT/berba Y 3rpafjamMa MpefKONCKMX
yCTaHOBa.

MpadukoH 2.31. Ynotpeba paznmumTix TMNOBa OCBET/bEHA Y
3rpafama NpeALKoNCcKmx 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 NPeLKONCKMX of artificial lighting in preschool buildings [%]
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lpadukoH 2.33. MpoceyHa AHeBHa ynoTpeba BeluTaykor
OCBET/berbA Y 3rpaflaMa NpefWwKoncKmx ycTaHoBa [%)]

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

npeko 9 catn over 9 hours

YnoTtpeba poTOHAMOHCKMX CcTeMa

(DoToHanoHckM cructemyt omoryhasajy nokanHy npo-
M3BOfMbY €NeKTpUYHe eHepruje 13 eHepruje conapHor
3paverva. [lopes Tora WTO nNpefcTas/bajy OBHOBLUB
M3BOP eHepruje, NIOKarHOM MPOM3BOMAFOM ENeKTprY-
He eHepruje ce 3Ha4ajHO CMarbyjy rybuUm Koju HacTajy y
NPEHOCHO] 1 ANCTPUOYTUBHO] Mpexn. (Babuh, Hypuwnh,
»Kapkosuh, 2015). Mo3uTrBaH edekaT 13rpasHe GoToHa-
MOHCKMX CCTEMa Ha CMarberbe rybuTaka U KBanmTeT Ha-
MOHa MOXe Ce 3HaTHO noeeNaTy NPUMEHOM YrpaB/barba
MOTPOWHOM Y 3rpafama npefwKonckix yctaHosa (Ko-
Typ, Hypuwuh, 2017.) 1 CMarWTK CHara pasmeHe eHep-
rvje 3rpafla NPefKONCKMX YCTaHOBa U enekTpoeHep-
reTcKor cuctema. Vlako mocToju Benvku noTeHumnjan 3a
FbVIXOBY M3rpafby Ha KPOBOBVIMA MPEALIKONCKMX YCTa-
HOBa, GOTOHAMOHCKM CUCTEM je, Mpema AOCTYMHUM WH-
dopmaupjama, 3a cafa y Cpbuju MHCTanNMpaH Ha KpoBy
Camo jefHor objeKTa NpefLWKonCcke ycTaHoBe. HCTanu-
CaHa CHara oBor cuctema je 2,8 kW . Hajgehw 6poj srpa-
Aa NPEeALIKONCKMX YCTaHOBa 1Ma KOCK KPOB, YeCTO jyxKHe
opwjeHTaumje, wWTo omoryhasa edukacHo kopuliherse
GOTOHAMOHCKYIX CMCTEMA Na je OA MPUOPUTETHE BaXKHOC-
TV Npeay3eTn Mepe 3a MHCTanaumjy GoToHanoHcKumx na-
Hena Ha objekTMa npefwKonckmx yctaHosa. OBaj BUA
MHCTanaumnja Ha WKONCKUM 1 MPeALKONCKMM ObjeKkTUMa,
nopef eHepreTckmx edpekaTa, Ma 1 eflykaTvBaH 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,
Burisi¢, 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. JEOMHNCAHE TUTIONOIJE 3TPAJA
MPEALWKOJICKNX YCTAHOBA

Knacndukaumja 3rpaia npeaWwKoncKrx ycTaHoBa

OcHoBHa MaTpuLa 3a dopmrpatse TMNOOrWje 3rpa-
[la NPefWKONCKMX yCTaHOoBa — BPTUha, pe3ynTaT je 6poj-
HVX aHanm3a ayTopckor Tima. OHe cy obyxBaTuie pas-
BOj MPeALWKONCKMX YCTaHOBa KOA Hac, pa3Boj 3rpaja
HaMEHCKM MPOJeKTOBaHUX 1 rpaheHux 3a NpealKkoncke
yCTaHOBe, MPOoMK1ce O NpojekToBakby W rpahersy 3rpada
NPefLWKONCKNX YCTaHOBA 1 MPONMCE O TEPMUYKO] 3aLUTW-
TV 3rpajda. Takohe, Ha Gopmmparbe TMNooWKe MaTpuLe
yTuuanu cy n 6pojHn Apyru GakTopu Be3aHW 3a Npojek-
TOBatbe 1 rpahere apxXUTEKTOHCKMX ObjeKaTa: BpemeH-
CKe MpekpeTHULE Y Pa3BOjy TEXHUYKMX 1N TEXHOMOLIKMX
MOryRHOCTV M3rpafirbe, pasBoja CMCTeMa, MPomn3Boaa U
maTepujana, Kao 1 Mo3HaBatbe Pa3BOja apXMTEKTOHCKe
Teopwuje (MMCAW), TO jJeCT CTUNOBA Y NMPOJeKTaHTCKOj MpaK-
C1 KOA Hac, Kao M3y3eTHO BaxxHOr kputepnjyma. OCHOB-
Ha MaTpwLa TMNonorunje 3rpaga NPeaLKoNCcKMX yCTaHoBa
nedUHMCaHa je Kpo3 YeTrpu BpemeHCKa neprnopaa:
« [0 1945, roguHe
« 1946-1970.
« 1971-1990.
- nocne 1991. rognHe

Mpn onpehvBarby TMNOBa 3rpafia Mo BEMUMHM, KO-
puheHa je aHanu3sa gobujeHrx NoaaTtaka ca TepeHa, Kao
W MPOjEKTaHTCKa aHanm3a 3acHoBaHa Ha Moryhum opra-
HU3aLUMOHUM WemMama 6a3npaHnM Ha YMHOXaBakby Ti-
MUYHe jeavHuLIe CTaHAAPAHUX AuMeH3Mja ca npatehrm
cafpajemM 1 oAaBaHemM HeOMXOAHNX XONCKMX MPOCTO-
pa, NpocTopa 3a aAMUHUCTPaLK]y, M30onauujy..

Ha oBaj HaumH pedwHWCaHa Cy Tpu Twna 3rpafa
NPeALIKONCKMX YCTaHoBa (Mpema BpyTO NOBPLIMHN):

+ Marbe, nospuinHe o 500 m?
«  cpeprbe, noBplwiHe of 500 m? go 2.000 m?
- Behe, noBpLwKHe npeko 2.000 m?.

Ha lpadukoHy 3.1. npefctae/beHa je pacrnopgena
yKynHor GoHAa 3rpaja NpewKoACKMX yCTaHoBa No 6py-
TO pa3BujeHoj rpahesnHckoj nospLumHwM (BPTTI).

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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MpadukoH 3.1. 3aCTyn/beHOCT 3rpaja NpeawKoNCK1x ycTaHosa
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 Haj3acTyr/beHuje 3rpa-
A€ NPEeALKONCKNX YCTaHOBa CPefbe BEIMUMHE; OBAKBHMX
3rpafa y yKynHoM 6pojy uma suie oa 50% (MpadurkoH
3.2.). Opyrvi no 3aCTyn/beHOCTM Cy Manu 0b6jeKTy, a peTke
cy 3rpafie nosplmHe Behe og 2.000 m?,

lpaduKoH 3.2. 3aCTynN/bEHOCT Manux, CPeaHbUIX U BENMKIX
3rpaja NpefLKoNACKYX yCTaHOBa, NpemMa nepuroay 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 [%]
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small (bellow 500 m?) before 1945
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medium (501-2000 m?) -
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large (more than 2000 m?) 1971-1990
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Pe3y11TaTI/I Knacrtep aHanuse

Kao ocHOB 3a MpuMeHy NMocTyrka knactep aHanuze's,
6ynyhv fa H1je 6rUnNo Moryhe KOpUCTUTM CBE aHanm3u-
paHe KapaKTepuCTViKe 3rpafia NpWKYN/beHux y ucTpa-
XVBatby, KopulheHe Cy camo OCHOBHe KapaKTepuCTHKe
Koje ce ofjHOCe Ha MOBPLUMHY ¥ BONyMeTpujy objekata,
Kao ¥ Ha maTepujanusaumnjy TepmMrMUYKor oMoTada: OpyTo
MOBPLUVHA 3rpajie, CNPATHOCT 1 KOMMaKTHOCT 3rpaje,
KapaKTepUCTVKe KPOBa, MaTepujan GacafHor 31aa, kao
1 NOCTOjatbe Tepmovizonaumje y TEPMUUKOM OMOTauy.

16 Objawrberbe KnacTep aHanmse Aato je y Krbman 1 32pade wikosi-
CKUX U NPeOWKOICKUX YCMAaHOo8A — MEMOOOIOWKU OKBUP (hopMU-
Ppara munosiozuje U NoboselLAard eHepaemcke euKacHoCmu
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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 nospLumHa (bM)
gross floor area
Mepuion MNapameTpy aHanmse Marbe o 500 m? 01500 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.
1046-1970 | 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 dacagHor 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 | KOMMAaKTHOCT compactness KOMnakTHa / fien. pasyheHa KOMnMaKTHa 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 dacagHor 3upa 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 vnm 6eToH clay block or
or brick concrete

HaBeaeHe KapakTepucTuke cy oaabpaHe umajyhn y
B[y HbVIXOB 3Hauaj 3@ EHEpreTCKe KapaKTePUCTHIKe 3rpa-
Ae. AHanM30M y30pKa CTaTUCTUYKMM MeTofiama, a npema

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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HaBefeHVM KapaKkTepucTvkama, dopmmpaHa je MaTpuLia
Ca onmnc1mMa MOAENCKMX 3rpafa Koje ce Hajuelwhe cpehy
Y 3a[aTUM FPaHUYHMM YCIoBMUMa. Y ClyyajeBuma rae je
aHanm3a nokasana nofjeAHaky BeposaTHohy nojase pas-
NIMUATUX BapuWjaHT ofpenheHrx KapakTepmncTuKa, a koje
MMajy AvpeKTaH yTuUaj Ha TepMuuke ocobuHe 3rpafe,
nopef AOMUHAHTHOT TWMNa 3rpaja, yCBojeHa je 1 Moryh-
HOCT MojaBe 1 ofroBapajyher noatvna. Y oBoM ciyuajy,
Kaf Cy 3rpaje NpeaLKonCcKMX yCTaHoBa y NuTakby, Nof-
TVN npeosnahyje Ko MHCTUTYUMja Cpefitbe NOBPLIMHE,
n3mehy 500 m? 1 2.000 m?, 1 To y Nepuoay U3rpaaHe
1945-1960. roguHe.

[MpoueHTyanHa 3acTyr/beHOCT 3a CBe TWMoBe W
NOATVMNOBE 3rPafa NPEAWKONCKNX YCTaHOBa Y YKYHOM
rpaheBnHCKOM GOHAY OBYVIX 3rpafa, AobuvjeHa knactep
aHanu3om, 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 CPMCKOr je3uKa.

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

Tabena 3.2. 3aCTynsbeHOCT TUMOBA NPeLKONCKMX YCTaHOBA
no nepunoamnma msrpaarse [%]

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

Mepvioa Mane Cpeare Benuke
Period (1o 500 m?) (500-2000 m?) (Behe og 2000 m?)
Small Medium Large
(smaller then 500 m?) | (500-2000 m?) (above 2000 m?)
0o 1945.
before 1945 o1 386 Goe
1946-1970.
1946-1970 6,54 8,74 1,30
1971-1990.
1971-1990 12,46 34,63 11,93
nocne 1991.
after 1991 CiER 272 337

AHanusom nopataka y Tabenwu 3.2 je yTepheHo Aa cy
nojefnHN TUMOBK 3rpafa NPeLWKONCKMX YCTaHOBa BPIO
PETKM Y YKynNHOM GOHAY, Tako fa AobuWjeHn onrcu Moaen-
CKUX KyNa, Ha V3y3eTHO Manom y30pKy, HACY peneBaHTHY
3a 1U360p CTBapHWX NpefcTaBHKMKa. Kao rpaHuyHa Bpef-
HOCT YCBOjeHa je 3aCTyn/beHOCT Y yKynHOM 6pojy 3rpa-
Aa oA MUHUMYM 2,5%. NoTpebHO je HarmacuT Aa je ue-
NIOKyNaH MpoLec orpaHuyeHe TayHoCTW, 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 aflekBaTHy MprMeHy MoCTynKa
KnacTtep aHanmse HeoxofaH je Behu y30pak Mo CBaKoj
henmjn'. Ha ocHOBY HaBefeHe anpoKc1MaLmje, NpoLeH-
TyanHO HepeneBaHTHWM TWUMOBW 3rpafla HUCY MpUKasaHu
Y MaTpULM HUTU CY HIXOBE KapaKTePUCTIKe y3eTe Y 0b-
3Vp NPWIKIKOM 0BpadyHa MOTPOLWHE eHeprije, Morynnx
ywTefa eHepruje Kpo3 NpoLec eHepreTcke pexabunmnta-
Lurje U HVBOA eMmncuje YribeH-AMOKCMAA Ha HUBOY UYMTa-
BOr rpaheBuHCKOr GoHa NPeALKONCKKX 3rpada. Huxos
CTATUCTVYKM NPOLEHAT je pacriopeheH Ha Aapyre Tvnose
3rpafia uvje Cy KapakTepucTvike KopuwheHe NpUanKom
npopayyHa.

MpeTpakrBarbeM rpaduuke [OKyMEHTaumMje npu-
KyrnsbeHe TOKOM Mpoljeca cnpoBohersa Monmnca, Kao U
npernefom CBMX OCTanux JOCTYMHWX M3BOPA, UAEHTV-
¢drKoBaHe Cy 3rpage NPeALKONCKMUX yCTaHOBa Koje Haj-
BYLLIE OAroBapajy CTaTUCTUYKK ofpeNeHM KapakTepuc-
TVIKaMa MOAENCKMX 3rpafa. Ha oBaj HaumH aedrHUCaHM
Cy peanHy penpe3eHTV MOAENCKN reHepucaHmx 3rpaaa
npema AOMVHAHTHVM KapaKTepucTvKama JoOnjeHrM 13
Knactep aHanmze. (Tabena 3.3))

Mpunrkom ofabvpa peanHux penpeseHaTta mMopen-
CKWMX 3rpaja, Benvku 6poj HeAoCNeAHOCTH je 3HAaTHO OTe-
Xao npouec naeHTrdrKaumje ogrosapajyhnx npumepa.
Beoma uecTo, mpefWwKocke yCTaHOBE KOpWCTe 3rpa-
[ie unja je NpBOOMUTHA HameHa bGvna CTaHOBarbe a Tek Cy
KaCHvje agantvpaHe 3a noctojehy HameHy. OBaksu Ciy-
uajeBu Cy Hajuewh y NpBOoM AepUHNCAHOM BPEMEHCKOM
nepunopy, Mafia ce jaBrbajy ¥ KacHuje, rae je Beoma yecta
npeHameHa Apyrix objekata 3uaaHnx 3a noTpede WKona,
jaBHWX ycTaHoBa... Takohe, Bennkn 6poj 3rpaga je npetp-
neo [orpafry WAM HaAorpaarsy, afantauujy, 3ameHy
[OTPajanmx KPOBHMX MNOKPMBAYa, 3aMeHy Mpo30pa, Opu-
TMHaNHUX CUCTEMA 3a Fpejarbe, Tako Aa nocTojehe cTarbe
4eCTo OACTYNA Off OPUTMHAIHOT, NPOJEeKTOBAHOT CTakba.

[o NpuKyn/barkby TEXHNYKe JOKyMeHTalmje, CBe farbe
aHanuse, geduHucarbe mMoryhux yHanpehera v npo-
padyHV Cy paheHn Ha OCHOBY MNPOJeKTOBAHOr CTahba

V TIprHUMNY KNacTep aHanvse Aatv cy y Kreksn 1 3epade
WIKOJICKUX U NPEOWKOICKUX YyCMaHo8a — Memo0o/10WKU
OK8UP hopMUparea munonozuje U N0bosbUIArA eHepeemcke
eghukacHocmu

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

17 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
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oflabpaHnx penpeseHaTta. MnycTpauvje npukasyjy 3a-
TeyeHa CTarba OBMX ycTaHoBa. CnpoBedeHe aHanmse y
Be3n ca MoryhHocTiMa yHanpeherba 3rpafa Kpo3 roui-
XOBY eHepreTcKy pexabunutaumnjy ofHoce ce He camo Ha
opnabpaHe 3rpaae Beh v Ha Leo rpaheBnHCKN GOHA Komve
npvnaga penpeseHTt. Ha Taj HauMH AaTy Npeanosun, Kao
1 AoBUjeHn pesynTaT Mory Ce MPUMEHUTY 1 Ha ocTane
3rpaie NPEeALIKONCKMX YCTaHOBa UCTOr TUMa.

Tabena 3.3. Tunonouwka mMatpuLia oaabpaHrx penpeserHata

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

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

Mepvioa
Period

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. roonHe

Mana 3rpagaa, noeplHe Ao 500 m? npeacTaBba Haj-
velWNK TMN NPeaLKONCKe yCTaHOBe Y nepuroy npe 1945,
roavHe, ca Buwwe of 70% 3acTynibeHocTw. [Npeflukoncke
yCTaHOBE Cy, MO CBOjOj MPUMAPHOj HaMeHW, OpraHn30-
BaHe NOKaHo, MUHUMM3MPajyh noTpeby 3a TpaHcnop-
TOM flelle, WTO Y KNacuyHoj ypbaHoj MaTpuum pesynTnpa
cBefleHNM MPOCTOPHUM OOYXBATOM 1 MarbiM 0BjeKTMMA.
Y CeOCKMM HacerbMa OBakaB TMn objekata je pehu, np-
BEHCTBEHO yC/e[ OopraHu3auuje n CTpyKType nopoany-
HVX fomahmHCTaBa Koja Cy buna BullereHepaumjcKa Te
Huje buno noTpebe 3a OBMM TMNOM ObjeKkaTa.

lpaduikoH 4.A.1. 3aCTyn/beHOCT NPeLIKONCKIMX 3rpafa 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 nepunogy npe 1945, ouekrBaHo, Nnpeosnahyjy Kom-
NakTHe ¥ fenMMUUYHO pasyheHe 3rpafe. Mako je QyHk-
LUMOHaNHa CTPYKTypa NPefWKONCKMX objekaTa AoHe-
Kfle apyraumja of WKONCKMX, C 0O3VPOM Ha W3pasuTy
3aCTyn/beHOCT MarbVX 3rpaja, oHe Cy Hajuewhe Beo-
Ma jeJHOCTaBHe OpraHmM3aumje cacTaB/beHe Of HEeKOMW-
KO jeAvHMLa, NO NPaBwsy, OPraHn3oBaHWX y camMo jef-
HOM TpakTy. lNoTpeba 3a 0bjeanrbaBarbem rpymnHMX coba
NOJeAVHMX CTAPOCHWX FPyMa v YCNOCTaB/bakem ANPEKT-
He Be3e MPOCTopa yHyTap W BaH ObjekTa yCnosuau cy
nosehaHy pasyheHocT, Te cy v AeNMMUYHO pasyheHu
06jeKTV NPUMETHO 3aCTyMIbeHN.

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

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

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

HEernosHaTo
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 NPeAWKONICKKX 3rpada npema
KOMMaKTHOCTK dopme y nepurogy npe 1945. roamHe [%)

6,5

359

[Mpema CnpaTHOCTK, AOMUHAHTHY TN NPESLKOSCKe
3rpafe 3a nepuop npe 1945. roguHe jecte npusemHa
3rpaga. [loTnyHo ouekwBaHo, MMajyhu y Buay nspasu-
Ty 3aCTYyN/beHOCT Manux objekata, Kao 1 NPYPOAY OBOM
TMNa 06pasoBHe ycTaHose. CnpaTHYIX 3rpafa vma Y 3HaT-
HO MarbeM OPOjy 1 YrMaBHOM Cy Be3aHe 3a rpafcke Tepu-
TopWje, rae je y KnacuyHoj ypbaHoj Matpuum 360r orpa-
HUYetrba NpoCTopa NapLiene HeomxoaHa Beha cnpaTHOCT.

C 0631pom Ha Mpupoay objekTa, y OBOM Nepurogy ce
rpafe Nofpymcke mMpocTopuje yrnaBHOM Kao MOMONHM
npocTopu (0CTaBe, KOTNapHULE, PaaVOHNLIE), @ KOA Of-
peheHor 6poja 3rpaga NPUMETHa je 1 KacHWja NpomeHa
FbXOBE HAMEHE U YK/byUMBatbe Y KOPUCHW elyKaTUBHM
NpOCTOp Kao nocneamua nosehaHor 6poja KoprCHMKa.

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

220 33

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

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). Itis 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
GF+2

M+3

707 GF+3
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Kocn KpoB je roToBO jeAuHN TUM KPOBHE KOHCTPYK-
Umje 3a cBe 3rpage urpahexe npe 1945. roarHe. OH je,
no NpaBwiy, APBEHE KOHCTPYKLMje Ca PasnnymTM TUNO-
BMMa KPOBHMX MOKPMBaYa, Hajuelwhe NMMOM 1 LIpernoM.
TaBaHCKM NPOCTOP Ce, MHUUMjaNHO, He KOpUCTK 3a 60o-
paBak, Majia je NpUMeTHa Herosa akT1eaLnja, Hajuelwhe
KOA rpafCKkMX 3rpaja, HacTana y KacHWjM nepuoarma.

MpadurkoH 4.A4. 3aCTyn/beHOCT NPEALKONCKIX 3rpaja npema
My KpoBa y nepuogy npe 1945. rogute [%]

22 11

3nfjaHe, MacMBHE KOHCTPYKLMje NpeAcTasibajy OC-
HOBHW KOHCTPYKTVBHW CKIOM 3rpafa NpPeawKonckmx yc-
TaHOBa OBor nepuopa. Hajuewhe kopuwheHy matepujan
je oneka (rotoso 90%) 1 ynoTpebbaga ce, y 3aBUCHOCTH
0f} CTapoCTy, ¥ pas3nnuntm GopmaTma 1U3paje, Kao U
TexHVIKama rpagrbe. [ipyri Tmnosu matepujanmsaumje ce
jaBrbajy cnopadnuHo, Hajuelwhe y KaCHUjUM UHTepBeH-
Umjama 1 Aorpafreama Ha objekTrma.

MpadmkoH 4.A.5. 3aCTyn/beHOCT Npes WKOJCKKX 3rpaja npema
maTtepujany dacagHor 3uaa y nepviogy npe 1945. rogvxe [%)

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 feduHmcaHo
N/A
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Mpo30pCKN OTBOPU NPeAWKONCKYX 3rpaja ce pase
Kao nojeAnHauHw, Marbe YKyrnHe NoBPLIMHE Y OHOCY Ha
noBpuwnHy dacaae. OpUrMHanHW Npo3opu Cy IPBEHK, MO
CTPYKTYPW jeHOCTPYKY WK ABOCTPYKM Ca Pa3ABOjEHNM
KPWIMMA, 3aCTakIbeHV jeJHOCTPYKMM CTakoM. 3a pa3nu-
Ky O LUIKOJNCKMX 3rpajia, BeNvKM 6poj NpeaLlKONCKIX yc-
TaHOBa OBOT Mepuofa Ce Hanasw y HeHameHCKM rpabe-
HUM, V1 KacHuje npunaroheHum, 0bjekTrMa, Te Cy OTBOpH
Ha FbVIMa MPETEXHO MakbUX AMMEH3Vja. [JBOKPUIHN BYI-
weaenHn Npo3opK Ca MakbiM KPUIMMA Y TOPHOj 30HM
Cy Hajuewnn NojaBHW 0BMKK.

MpadukoH 4.A.6. 3aCTyNsbeHOCT NPeALLKONCKYX 3rpaja npema
TVNy NPO30PCKKX 0TBOPA Y Neproay npe 1945. roanHe [%]

MpeALKoNcKe yCTaHoBe Cy MPOTEKANX roAnHa bune
npeaMeT NapumjanHux caHaumja u nHTepBeHUWja 3apas
nobosblarba ycnoBa koMpopa KOPUCHYKA. JeaHa of np-
BMX MO3MUMja Ha KojuMa Cy paheHa yHanpeherba cy yn-
paBo 6YNW NPO30PK, LWTO je YCNOBWO 3HATHY 3acTynsbe-
HocT PVC npo30pcKumx OKBMpa.

lpadvikoH 4.A.7. MaTepujan npo3opa y neproay
[0 1945. rofvHe (3rpaga y y30pKy, BULLECTPYKM 1360p) [%]
5

49
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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) [%]

[ Apeo
wood

PVC
PVC

anyMUHKym
aluminium

KOMOMHOBaHO
combined
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[NocTojarbe TeEPMOM30NaLVOHOT Coja y cacTaBy da-
CafiHOr 31MAa je, Takohe, BE3aHO 3a PEKOHCTPYKUMjY M
caHauujy, a He 3a OpWUrMHanHO cTare 3rpage. ObjekTn
NPefLKONCKNX YCTaHOBA Cy C& KOHTUHYMPaHO KOPUCTW-
NN YT HA3 TOAVHA Kafa Cy 1 BPLIEeHEe pasHe MHTepBeH-
umje — akTrBaLWja TaBaHCKMX U NOAPYMCKMX MPOCTOPKja,
HepeTKO 1 [Orpafrba, y CKNagy Ca Tafallbim Nponmc-
Ma, WTO je YCIOBWIIO NPUMEHY CaBpemeHnx matepujana,
TO jeCT TepMOM30NaLMOHNX CNOojeBa. Kao 1 KOA WKOMCKMX
3rpaga, 1 oBfe cy nojegnHe mehycnpatHe KOHCTPYKUWje,
Hajuewhe nNpema TaBaHCKMM ¥ NOAPYMCKIM MPOCTOPU-
Ma, peanvizoBaHe Kao ,KapaTaBaH', y3 ynotpeby Tpcke 1
3emsbe Ca NUbEBKHOM, CNI0jeBa Koji nocedyjy npumeTHe
TEePMOM30MaLMOHE KapaKTepPUCTHIKE.

lpadvikoH 4.A.8. Tepmowzonalmja dacafe Ha NPeaWKONCKM
objekTMa y nepvoay Ao 1945. roanHe [%)

TepmoTexHMUKe UHCTanauunje

OnpembeHoCT 3rpaga NPefwKoNCKMX yCTaHoBa 13-
rpaheHnx y nepwody Ao 1945. rogviHe vHCTanaumjama
rpejarba, BeHTUnaunje, Knumatmsaumje n npunpeme not-
poLLHe Tore Bofe npvkazaHa je Ha MpadukoHy 4.A.M.1.

Y Hajsehem Opojy 3rpafla NPeawKoNCKUX yCTaHoBa
(78%) nHCTanaumje rpejarba MOKPWBAjy LENOKynHy mno-
BPWWHY 3rpage. ViHcTanaunje BeHTMnaumje n Kammatw-
3alyije OpUrMHANHO HUCY Bune MHCTanncaHe y objeKTn-
Ma n3rpaheHum npe 1945, rogunHe, anv Cy Npu KacHWjUM
PEKOHCTPYKLMjaMa, 3a PasnKy Of WKOMCKMX 3rpaja rae
Ce rOTOBO yorwTe 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
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objekaTa (14%). LleHTpanHa npunpema caHWTapHe Tore
Bofe (CTB) HuMje KapakTepuCTMYHa 3a YCTaHOBE 13 OBOT
nepvofa rpaae, Beh ce, yrnaBHoMm, Npunpema noKanHo
y eneKkTpuYHUM bojnepurma.

lpadukoH 4.AM.1 3aCTyn/bEHOCT TEPMOTEXHNYKINX

nHcTanaumja n npunpeme CTB y 3rpaama npeawKoncKmx
yCTaHoBa y nepuogy Ao 1945. rogmnne [%]

[l rrejaree e .
heating ]
80
[ ] BeHTUNaUWja 70 -
ventilation 60 -
; 50
KnMmaTyi3aLvja
air conditioning 40
30 ; -
npvnpema MTB 20 =
DHW 10 -
O a

Y cknapy Ca CBe CTPOXWMM 3axTeBMMa 3a TePMUYKIM
KoMOpOM, MHCTanaumje 3a rpejarbe 3rpafa NpeaLKon-
CKMX yCTaHOBa m3rpaheHnx npe 1945. roanHe yrnagHom
Cy NpeTpnene pekoHCTPYKLM]y pasnmymtor obuma, Tako
[a Cy TPeHyTHe TEPMOTEXHUYKE MHCTanaumje Buwe pe-
3ynTaT OBWIX VIHTEPBEHLMja, HEFO OPUIMHANHO CTarbe.
MocmaTpajyhn CTapocT crucTeMa 3a rpejarbe 3anaxka ce
[a je roToBo jeAHak yaeo O6poja TePMOTEXHUUKMX WH-
CTanauuja npema ycBojeHoj nepuoamsaumju. (MpadukoH
4.AM2)

lpadvikoH 4.A.M.2 CrapocT c1ucTema 3a rpejatbe y 3rpagama
NpefWwKoNCKMX ycTaHoBa y nepunogy Ao 1945. ronuHe [%]

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 [%]

Lena 3rpaga
- whole building

2 Hajsehu fgeo 3rpage
major part of the building

3 Matbu Aeo 3rpase
minor part of the building

4 He noctoju
do not exist

5 Huje geduHMCcaHo
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 rognHa
20-30 years

npeko 30 rognHa
over 30 years
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Hajuelwhe kopuwheHn cnctem rpejakba NPewwKonCKmX
3rpaja je LeHTpanHu ca CoNCTBEHOM KOT/IapHWLIOM UK je
MOBe3aH Ha CUCTeM [aSbUHCKOT rpejarba, AOK Ce Y Makbim
3rpafiama NPeTexHO KOPUCTX NOKaNHO rpejarse. (Mpadu-
KOH 4.A.M.3). Kao eHepreHT ce HajBlLLIE KOPWUCTE MPUPOA-
HW rac, eneKkTpuyHa eHepruja 1 Apso. (MadwrkoH 4.AM.4)

MpadukoH 4.A.M.3 Cnuctemn rpejarba y 3rpagama
NPEeALWKONCKMX yCTaHOBa Yy nepuogy A0 1945. rognHe [%]

LeHTPasHO 3a 3rpagy
centralized heating for building

[ uerTpanHo 3a VIHCTUTYLM]Y
centralized heating for institution

apyro 53
other

MpadukoH 4.A.M.4 3aCTyn/bEHOCT OCHOBHOT eHepreHTa
3a rpejarbe y 3rpafama NPEeALIKONCKUX yCTaHOBa y Nepuogy Ao
1945. roguHe [%)]

yramn 15

coal

3
Apyro

other
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CucTtem UeHTpanHor rpejarba, 6e3 ob3mpa Ha 1o Aa
NN NOTNYE 13 COMCTBEHE KOTNapHULE WAV AarbUHCKOT
CcUCTeMa, MpefCTaB/ba TUM rpejatba KOJUM CY KOPUCHULN
Haj3aA0BOSBbHM}K, WTO je 1 ovekrBaHo Oyayhu Aa je no-
Kp1BEHOCT ObjekTa NMoTnyHa. Takohe, NokanHo rpejarse
npeacTaB/ba CUCTEM Tpejarba KOjUM Cy KOPUCHULW Haj-
Marbe 3a10BOsbHU. (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 4 AM.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, nener)
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 YCo-
B/bEHOCTW KBanWTeTa rpejarba KopUWREeHrM eHepreH-
TOM, 3aK/byuyje ce Aa Cy KOPUCHWULM Haj3afoBOSbHU|M
Kaja Ce 3a rpejarbe KOPWUCTM MPUPOAHN rac, Kao eKo-
NOWKM HajnpuxsaT/brBmje GOoCUIHO ropurBso. MNpuMeTHO
je n kopuhetrse enekTpUUHe eHepruja 3a rpejarbe obje-
KaTa, Mafla Ce He MOXe Ca CUrypHOWRY 3ak/byunTy Aa
NV Ce PaaM O NMPUMAPHOM CUCTeMy rpejarba Uan nomoh-
HOM KOjV Ce KOpWCTW 3a JorpeBarbe. [IpBo, Kao eHepreHT,
[06WNO je BP/O BUCOKe, anv U Cpefitbe, OAHOCHO Jlolle
OLleHe, WTO MOHajBKLLE 3aBNCK O MPUMEHEHOT CUCTEMA
rpejarba: LeHTPaNHoO nim nokanHo. (MpadrkoH 4.A.M.6)

lpadukoH 4.AM.5 Kopenaumnja namehy cuctema rpejarba
1 OLleHe KOPUCHMKA O KBAaNUTETY rpejakba y 3rpagama
NPEeALLKONCKMNX YCTaHOoBa 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

[AJbMHCKO rpejarbe
district heating

610OKOBCKa KOTMAapHULIA
centralized heating for city block

LEHTPANHO 33 UHCTUTYLMjY
centralized heating for institution

LleHTpanHo 3a 3rpagy
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
NPEeALIKONCKMX YCTaHOBa y nepurogy Ao 1945. roonHe

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 NOTPOLLHbE eNTeKTPUYHE eHep-
rvje y 3rpagama npeaLKonCKmMx yCTaHoBa m3rpaheHnx
npe 1945. roanHe, Moxe Ce 3aK/byynTn fa Ce enekTpuy-
Ha eHepruja yrnaBHOM KOPWCTM 3a OCBET/bEe MPOC-
TOpWja 1 Npunpemy CaHuTapHe Tomne Boae (Kog 78%
objekarta). 3a fobwjatbe TOMNNOTHe eHeprije, enekTpulHy
eHeprujy koprcTtn 14% objekata, IoK je oko 18% objeka-
Ta y NOTNYHOCTW UNK Hajeehmm Lenom 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 3aCTYMN/BEHOCT Y
3rpajama nNpeaLKonCcKIX ycTaHoBsa 13rpaheHrm y nepurogy 4o
1945. rognHe

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

. LED 1 uenasrpaga

LED 100 - whole building
90 -

. wrefsbmse cnjanmue 80 2 Hajsehu geo 3rpage
energy-efficient ég major part of the building
CHjanuLe ca ykapeHoMm HUTK 28 ; 3 Marbu feo 3rpage
incadescent 30 = s minor part of the building

20 A
bnyo Lesm 10 - = 4 He nocToju
fluorescent 0 M A do not exist
2 “—3= —

aKo ce, y V3BOPHOM 00Ky, Y 3rpafama npeaLKon-
CKMX yCTaHOBa M3 OBOI Mepviofa KOPUCTWUNO WHKafjec-
LIeHTHO ocBeTberbe, 13 MpadukoHa 4.A.E.T ce moxe Brae-
TV [1a Ce Y BENVIKOj MePU KOPUCTE 1 Gy LieBW, KOje faHac
YMHE AOMMHAHTaH BWA 13BOPa OCBET/beHba Y MPEeALLKON-
CKVM 0BjeKTVMA.

MNpoceyaH Opoj caTh pajda BelTaukor OCBeT/betba 3a-
BMCY Off TMMa NPEeALWKOSICKe YCTaHOBE 1 CMEHCKOT paja.
Ha lpadukoHy 4.AE.2. youasa ce na Hajsehu 6poj 3rpaga
NPeALIKONCKIMX YCTaHOBa 13 OBOT Nepwroga (33%) kopuc-
TV BELUTAYKO OCBET/bEHE BULIE Of 9 catv AHeBHO. Camo
7% NPeALKONCKNX YCTaHOBa KOPWUCTM BELITAUKO OCBe-
T/berbe Marbe Of 3 cata. Ha OCHOBY MPVIKYMSbeHMX Nofa-
Taka MOXe Ce 3aK/byynTI [a Ce y MPOCEYHO] NPeLLIKOS-
CKOJj YCTaHOBMW, 13 neprofa nirpagme npe 1945. rogvHe,
BELUTAYKO OCBET/bEHE KOPUCTW /—=7/,5 CaT Y TOKY AaHa.

lpadukoH 4.A.E.2 Bpeme kopuiherba BelITaUKOr OCBET/bEHA
y 3rpagama npeaLKonCcK1X yCTaHoBa M3rpaheHnm y neprogy
no 1945, roguHe [%)]

28

_4_ ,

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
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6-9 hours
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AyTOMaTCKa KOHTPOIa OCBeT/betba je BeOMa peTKa Yy
3rpafama Npelkonckmx yCtaHOBa 13 OBOI neproia. Ha
KPOBOBMMa 3rpafa 13 OBOI neprofa Hema MHCTanmcCa-
HWX d)OTOHaI'IOHCKI/IX cncTema.

Mepuoa 1946-1970. roguHe

Mepviof nocnepaTHe o6HoBe 1 ybp3aHu Pa3Boj rpa-
[0Ba [0BOAM A0 MMaHCKe M3rpafrbe HOBMX Objekata
NPeALIKONCKMX YCTaHOBa. PEKOHCTPYKUMja rpafckux Le-
NIMHA, NPOMEHa CTPYKTYpe CTaHOBHMLITBA, KaoO U pac-
NOMOXMBOCT MPOCTOPA MOTEHLMPAjY W3rpajikby Marbuix,
JOK Ce Y HOBOMMAHMPaHUM [efoBrMa rpafoBa rpaje
CpefHbe 1 NoHerae BenuKke NpefwKoscKke ycTaHose.

MpadukoH 4.5.1. 3acTyn/beHOCT NPeALWKONCKMX 3rpajja Npema
BenuunHN y nepuogdy 1946-1970. roavHe [%]

41
7,7

499

M3rpaatba BeNMx MPeaLWKonckux 3rpaaa, Kapakre-
PYCTVYHa 3a 0Baj Nepuof, NpaheHa je 1 NPOMeHOM CTe-
neHa KOMMNakTHOCTK dopme. byayhn na cy goMmnHaHTHe
3rpage ymepeHo Behvix MoBpLUViHa, NPOMEHa HUje K3pa-
31Ta, AN je JaCHO youwbMBa TexKkba noBeharba CTeneHa
pasybeHocTn. PasyheHn objektn ce Horbe npunaroha-
Bajy HEOMXOAHOCTW W3fBajarba MOjeAnHUX CTapOCHUX
rpynay 3acebHe LienvHe, opuyjeHTaumj1, anu 1 UCToBpe-
MEHO MOTY OArOBOPWTM 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?)

Herno3HaTo
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 [%)]

MNpema KpuTepwjyMy ClPaTHOCTM NMPU3EMHM 06jeKTK
Cy Haj3acTyn/beHujyi TUN NPefWwKoNCKUX 3rpafa. Mako
je, y oBom nepuioay, aowno fo noseharba NOBPLWMHE 1
6poja 3rpama, Npupoaa 06pasoBHOr NMpoLieca U paja ca
Manom fieLiom GaBopwu3yjy 3rpafe Marbe CrpaTHoCTH. Y
rpafcKUM CpefiiHama, MoroToBo Kof Behvix objekata, yo-
uaBa Ce M CNpaTHOCT Off TPW HaA3eMHe eTaxe, NpBeH-
CTBEHO Kao NoCneauLa Marbx MPOCTOPHYIX KanaunTeTa
noKauuje v noTpebe 3a pasaBajakbem PasNNYUTKIX CTapo-
CHWX rpyna aele.

TpadukoH 4.5.3. 3aCTyn/beHOCT NPeaLWKONCKYIX 3rpaja npema

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

289

KpoBOBM NpeflKONCKMX 3rpada, nepvoga 1946-
1960. rognHe, JOMUHAHTHO CY KOCH, Y3 MOjaBy PaBHWX 1
KOMOVHOBaHVX KPOBOBa Ha BehrM 0bjeKTrma, Hapouu-
TO y ypbaHum cpefnHama. Mare pasyheHu objekTn ce
eKOHOMMYHMje ,MOKPUBajy"KOCKM KPOBOBMMA, 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

[ AenvMAYHO pasyheHe
partially complex

51,1 pa3syheHe

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

HenosHaTo
N/A
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GF+1

M+2
GF+2

M+3
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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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Mafny CnpaTHOCT npefcTtassba npeosnahyjyhn tpenHa. C
003VpPOM Ha CTapoCT 3rpajja OBOr NepVoAa 1 penaTtume-
HO Cnabo oapasatrbe, y3 ynotpeby matepujana cnabwjer
KBanvTeTa (Mo faHalWmUM CTaHAAPAMMA), BENWKK 6poj
objekaTta je NMOABPrHYT CaHaUWjM PaBHOM KPOBa, Y3 13-
rpaAy KOCUX KPOBHWX KOHCTPYKUMja, WTO OnpaBfaBa
nobujeHe pesynTate.

MpadmkoH 4.5.4. 3aCTyn/beHOCT NpeaLWKONCKKX 3rpaja npema
Tvny KpoBa y nepunogy 1946-1970. roanHe [%]

89

Mo CBOM KOHCTPYKTVBHOM CKIOMY, MPEALIKONCKe
3rpage ce, yrnaBHOM, rpaje Kao MacviBHe 3uaHe KOH-
CTPyKUMje y3 ynoTpeby oneke v, KacHuje, 6nokosa. MNpu-
MeHa apmupaHor OeToHa je ycnes Marbux rabaputa
3rpaga, YrnaBHoM, CropajmnyHa v youasa ce Ha pernpe-
3€HTATVIBHW]UM 3rpafiama rpafickux cpeayHa.

MpadukoH 4.5.5. 3aCTyrn/beHOCT 6poja NpeaWKONCKYX 3rpafa

npema matepujany GacagHor 3uaa 'y neprogy
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 NpedwkonckmMx yCTtaHOBa U HbXo-
Ba OpraHn3alnoHa CTPYKTYpa ﬂpe&CTaBJ’bajy TN Mate-
PWjaNHO-OBAMKOBHINX KapaKTepUCTMKA KOjU ce He pa3-
J'IVIKyje MYyHO O OHOTI U3 NPETXOAHOI nepnoAa. Y NMnTakby
CYy MaCMBHE 3rpafe Ca NyHrm d)aCaLlHl/lM NNnaTtHWMa, 6e3
nnactmke n ca I'IOje,D,l/IHaQHl/IM MPO30PCKMM  OTBOPU-
Ma, MakbWX MW Cpearbux AumeH3uja. Koa Behux 3rpaaa
je, Hapo4nTo y |'|O3Hl/lj€!\/l aeny OBOr nepunoda, npuMeT-
Ha MpomMeHa 0bnMKoBHE OOKTPUHE, Te Ce nocTeneHo ja-
B/bajy BENW NPO30PCKM OTBOPK (MoHerae y BuAY Tpaka)
KOMOVHOBaHW Ca CKeNeTHOM KOHCTPpYKLMjoM. MaTepuja-
J'II/I3aLJ,I/Ija d)acanme CermMeHaTa peasiM3oBaHa y pasninym-
TVM AebsbrHama 3rpafama Aaje AMHaAMUYHUU U ,MOaep-
HWjW" n3rnen.
lpadukoH 4.5.6. 3aCTynsbeHOCT NPeAWKONCKMX 3rpaja npema
TVMY NPO30PCKIMX OTBOPa Y nepuogy 1946-1970. roanHe [%]

YouaBa ce faa je 3a nepviofg 1946-1970. roanHe ApBO
M Jarbe OOMMHAHTHM MaTepwjan 3a mM3pafy npo3opa,
Kafa je y nuTarby OPUIMHANHO MPOjeKTOBaHO CTakbe.
Mpunmerbyjy ce Hajuellhe ABOCTPYKM NPO30pK (LWMPOKa
W yCKa KyTuja) Unm caBpemMeHuju, Kpuno Ha kpuno” Yno-
Tpeba MeTanHVX NPo3opa je pe3epsrcaHa 3a NoMohHe 1
€BEHTYaNHO XOAHWYKe NpocTopuje. [0ToBO CBM 00jeKTK
OBOr Mepviofda ce, 1 farbe, KOpUCTe Y HenpomerbeHoM
0b1My 1 HaMeHW, Y3 NPUMETHE MHTePBeHLMje Y BraY 3a-
MeHe Npo30pa, Tako fa Cy, TpemMa TpeHyTHOM CTarby, PVC
MPO30PCKe KOHCTPYKLMje Haj3acTyribeHuje.

54

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 [%]
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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 nepwvogdy 1946-1970. roavHe (3rpafa y y30pKy, BULIECTPYKM
1360p) [%]

7

C 0631poM Ha TO da Cy MPBY TEPMUYKK MPOMMCH
[OHeTW TeK Mpej Kpaj MOCMaTPaHor Mepuoaa, MoXemo
pehun pa je youeHa nojaBa TepMOM3ONALMOHOT Croja Y
cacTaBy dacafHViX 31[oOBa Bule nocieamua npoueca
PEKOHCTPYKLUMje (CaHaLmje) Hero OpuUrMHamHoOr CTarba.
Byayhw fa je Benvkm 6poj objekata oBor nepuoa npeTp-
neo v Aorpafrbe Y KaCHWjUM neprogrma, nojasa TepMo-
n3onauuje ce sesyje u 3a ose Jenose 3rpaga.

MpadukoH 4.6.8. Tepmowizonauumja dacage y nepurony
1946-1970. ronuHe [%]

TepmoTexHU4yKe NHCTanaymje

Onpem/beHOCT MHCTanaumjama rpejarba, BEHTMNA-
uuje, KnMmaTursaumje n npunpeme NOTPOLLHE Tore BOAe
y 3rpajama npepLKonCcKyX yCTaHoBa v3rpaheHum y ne-
puopy 1946-1970. rognHe je Beoma CMyHa NPETXOAHOM
nepuomy M BUABWBO Ha MpaduikoHy 4.5.M.1.

Hajsehn 6poj 3rpaga (92%) onpemrbeH je MHCTana-
Unjama rpejarba Koje NOoKPKMBajy LIeNOKYMHY MOBPLUVHY.

Figure 4.B.7. Window materials in preschool buildings in the
period 1946-1970 (buildings in sample, multiple choice) [%]
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KOMBMHOBAHO
combined

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 MOCeayjy MHCTanauuje
BeHTUNaUvje v knvmatnsaumje. Ose cucteme nocegyje
penaTueHO Manu 6poj 3rpafja 1 To 300r PeKOHCTPYKLVje
TEPMOTEXHNYKMX MHCTanaumja. LleHTpanHa npunpema
caHuTapHe Tonne Bofe ([TTB) je marbe 3acTynsbeHa, Te
ce Uy BPTUNRMMA 13 OBOT Neproaa YrnaBHOM MpUMeHsYjy
JIOKANTHO MHCTanMcaHn enekTpmnyHn 6ojnepu.

lpadwvkoH 4.6.M.1 3aCTyn/beHOCT TePMOTEXHUUKIX

nHCTanaumja n npunpeme 1By 3rpafama NpefwKoncKmx
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 BpTvihnma m3rpaheHnm y HasefeHoM nepuody 50%
cucTema rpejarba je ctapo BuLe oa 30 roaunHa, Wwro ynyhyje
Ha 3aKkSbyyak Aa je y npoteknmnx 20 rognHa u3BpLIeH pena-
TMBHO Manu 6pOj PEKOHCTPYKLMja TEPMOTEXHWUUKIX NH-
CTanauuja, kao 1 aa BehrHa cuctema, No nNpasuay, paan C
penaTvBHO Manum cTeneHom nckopuiliherba ropyisa.

lpadukoH 4.6.M.2 CrapocT cucTema 3a rpejarbe y 3rpasjama
NPeALIKONCKNX YCTaHoBa M3 neproda 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 gedrHMCcaHO
N/A

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 [%)]

1 no 10 rogmHa

below 10 years

e}

10-20 rogmHa
10-20 years

20-30 roguHa
20-30 years

. npeko 30 rognHa
over 30 years
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HajzacTynibeHuju cructem rpejarba 3rpafa npeau-
KONCKMX yCcTaHoBa m3rpaheHux y nepuogy 1946-1970.
roAVHe je LeHTpanHu (Ca CONCTBEHOM KOTIIaPHMULIOM UK
NOBE3aH Ha CUCTEM Ja/bMHCKOT rpejarba) a 3aTM CUCTeM
NOKanHor rpejatba. (MpadukoH 4.6.M.3)

[JOMVHaHTHW eHepreHT je TeYHO ropuBO (NOX-yIbe),
NOTOM MPUPOAHW rac 1, Ca rOTOBO jeHAaKOM 3acTymnsbe-
HoWRY, enekTprYHa eHeprija U APBO. Y CUCTEMUMA LiEeH-
TPASHOT rpejatkba HajBuLLe Ce KOPUCTe MPUPOAHM rac 1
TeYHO ropuBO, a Y CUCTEMMMA JIOKANHOT rpejarba ApPBO,
[IOK je ynoTpeba eneKkTpuuyHe eHepruje yrnaBHOM [eo
nomohHor cuctema. (MpadukoH 4.6.M.4)

MpadukoH 4.6.M.3 Cuctemn rpejarba y 3rpafama NpeawKonckmx
yCTaHoBa M3rpaheHnm y nepuogy 1946-1970. roanHe [%]

LleHTpanHo 3a 3rpagy
centralized heating for building

LieHTpanHo 3a MHCTUTYLWjy
centralized heating for institution

Aapyro 47
other

MpadukoH 4.6.M.4 3acTynsbeHOCT OCHOBHOI eHepreHTa 3a
rpejarbe y 3rpaama npeawKoscKyx ycTaHoBa n3rpaheHrM y
nepwuogy 1946-1970. roguHe [%]

15

yrasmb
coal

Apyro
other

3310BO/bCTBO KOPUCHWKA MHCTANIMCAHUM CUCTEMOM
rpejarba je HajuspaxkeHuvje Kaga je y nuTarby 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 [%]

. 6110KOBCKa KOTNapH1La
centralized heating for city block

[ ABUHCKO rpejatbe
district heating
NOKanHo

local heating

TOMNOTHA 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, Ceuka, nenet)

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

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

27 L

The greatest user satisfaction with the heating quali-
ty was found in the centralized heating system with their
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rpejarbe (1o fa NoTnYe 13 CONCTBEHE KOTIaPHHULIE W
13 CUCTeMa Aa/bUHCKOT rpejarba). MIHTepecaHTHO je Aa cy
3anoceHn y MarbM BpTURMA BPAO 33/0BOSbHM NTOKas-
HVM cMCTeMOM rpejarba. (MpadnkoH 4.5.M.5)

Byayhu fia je oleHy KBanwuTeTa rpejarba ofpehnsao u
€HepreHT Koju Ce KOPUCTK, 3aK/by4YeHo je la Cy KOPUCHU-
LM Haj3310BO/BbHUM NPUPOAHMM FacoM, anu Cy, Takohe,
B1COKO OLEHWNN 1 CUCTEME KOjW KOPUCTE TeUYHa ropuBa,
KOja Cy Ca eKOJOLLIKOr acnekTa Beoma now m3bop. Mpu-
MeHa OBOT rOpMBa je UCTOBPEMEHO OlieHbeHa 1 HajBU-
LOM U HajHVKOM oLieHoM. (TpadmkoH 4.5.M.6)

lpadukoH 4.6.M.5 Kopenauuja nsmehy cictema rpejarba
1 OLieHe KOPUCHMKa O KBANUTETY rpejakba y 3rpafama
NPefWwKONCKMX 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

LIEHTPANHO 3a MHCTUTYLMjY
centralized heating for institution

LIeHTParHO 3a 3rpagy
centralized heating for building

NOKaNnHo
local heating

TOMMOTHA Mymra
heat pump
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MpadukoH 4.6.M.6 Kopenauuja n3mehy 0CHOBHOT eHepreHTa 3a
rpejarbe 1 OLleHe KOPUCHKKa O KBaNUTETY rpejarba y 3rpafjama
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
no6po
good
satisfying

3a0Bosbasajyhe

EnektpoeHepreTcke UHCTanaymje

AHanv3om CTPyKType NOTPOLLHbE eNTeKTPUYHE eHep-
rvje 3rpaja NPeaWKOACKMX yCTaHoBa U3rpaherunx y ne-
prody of 1946-1970. rognHe, MOXe Ce 3aK/byunTu fa
ce Hajgehu fieo enekTpuyHe eHeprvije KOpuCTW 3a OcC-
BeT/bErbe MPOCTOPMja 1 MPUMPEMY CaHUTapHe Tonne
Boze (kog 80% objekata). 3a fobVjarbe TOMNOTHE eHep-
rvje eneKkTpuuHy eHeprijy kopuct 10% objekata, [oOK
je oko 13% objekaTa y NOTNYHOCTV UK HajBehvM aenom
KIIMIMaTW30BaHO.

NeNMM1YHO 3a0Bosbasajyhe

partially satisfying

noue

bad

NPUPOAHN rac
natural gas

Apso
wood

yrarn
coal

TeyHa ropvisa
liquid fuel

enekTpuYHa eHepruja
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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lpadukoH 4.6.E.1 Tnosm ocBeT/beHba U HXOBA 3aCTYMN/bEHOCT
(Nnpema 6pojy 3rpafa y y30pKy) 3a 3rpafe NpeaLKONCKMX
ycTaHoBa u3rpaheHunx y nepuogy 1945-1970. rognHe.

Figure 4B.E.1 Distribution of types of lighting in preschool
buildings built in the period 1946-1970

. LED 1 uenasrpaga
LED 100 whole building
90
. WTeA/bMBeE CHjanmue 80 - 2 Hajsehu geo 3rpage
- 70 ) G
energy-efficient 60 major part of the building
CvjanuiLe ca ykapeHoM HUTK 4518 1 3 Matbu Aeo 3rpage
incadescent 30 B = minor part of the building
20 A
bnyo uesm 10 ! = 4 He noctoju
fluorescent 0 = _]f_ | amy do not exist
2 e

Mako ce y 13BOPHOM OBMMKY Y 3rpafama npeaLKon-
CKMX YCTaHOBA 13 OBOI NEPMOAA, Ka0 1 MPETXOAHOT, KO-
PUCTUO MHKA[ECLIEHTHO OCBET/bEHE, [PpadnkoH 4.5.E.1
nokasyje fia Cy AaHac y BefIMKoj Mepwt y yrnoTpebu 1 dny-
OpeclieHTHe LEeBW Koje UYMHe AOMMHAHTHM BUA M3BOPA
OCBeT/bEHA.

MpoceuaH 6poj caTv paja BELITAUYKOr OCBET/berba Y
3rpagamMa NpefLwKoncKMx yCTaHOBa M3 OBOT Nepuoaa je
npuvkasaH Ha MpadukoHy 4.5.E.2. BelwTauko oceeT/bere
ce y Hajgehem 6pojy 3rpaga (37%) kopuctn 6-9 catn
AHEBHO, [IOK je koA cBera 4% 3rpafa y ynotpebu marbe
of 3 caTa. Y NpoceyHoj NpeLlKONCKOj yCTaHOBW BeLITay-
KO OCBeT/berbE Ce KOpUCTU 7-7,5 catn y TOKY AaHa.

lpadukoH 4.6.E.2. Bpeme kopuwherba BELUTAUKOr OCBET/berba
y 3rpafiama npepwKonCcKMX yCTaHoBa U3rpaheHnm y nepuomy
1946-1970. roguHe [%)]

37

3 —_—

As in the previous period, the preschool facilities
built in 1945-1970 originally used incandescent lighting,
but fluorescent lamps presently prevailed, as it can be
seen from Figure 4.B.E.1.

The average number of working hours of artificial
lighting is shown in Figure 4BE2. In most preschool
buildings of this category (37%), artificial lighting was
used for 6-9 hours daily, and only 4% of the buildings
used it for less than 3 hours. The average facility of this
period used artificial lighting for 7-7.5 hours daily.

Figure 4.B.E.2. Working hours of artificial lighting in preschool
buildings built in the period 1946-1970 [%]

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
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AyTOMaTCKa KOHTPO1a OCBEeT/betba je BeOMa peTKka
Y 3rpafdaMa NpefwKonCcknx yCtaHoBa OBOTI nepmroia. Ha
KPOBOBMMa 3rpafja HemMa MHCTaMCaHX CI)OTOHaI‘IOH-
CKMX CcncrTema.

Mepuroa 1971-1990. roguHe

MHTeH3nBHa ypbaHM3aumMja Ha LENOKYNHOj TepuTo-
puju Penybnuke Cpbuje, y3 13rpafrsy MOTAYHO HOBMX
[iefoBa rpafoBa y cuUcTemy OTBOPeHMX BI0KOBa, YCNo-
BMNa je 1 U3rpafrby BenvKor 6poja objeKkaTa NpeaLwKon-
CKVMX yCTaHOBa. [0TOBO CBaka HOBOGOPMMPaHa NpocTop-
Ha LieNInHa je cagpxana y CBOM CKIIOMY 1 MPeALIKONCKY
YCTaHOBY HamerbeHy JIOKaHoOj nonynaumnjn. Y oBom ne-
pvioay je nsrpaheH Hajsehu 6poj NPeaLwKONCK1X 3rpaaa,
BYMLLE Hero y CBUM OCTaIM NePUOANMA 3ajefHO.

Cucrematvzaumja Tvna 3rpage npemMa BeMUMHK je
noKasana fia Cy Haj3acTyr/beHWjW Tako3BaHW CPeArbM
o6jekTu, TO jecT 3rpage 500-2000 m?.

MpadukoH 4.L1.1. 3acTynbeHoCT NpeawKoncKmx 3rpaja
nepuopaa 1971-1990. ronnHe npema BenuymHu [%]

6,7

BnokoBscka v3rpagrba, Mo NPUHLKMIY OTBOpPEHe Ma-
Tpuue, omoryhwna je sBehe NnoBpwHe NapLena 3a objek-
Te NPefWKONCKMX YCTaHOBA, TaKo [a Ce U HIXOB CTeneH
KOMMAKTHOCTW CMarbyje. Camo Cy Marbi 0bjeKTn peanu-
30BaHW Kao KOMMaKTHY, JOK Ce Cpefrbe 1 BennKe 3rpa-
A€ rpajie Kao AeNVMUYHO Vv n3pasnto pasyhere. Buium
couujanHu cTaHaapA ApyLUTBa je omoryhvio 1 pa3Boj Teo-
puja 1 cricTema 0OpasoBarba Koju Cy pe3ynTvpani UcTpa-
KVBakbeM 1 peanv3aumjom pasnnumnTuX Mofena npoc-
TopHe opraHwuzauuje. C TVM y BE3W je 1 BULWIK CTeMeH

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



pa3zyheHocTn: Behe 3rpage ce NPojeKTyjy ca OOUMHMM
nporpaMmnma Koju ocum WTo pacnopehyjy aeuy npema
y3pacTy (jacneHw, BpTURKYM 1 NPEALIKONCKN HUBO) YKIbY-
uyjy ¥ CropTcke, BULIEHAMEHCKe cane, ANCTPUOYTUBHE
KyxuHbe UTA.

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

429

MNocmaTpajyhn npema Kputepujymy CnpaTHOCTH, Mpu-
3eMHe 1 jeiHOCNpaTHe 3rpafe Cy U Aarbe AOMUHAHTHM TN~
NOBK NPEALIKONCKMX YCTaHOBA, WTO je BULWE y CKlady Ca
TMNOM 06Pa30BHOr Mofena, MPOrPaMCKOM KOHLIEMLIOM,
CTBapHUM noTpebama felle v Huje YCNOB/beHO BennYn-
HoM 3rpage. Marse 3rpage cy npeosnahyjyhe npusemHe,
[OK Ce OCTae rpafie Kao CnpaTHe 1, BeOMa PETKO, 4BOCT-
paTHe. Ha cnparty je Hajuewhe NpeasvheH cMmellTaj jacne-
He rpyne, OAHOCHO Kof Behux 3rpafa v npeflKkoncke
rpyne, Kao 1 ynpasa 1 CBeYaHe cane.

lpadukoH 4.L.3. 3acTynmbeHoCT NpeaLKONCKmX 3rpada
nepviofa 1971-1990. roavHe npema cnpaTtHoCT [%)]

23 27

Kao 1y paHnjum nepuoavma, 1 3a 3rpage usrpahe-
He 1971-1990. moxemo pehm fga ux 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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KapakTepuLLy KOCe KPOBHE KOHCTPYKLMje. 3rpaae PaBHMX
1 KOMOMHOBaHMX KPOBOBA Ce rpafe yrnaBHoM y Behvim
ypbaHum cpefmHama. EKCpecrBHOCT apXUTEKTOHCKOR
13pasa, y3 CTUICKY Pa3HOMMKOCT, AOHOCK Pa3HOBPCHOCT
NojaBHVX OBMMKa NpemMa BOMyMEeTPUJCKUM W MaTepwjan-
HVM KapakTepUCTVKama, Ma KOHCTaTyjemo Aa Cy y OBOM
nepuody Hactanu Heku Of Hajoosbvx npumepa apxui-
TEKTOHCKIMX OCTBaperba 3rpafa NPeALKONCKMX YCTaHOBa
Y HaLWOj rpafnTesbCKoj Mpakcu.

MpadukoH 4.L1.4. 3acTynsbeHoCT NpefwKoncKmx 3rpaja
nepuopa 1971-1990. rognHe npema Tvny kposa [%]

14,6

Mopencka pasHOBPCHOCT 3rpaja ce, y Makoj Mepu,
ornena y KOHCTPYKUMU ¥ MaTepujanmsaumnj dacagHmx
31[0Ba, e v farbe JOMUHMPa ynoTpeba oneke Kao oc-
HOBHOTI IPaAMBHOr eflemeHTa. NpumeTHa je 1 ynoTpeba
ruTep 610Ka, a Y Marboj Mepu 1 apmupaHor 6etoHa. Oa-
CafiHa nnaTHa Cy, y OBOM nepuogy, Hajuyelhe peannsosa-
Ha Y KOMOVHaUWMW Pa3nnumnTX Matepujana, a npuMeHa
bacaaHe oneke (FMHEHe 1 CUAMKATHE) je BeOMa YecTa.

MpadmkoH 4.L1.5. 3acTyn/beHoCT NpeALIKONCKMX 3rpaja
nepuopa 1971-1990. rognHe npema mMatepujany pacagHor

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 [%]
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Pa3Boj Mogena obpa3oBakba ¥ NMobosbllake yco-
Ba koMdopa y NpeALIKONCKMM 0bjeKTMa Cy MPUMETHM
N NPUAVKOM aHanm3e Npo30PCKMX OTBOPa KOjW 3ay3u-
Majy Buwe of 50% dacagHVx NOBPWMHA, @ HEPETKO ce
jaBmajy 1y 1Ay, 3a To 4004, KAPAKTEPUCTUYHMNX MPO30P-
CKMX Tpaka. MojeanHauHy oTBopKY Ha dacagHOM NnaTHY
Cy YrNaBHOM YeCTU KOA Marbix objeKkaTa.

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

219

19,6

AHanunupajyhu matepujanusaumjy npo3opa Moxemo
KOHCTaTOBaTN Aa je ¥ OHa, Y CKNafy Ca Pa3BojemM Mofesa
3rpafa, BeoMa PasHOBPCHa. [IpBEHV NPO30pK Cy 1 farbe
Haj3acTynsbeHnjy, anu cy cae Yewhn 1 anyMUHUYMCKH,
OfHOCHO MeTanHu. Vako je PVC Haj3acTynibeHmnjn Ma-
Tepujan 13page NpPo30PCKUX OKBMPA Y aHanv3MpaHoM
Y30PKY, HWje KapaKTepUCTUYaH 3a OPUMMHANIHO CTarbe
Beh je yrpaheH npunvkom caHauuja 1 06HOBa 3rpafa.

MpadvikoH 4.L1.7. Matepujan npo3opa NpefwKonckmx 3rpaja
3a nepwviog 1971-1990. roanHe (3rpaga y y30pKy, BULLECTPYKN
1360p) 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

anyMUHNjym
aluminium

KOMOMHOBaHO
combined
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MpBK 036UIBHUjW TEPMUUKL NponucK Yy Penybnuum
Cpbuju natipajy 13 1970. roanHe, a y 3HatHo sehem obu-
My ce cpehy on 1980.roaumHe. To 61 3Haumno ga sehnHa
objekaTa peanv3oBaHVx y OBOM Neprogy Mva TepMoun30-
NaUMOHM CNoj y cactaBy dacagHor 31aa. AHanmsmpajyhu
[OCTyNHe nofaTke BMAVMMO [a je ynoTpeba Tepmonsona-
Luje v farbe penatmeHo mana (MpubnmkHo 25%), Wwro ce
MOXe OBjaCcHUTU MPUAKMYHO AyroM MpoLeaypoM 13pa-
[le NPOjeKTHe JOKYMeHTauumje 1 camux 3rpafa, kao 1 Of-
CYCTBOM TEXHUUKE KOHTPOSIE AN NPYMEHe MPOoMnuca.

MpadukoH 4.L1.8. Tepmonzonaumja Gpacane npeuKoncKmx
3rpafa 3a nepwog 1971.-1990. roamHe [%)]

TepmoTexHMUKe NHCTanauuje

OnpemrbeHoCT 3rpaga NPefwKoNCKMX yCTaHOBa 13-
rpabervx y nepuogy 1971-1990. rognHe MHCTanaumjama
rpejarba, BeHTUnaunje, Knumatmsaunje n npunpeme not-
pOLWHE TornJe Bofe Ce He Pasnkyje Of TeHAeHLUWja yoye-
HUX Y MPEeTXoAHVM NeproammMa. (MadwvkoH 4.LL.M.1).

BehuHa 3rpaga (98%) je onpemsbeHa MHCTanauvjama
rpejatba Koje 3arpeBajy Ueny 3rpafy Wiv rbeH Hajsehu
neo. Mako sehunHa BpTWMha HeMa MHCTanaumje BeHTuna-
unje 1 KNMMaTM3aUmje, youasa ce yellha yrpagra LeH-
TPanHKX CMCTeMa BeHTUMaLUumje 1 Knnmatmnsauuje 3a ueny
3rpagy, WTO CBaKako AOMPUHOCK NMobosbluakby TepMmny-
Kor koMdopa KOPUCHWKa. V1 LieHTpanHa npunpema caHu-
TapHe Tonne sofe ([TB) ce cge Bule NpuMetbyje, anu je
jow yBeK AOMUHAHTHa ynoTpeba enekTpryHx bojnepa.

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 [%]]
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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.LL.M.1 3acTyn/beHoCT TePMOTEXHUYKIX
MHCTanauvja n npunpeme MTB y 3rpagama npefwKonckmx
ycTaHoBa n3rpahernm y neprogy 1971-1990. rogvne

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

Bule of NonoBrHe MHCTaNMCaHUX CUCTeMa rpejarba
y BpTMAKMA 13 0BOT Neprnofa, CTapo je npeko 30 roanHa.
To yKasyje fia of M3rpafirbe HUCY BpLIEHe OUTHe NHTEp-
BEHLWjE, TO JeCT CUCTEMM Pajie Ca PENaTUBHO Manm CTe-
neHom nckopuwherba eHepreHara.

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

[loMrHaHTHY cucTem rpejarba y neprioay 1971-1990.
je LUeHTpanHM (ca CoNCTBEHOM KOTTAPHMULIOM MW 13 CUCTe-
Ma Aa/bWHCKOT rpejarba). CrcTem NoKanHor rpejarba Npu-
Mehbyje ce y MarbVM 3rpafama M 3acTyn/beHOCT je 3HaTHO
peha Hero y npetxoaHom nepuogy. (MpadukoH 4.L1.M.3).

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

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

1 uenasrpaga
whole building

2 Hajsehu geo 3rpage
major part of the building

3 Matbu Aeo 3rpage
minor part of the building

4 He nocToju
do not exist

5 Huje gedrHMcaHo
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.CM.3).

Natural gas was mostly used heating energy source,
with almost the same share as liquid fuels (heating oil),
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MHOVBMAYANHMX CMCTEMA LIeHTPaIHOr rpejarba. 3a pas-
JINKY Of LUKOJICKIX 3rpafja OBOr Nepunoaa, rae je ApBo Haj-
vewhe KopUWREHN eHepreHT, y NPeALWKONCKM yCTaHO-
Bama je 3acTyrybeH ceera 12% u Kopuctu ce y NoKanHum
cUcTeMMMA rpejarba KOA Marbikx objekaTta. Y cuctemmma
LEeHTPaNHoOr rpejarba Cy Haj3acTyMbeHUU eHepreHTu
NPUPOAHN rac 1 TeuHa ropvea. (MpadurkoH 4.L1.M.4)

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

LeHTPasHO 3a 3rpagy
centralized heating for building

LIeHTPASHO 3a HCTUTYLM]Y
centralized heating for institution

apyro
other

57

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

yras
coal

Aapyro
other

27

KOpWCHMUW CYy 1 HaJBMLWIOM, ann 1 HajHUXKOM oLle-
HOM MPOCYAUM O LEHTPANHOM rpejarby, bruno Aa notuue
13 COMCTBEHE KOTNapHWULIE MW M3 CUCTEMA AarbUHCKOT
rpejarba. MojaBa je BEPOBATHO Y3POKOBaHA HEOArOBa-
pajyRM CTeneHoM JfOKanHe KOHTPOMe UcCnopydeHe
TOM/IOTHe eHepruje, TO jeCT HUBOOM OfpaBarba CUCTe-
Ma [1,2]. (MpadukoH 4.L|.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 KOTMapHMLa
30 centralized heating for city block
. [albUHCKO rpejarbe
district heating
JIOKaIHO
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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AHanusnpajyhn yCNoB/bEHOCT KBanMTeTa rpejatba
kopuwherbem ofroBapajyher eHepreHTa, youasa ce fa
Cy KOPWCHWUM Haj3a[joBOSbHUjW yNoTpeboM npripo-
Hor raca. [lpBHa Maca Kao eHepreHT je Takohe noBosb-
HO OLEeH-EHa, 0K je ynoTpeba TeYHOT ropyiBa HajnoLvje
olerbeHa. (MpadukoH 4.L|.M.6)

lpadukoH 4.L1.M.5 Kopenauuja n3mehy cnctema rpejarba
1 OLleHe KOPUCHWMKA O KBANUTETY rpejakba y 3rpajama
NPeAWwKOoNCKMX ycTaHoBa 13 neproaa 1971-1990. roanHe

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 ocCHOBHOr eHepreHTa
3a rpejarbe 1 oLeHe KOPUCHMKA O KBaMTeTy rpejarba
Yy 3rpafiama NpefLwKoNCKyX yCTaHoBa 13 Neproaa

1971-1990. rogunHe .
80

9
70
60
50
40

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

AHanM3oM CTPyKType MOTPOWbE enekTpuyHe
eHepruje y 3rpagamva nNpepLwKonckux yCcTaHoBa W3-
rpabeHnm y nepuogy 1971-1990. roanHe moxe ce
3aK/byUnTV Aa ce HajBehn [eo enekTpuyHe eHep-
TMje KOpUCTK 3a OCBET/bEHE MPOCTOPMja U Npunpe-
My CaHMTapHe Tonne Bofe (kof 80% objekata). 3a fo-
Oujarbe TOMMOTHe eHepruje eneKTpUUHy eHeprujy
KOpKUCTW CBera 5% objekaTta, oK je oko 16% objekaTa
y NOTNYHOCTM 1N HajsehM Aenom KNMmaT30BaHo.

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.L1.E.T TunoBm ocBeT/bera 1 3aCTyn/beHOCT
y 3rpafiama npepLwKonCcKyX yCTaHoBa U3rpaheHmnx
y nepuopy 1971-1990. rognHe

. LED
LED 100 -
90 -
[ wrenbrse cujanuue ?8 :
n -efficient
energy-efficie 60
. 50
CvjaniUe Cayaperom Hutv o
incadescent 30
o 20
7yO LB 10
fluorescent e .

3rpaje NpefWKoNCKnX yCTaHoBa m3rpaheHe y nepu-
ofy 1971-1990. roaunHe, y Hajsehoj mepu, kopucTte Giyo
LIEBV KO M3BOP BELUTAYKOr OCBET/bEHbA. Y BENVMKOM O6pOjY
3rpaja je 1 farbe y ynoTpedu HKaeCLEHTO OCBET/bEHbE,
[OK Cy Wregybmee cnjanuue v LED pacseta 3actyrnbeHe
OrpaHuYeHo 1 CBefleHe Ha Makbe AienioBe objekTa.

MpoceuaH 6poj caTh pafa BeLTauKor OCBeT/behba 3a-
BMCW Of] TMMa NPeAWKOSICKe YCTaHOBE M CMEHCKOT paja.
Ha lpadukoHy 4.L1.E.2. youasa ce aa Hajsehu 6poj npepu-
KONCKMX yCTaHOBa (35%) BelwTauko OCBET/berHe KOPUCTH
3-6 catv gHeBHo. Ca Apyre cTpaHe, camo 9% yCTaHOBa KO-
PUCTV BEWTAYKO OCBET/bEHE Matbe Of 3 caTa. Ha ocHoBy
MPVIKYM/bEHNX NMOAATaKa MOXKeE Ce 3ak/by4nTy Aa ce y Npo-
CeyHoj NPefLKONCKOj YCTaHOBM 13 HaBeeHOr neprofa
BELTaYKko OCBETIbEHE KOPUCTU 6,5—7 CaTh IHEBHO.

lpadwkoH 4.L|.E.2. Bpeme kopuLherba BelWTauKOr OCBET/bEHba
y NPeALWKONCKAM yCTaHOBaMa v3rpahenum 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 uena3rpaga
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
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35
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AyTOMaTCKa KOHTPO/1a OCBeT/betba Ce BeOMa PEeTKO
cpehe Yy Npeawkonckmm yCtaHoBamMa 13 OBOI Nepunoa.
DOTOHAMOHCKM CUCTEM, MHCTaNMCcaHe cHare 2,8 kWp , Ha-
a3y Ceé Ha KPOBY jeAHe NpefLlKoCcKe yCTaHOBE.

MNepuon nocne 1991. roguHe

MpomeHa ApylTBEHOT Ypeherba, Kao 1 BENMKe MUr-
paumje CTaHOBHMLITBA HacTane Kao mocneavua pacna-
na COP Jyrocnasuje, obenexunne cy nepuoa nocne 1991,
roavHe. KpeTarbe CTaHOBHMLLTBA je BUNO yCMepeHo Ha
ypbaHe cpeaviHe, yelwhe HKxosy Nepudepujy. Ha oBrM
NpocTopMMa Ce rpaje MiaHCKa, any 1 HemmaHcka Ha-
cerba PenaTvBHO Make rycTuHe, WTO 33 pe3ynTaT 1ma
n3rpadkby Behnx 3rpaga NpPeAwKoNCKux yCTaHoBa a Yy
cknafy ca b6pojem fele Ha oapeheHoj Teputopujn. [o-
MWHaHTaH TWM, WU farbe, NPeAcTaBbajy Cpearbe 3rpage
(500-2.000 m?). NHTepecaHTHO je Aa w3rpafra Benw-
Kvx objekaTa NpeBaswnasun urpafry Marbhx, WTo je Ta-
Kohe nocneamua MexaH1JKor NpuanMea CTaHOBHULWTBA Y
rpajcke cpedvHe. Y 0BOM Mepuomdy je 13BplieHa 1 pe-
KOHCTpYyKUWja Beher 6poja objekaTta, Hajuelwhe 6e3 OuT-
Hujer yHanpehera TepMUUKMX KapakTepucTuKa, OCUMM
Ha NO3ULMj NPO30PCKKMX OTBOPA.

MpadukoH 4.1.1. 3acTyrn/beHOCT NPEALKONCKIX 3rpaaa
nepvofa nocne 1991. rogrHe npema sBenuunHm [%)
6,2

284

|/13rpa)1H>a HOBUX 3rpafda NpenwKOoNICKMNX yCTaHOBa Ca
acrekTa pa3y]:)8HOCTl/I r|0|<a3yje TPpeHA NMpoMeHe NprCTy-
Ma N MOHOBO Ce& Kao AOMWHaAHTHU jaBrbajy 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 (ao 500m?)
small (bellow 500 m?)

194

cpeptbe (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 3rpaga ce He MpakTukyje,
Beh ce npuMetbyjy penaTviBHO jeJHOCTaBHWja peLlerba
CBefeHOr apXMUTEKTOHCKOT je3nka. [1ojaBa cumnanduka-
Lmje 13pa3a je TOAMKO YecTa fa ce mocMaTparbem dopme
objeKTa 1 He MOXe 3aK/byUnTH O KakBOj ce HaMeHM paan.

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

Ob6jekTn Koju ce rpage y OBOM nepwogy Cy [OMU-
HaHTHO KOMMOHOBaHK Ha Ase eTaxe (1+1) WO oArosa-
pa PasfBOojeHOCTMN CTapPOCHMX Pyna, FAe Ce jacieHe rpy-
ne yrnaBHOM floLMpajy Ha NpBOM cnpaTy. Marsu 06jeKT
ce v farbe, y Hajgehoj Mepu, peanusyjy Kao nprsemMHi,
[OK je NojaBa BULLIEETaXKHMX 3rpaja Be3aHa 3a YCTaHOBe
BehvX NOBPLUMHA Y MPafCKUM CPeAVHaMA.

lpadukoH 4.[.3. 3aCTynsbeHOCT NPeAWKONCKMX 3rpaja
nepviofa 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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Kocu KpoB je 1 Aarbe HajAOMMHAHTHUjW TUM KPOBHE
KOHCTPYKLWje v 3aCTynsbeH je Ha BehnHu 3rpaga 6e3 ob-
31pa Ha FbKXoBY BennunHy. Kog Behrix 1 BENMMKIX yCTaHO-
Ba Ce youaBajy 1 [JefloBM Ca PaBHVIM KPOBOBMMA (KOMOW-
HOBaHW), ann y MarbOj MEPW HEro y NpeTxoaHOM Neproay
1y CKNagy je C NpoOMeHOM akTyenHe napagurve rpaberba.
Koa KybuuHmMx 3rpafa, M3rneAomM Kao fa Cy peanvsoBaHe
Ca paBHVIM KPOBOBMMAa, Hajuellhe ce npuMetbyjy KpoBHE
KOHCTPYKLWje bnarux Harrba cakpuseHe 13a Hasunaaka.

MpadukoH 4.[.4. 3acTyn/beHOCT NPEALIKONCKIX 3rpaja
nepuofa nocne 199. roanHe npema 1Ny Kposa (%]

1,6

Ca acnekTa maTepujanviaumnje KOHCTPYKTUBHMX 3W-
[l0Ba YOUaBaMO MPETEXHY YNOoTpedy MacKBHUX KOH-
CTPYKUMja, Y3 Kopuherse GIOKOBa PasnnumTx Gop-
MaTa Kao OCHOBHOI MaTepwjana 3a 3uaarbe. Oneka ce 1
Jlarbe KOPWCTH, Y BENWKOj Mepw, Hajuewhe koa 3rpaja
MarbMX MOBPLUVHA.

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

3uaa [%] 04

31

42,2

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

|
[
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other
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AHanv3om NpoLeHTyanHe 3acTynbeHOCTV NPo30p-
CKMX OTBOpPA Y OKBMPY GacafiHOr naaTHa MOXEeMO KOH-
CTaTOBaTV [1a je NPOMeHa JOMMHAHTHOT apXUTEKTOHCKOT
13pasa yCnoswuna 1 NpomeHy TpetMaHa dpacagHor nnat-
Ha. M narbe npeosnahyje ynotpeba BeNnKMX MPO30PCKIX
OTBOPA, Mafja He Tako YMa/bMBO Kao Y MPETXOAHOM ne-
proay. [NprimeHa NPO30PCKNX TPaka ce Moako HanyLiTa,
a MOHOBO Ce ynoTpebsbaBajy NojeArHauHK MPO30PCKN
OTBOPW Koju UnHe Makbe of 50% noBpwuHe dacaje.

lpadukoH 4.[0.6. 3aCTynbeHOCT NPeALKONCKMX 3rpaa
nepuoga nocne 1991. roguHe npema T1ny Npo30PCKMX
otBopa [%]

Y nepuoay nocne 1991. rogune ynotpeba PVC npo-
30pCKMX Npodurna npeornahyje, y3 CNOpPaanyHy nprime-
Hy OPBEHNX 1 anyMUHW)YMCKMX Npo3opa. [loyeTak nepu-
ofla je obenexeH PasHOBPCHWjOM MaTepujanu3aLmnjom
NPO30PCKNX OTBOPA, A0K Ce Y MOCNeAHe Bpeme VCKIby-
ymBo kopucte PVC npodunn, Kako Ha MarbyM, Tako 1 Ha
Behrm dacagHUM NoBpLLIMHAMA.

lpadukoH 4.[0.7. MaTepujan npo3opa NpeawKoncK1x 3rpaja
3a nepwvioa nocne 1991. roanHe (3rpaaa y y30pKy, BULECTPYKM

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 4.0.7. Window materials in preschool buildings in the
period after 1991 (buildings in sample, multiple choice)
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3rpaje NpefWKOCKMX YCTaHOBA Y KapakTeprncTUUHMM neprioanma rpagre Kindergartens in Characteristic Periods of Construction

TypbyneHTHO CTarbe Ha rpabeBMHCKOM TPXULUTY,
Koje KapaKkTepulle HefoCTaTak KOHTPONE 1 KasHeHe no-
NUTUKE, YCNOBWUMO je CKPOMHY yroTpeby Tepmonsona-
LMOHMX MaTepujana y cacTaBy GpacafHux 3MgoBa — cBera
42%. Kao 1y cryyajy LWKOMCKMX 3rpaja, 1 OBe je uyec-
Ta MojaBa PEeKOHCTPYKLMja Marbkx objekaTa peann3osa-
Ha Yy OPUIMHANHOM KOHCTPYKTMBHOM CKJIOMY, Y3 Heomn-
XO[JHa KOHCTPYKTMBHA M TEXHUYKO-TEXHOMOLWKA, ann He
M TepMUUKa yHanpeherba, ocim Ha nosvumjn dacagHe
cTonapuvje.

MpadukoH 4.[.8. 3aCTyn/beHOCT TePMOM30NALMOHOT Cloja y
OKBUMPY hacafH1x 310Ba NPEALKONCKMX objeKaTa 3a nepuog
nocne 1991. roanxe [%)]

TepmoTexHMUKe UHCTanauunje

OnpemrbeHOCT 3rpaja MPeALKONICKMX YCTaHOBa MH-
CTanaymjama rpejarba, BeHTUNaUMje, Kavmatmsaumje wm
npvnpeme NOTPOLLUHE Tonne BoAe y nepuody nocne 1991.
FOAMHE je CIYHA PaHMjM NEPUOLVIMA W KapaKTepULLy je
rOTOBO WAEHTUYHE BpeaHOCTY. (MpadukoH 4.1.M.1)

CBM 00jeKTV NpeaLIKONCKKX YCTaHOBa Cy onpemsbe-
HW MHCTanaunjama rpejarba Koje 3arpesajy Leny 3rpa-
[y UK HeH Hajsenn Aeo. 3a pasnuvky of paHujux nepu-
ofia, rotoBo TpehuHa BpTrha je onpemsbeHa cuctemMmnma
KnMmaTm3auvje, a Yewha je 1 ynotpeba cucTema BEHTU-
naupje. LleHTpanHa npunpema caHWTapHe Tonne Bofe
(ITB) je npwvmeTHa, Mafa je ynoTpeba eneKkTpUUHMX
60jnepa joul yBeK JOMUHAHTHA.

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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padukoH 4.4.M.1. 3aCTyn/beHOCT TEPMOTEXHNUKIX Figure 4.D.M.1 Distribution of HVAC and DHW systems in
MHCTanauvja n npunpeme MTB y 3rpagama npefwKonckmx preschool buildings built in the period after 1991
yCTaHoBa 13rpaheHrm y neprody nocne 1991. rognHe

Lena 3rpaja
whole building

. rpejarbe
heating

2 Hajsehu geo 3rpage

[ ] BEHTVUNaUMja
major part of the building

ventilation

3 Matbh Aeo 3rpage

. KnMmaTmnsaumja
minor part of the building

air conditioning

npunpema MTB 4 He nocToju

DHW do not exist
5 Huje geduHMCaHO
N/A
Benukn 6poj BpTrha (npeko 60%) je onpemsbeH ca- A large number of preschool facilities (over 60%)

BPEMEHUM MHCTanaumjama rpejarba, He ctapujum o 10 were equipped with heating systems that were not more
rofiHa, Tako [ia je cTeneH uckopuwheHocTn eHepreHa-  than 10 years old so that their efficiency was significantly
Ta 3HaTHO BULWWM Hero y BpTMhUMa 13 paHunjux nepuogda  higher than in buildings built in the earlier periods.
n3rpagme.

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

no 10 roanHa
below 10 years

10-20 rognHa
10-20 years

20-30 years

[ |
[ |
. 20-30 rogmHa
[ |

npeko 30 rognHa
over 30 years

Y 3rpafama NpeLIKONCKMX 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 KOTMAPHULOM v 13 cuc-  on the premises or connected to the district heating sys-
Tema fJasbUHCKOT rpejarba. (MpadukoH 4.10.M.3) tem (Figure 4.D.M.3).



3rpaje NpefWKOCKMX YCTaHOBA Y KapakTeprncTUUHMM neprioanma rpagre Kindergartens in Characteristic Periods of Construction

MprpoaHn rac je JOMWHAHTHW eHepreHT y ynoTpe-
6v, jep ce NnonosrHa BPTHNa rpeje HeroBUM ANPEKTHUM
WAV MHAVPEKTHUM Kopuwherbem. To je 1 pasymrbiBo, C
00631POM Ha BEVKM YAEO CCTeMa LIEHTPAHOT rpejarba
13 COMNCTBEHE KOTNapHMLE MW 13 TONAaHe KOMyHanHor
anctpubyTtepa tonnote. (MpadrkoH 4.[1.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

MpadmkoH 4.1.M.4 3acTynibeHOCT OCHOBHOT eHepreHTa 3a
rpejarbe y 3rpafama NPeALLKONCKMX YCTaHOBa 13 Neprnoga
nocne 1991. rogunHe [%]

yramn
coal

apyro
other

KopuncHUUW Cy Haj3aA0BOSbHUjU LEeHTPaNHKM rpeja-
roem (brno Aa NoTnYe 13 CONCTBEHE KOTNApHULIE UK 13
cUcTeMa JarbUHCKOT rpejatba). Oxpabpyje unkbeHnLa fa
Manv 6poj KOPUCHKKa CBOje rpejarbe oLletbyje HeA0BOSb-
HO [OOPO, OAHOCHO AenUMMYHO 3af0BosbaBajyhe. (Mpa-
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 KOTNapHM1La
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

npUpoaHN rac
natural gas

TeYHa ropviga (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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[MpVPOAHNM rac je eHepreHT KOjM Cy KOPUCHULIL Haj- Considering the correlation between the main ener-
3310BOSBbHMI, Y3uMajyh y 063up oaHocC n3mehy kBanmn- gy source and the evaluation of the heating quality, the
TeTa rpejarba U KOpULINEHOT eHepreHTa, AOK Cy enek-  users were most satisfied with natural gas and least satis-
TPUYHOM eHeprujom ¥ [pBETOM HajMarbe 33aaoBosbHM.  fled with electricity and wood (Figure 4.D.M.6).
(MpadukoH 4..M.6)

lpadwkoH 4.4.M.5 Kopenauuja namehy crctema rpejarba Figure 4.D.M.5 Correlation between the heating system and
1 OLleHe KOPUCHWKa O KBaNWTETY rpejarba Y 3rpafjama 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..M.6 Kopenaunja n3mehy oCHOBHOr eHepreHTa 3a
rpejarbe 1 oLeHe KOPUCHMKA O KBANIMTETY rpejarba y 3rpagama
NPeALKONCKMX YCTaHOBa 13 neproda nocne 1991. rognHe

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 MHCTanauuje

AHanM3oM CTPYKType NOTPOLLE eNeKTpUYHe eHepruje y
3rpafama NpefwKoCKyX yCTaHoBa M3rpaheHux y nepu-
opy nocne 1991. rogrHe MoXe Ce 3aKk/byunTu fja Ce, Kao n
KO NpefLIKONCKMX YCTaHOBA M3rpaheHunx y paHujum ne-
proaMMa, HajBehn 1eo enekTpuyHe eHeprije KOPUCTK 3a
OCBeT/berbe MPOCTOpMja M MPUMPEMY CaHUTapHe Tomnme
Bofle (kof 69% objekarta). 3a foOKjarbe TOMJIOTHe eHep-
rvje enekTpuUHy eHeprujy koprctn 12,5% objekata, oK je
uak 33% objeKkTa y NOTNYHOCTM MAK HajBehrm Aenom k-
MaT130BaHO, LUTO je 1 OYEKMBAHO 3a CaBPEMEHE 3rpaje.

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 Tnosm ocBeT/berba 1 3aCTyN/bEHOCT Y
3rpafama NpeaLKoNCKMX yCTaHoBa M3rpaheHux y nepuomy
nocne 1991. rognHe

. LED
LED 100 -~
Q0 -
[ wreanuse cnjanuue 38
n -efficient
energy-efficie 60
. 50
CUjanuLe ca yxapeHoM HUTH 40
incadescent 30 ] A
20 o
bnyo Lesm 10
fluorescent 0 ‘.

3rpane NpefwKoNCKMX ycTaHoBa M3rpaheHe y nepu-
ofly HakoH 1991. roavHe y Hajsehoj Mepu KopucTe Giyo
LIeBM Kao M3BOP BeLUTAYKOr OCBET/beHA. Takohe, y 3HaT-
Hom 6pojy objekaTa je v farbe y ynoTpebn nHKagecueH-
TO OCBET/bEHE, aK je NPUMETHa ¥ TeHAeHUMja ynoTpebe
wreambmBmx crjanmua u LED paceeTe. (TpadwmkoH 4.10.E.1.)

MpoceuaH 6poj caT pafja BELITAYKOr OCBET/bEHA 3a-
BMCW Off TVNa NPeALIKONCKe YCTaHOBE M CMEHCKOT pafa.
MoadwvkoH 4.[1.E.2. nokasyje fa Hajeehn 6poj 3rpaaa npeaL-
KOMCKMX YCTaHOBa (449%) BelUTauko OCBET/beHe KOPUCTU
BMLLIE Of 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-
Ofly, BeLTauko OCBET/bEHE KOPUCTI 7,5-8 caTui IHEBHO.
Cnvika 4.[0.E.2. Bpeme kopuwherba BeWTaykor OCBET/berba

Y 3rpafama NPeaLKONCKIX YCTaHOBa 13rpaheHrM y neproay
nocne 1991. rognHe

44

Y 3rpafjama MpeALKOsCKMX YCTaHoBa M3rpaheHux
nocne 1991. roarHe 13y3eTHO PETKO je y ynoTpebu ayTo-
MaTCKa KOHTPOMa OCBET/betba. Ha aHanmmpaHoM 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
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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.E2 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 EMUACWIE YITbEH-ANOKCHOA
YHATPEBEHEM 3IPAJA MPEALKONCKNX
YCTAHOBA (BPTURA)

Mpema TpeHyTHO Baxehoj perynatvemn 13 obnactu
eHepreTcke edMKACHOCTM 3rpafia, CMaTpa Ce Aa je eHep-
reTcka edmkacHoCT 3rpafie NobosbliiaHa YKOMMKO je 3a-
[pKaH (ako ofjroBapa Nponu1crma 1 3agaTiM yCnoBrma)
WAV NOAMUTHYT HMBO KOMOPA Y3 CMarberbe MoTpebHe
eHepruje 3a rpejarbe. [NpaBUaAHNLM KOjU Cy CTYnUAM Ha
cHary 2012. rogunHe'® y Cpbujn npeasubajy aa ce ceptu-
dU1Kalmja 3rpaja BpLUM CaMO Ha OCHOBY MOTpebHe eHep-
rvje 3a rpejarbe. OcTanu obnmum eHepruije Koja ce TpoLwm
Yy 3rpafama, Kao LITO je eHepruja 3a KanMmMaTtrauujy, BeH-
Tnaunjy, H1cy obyxsahenu. lpopayyHu NoTpebHe enex-
TpUYHe eHepruje, Kao 1 eHepruje 3a NpUnNpemy CaHu-
TapHe Tom/e Bofe ypaheHu Cy, y CKnafly ca nponucuma,
npema TabenapHWm BpeaHoCTMMa: KopulwheHa je Bpea-
HOCT NoTpebHe eHepruje 3a AaTe HaMeHe NO KBaPaTHOM
MeTpy rpejaHe MoBpLUMHE. Y NPEeTXOAHVM NornaebrimMa
je n3BpLIeH 13060p 3rpafa Koje Cy penpeseHTn aobuje-
HVIX MOAENCKMX 3rpafja Npov3allinx 13 Knactep aHanw-
3e. Tako cy AedUHUCaHN Pa3NUMTL HUBOW yHanpeherba
1 TO 3a enemeHTe:

« TepMUYKM OMOTay
« TepMOTEXHNYKK CUCTEMU U
«  eNekTpoeHepreTCKy cucTemmu

Takohe, Kao BeoMa 3Ha4yajHO Mepuio yHanpehersa
KBanvTeTa 3rpaje, npopadyHaTe Cy 1 eMucuje yribeH-au-
okcmaa byayhin aa ce oBaj napameTap y CTPYYHOj nuTepa-
Typu cBe Yelhe KOPUCTU Kao MepUIo BpeaHOCTU rpahe-
BuHCKor  doHaa (ArmatoBuh, hykosuh Wirrbatosuh,
JosaHosuh [lonoswh, 2017). AHanu3vpaH je v yTuuaj
CMarberba emumcuje YribeH-AMoKCMAa NPUMEHOM OBHO-
B/bUBUX 13BOPa eHepruje (boxuh, LiBeTkoBumh, Knekos-
nh, 2015). 3Havaj emmnCHje yribeH- AMOKCKAR, Kao Mepuna

¥ TpaBUIHNK O eHepreTckoj edrKkacHOCTM 3rpada 1 MNpaBuiHK
0 YCNOBMMA, CAAPXMHM 1 HaUMHY 13haBatba cepTruduKaTa

0 eHepreTcKkMmM 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 edukac-
HOCTK, U3y3eTHO je BaxkaH Oyayhu fa je emucuja yribeH-
AMOKCMIA OrpaHuueHa 3a CBaky 3em/by MoHaocob ca
NPOMNMCaHNM POKOBKIMA 33 CMakbetbe OBe emmncuje Mehy-
HapOoAHMM crnopasymmma.'”

MpopauyHn noTpebHe eHeprvje cy pabeHn 3a
noctojehe ctarbe 3rpaje, kao 1 Tpy HKBOA yHanpeherba
Ha OCHOBY MPVKYT/bEHe TeXHWUKe JOKyMeHTauwje. Mehy-
TVM, 33 MpOpadyHe yKynHe noTpebHe eHepruje Ha HUBOY
Cpbuje kopuiwhenn cy nospwmnHe 1 6poj BpTnha aobuje-
HV MeTOZIOM KfacTep aHanm3e” oAHOCHO Ha OCHOBY YC-
BOjeHMX MofaTaka 3aBOAa 3a CTaTUCTUKY. Tpeba Hamo-
MEHYTV [ia je npumMerbeHa MeTofonorvja aeduHKCaHa
BaxkeNoOM perynatvBom, anv je 3a npeumsHuje nopatke
Moryhe KopucTUT1 1 AeTasbHe cumMynaupje. Mopes KoH-
BEHLIMOHANHMX METOAA MPopaydyHa Koje y3umajy y 0b3mnp
CBe AeTalbHe KapaKTepuCTUKe 3rpafa 1 cUCTema, Mory ce
MPUMEHUTY Y MOLIENW KOjW MPUMEHsYjy MeTOAe BellTauke
MHTENUreHUmje, anv 3axTeBajy BENKY KOMMUYMHY MepPEeHMX
YNa3HWX 1 1U3M1a3H1X BenuumHa (JosaHosmh, CpeTeHosuN,
Kuskosuh, 2015, 2016; JosaHosuh, Cpeterosuh, 2015).

Y Tabenu 5.1. gate cy uW3padyHaTe BpPeaHOCTU ro-
AWlWHe NOTpebHe, CNopyYeHe 1 NPUMapHe eHepriuje 3a
rpejaree 1 npunpemy CTBy TMRMYHMM BpTUAKMA, a Npo-
WwrpeHe 3a cee BpTvhe y Cpbuju rpynmcaHe cy no Knac-
Tepuma y noctojehem cTamy. Tpeba nctahm fa ce y Be-
nvKom Bpojy cnydajesa nocTojehe cTarbe 3rpafa BpTvha
pa3nukyje of NpojekToBaHor. Havme, 3rpage rpaheHe y
PaHWjUM NeprioArMa HIUCY UMane UHCTan1caHe cructeme
3a rpejarbe UK npunpemy Torse BOAE; OB CUCTEMM CY
yBelleHN HakHa[JHO MPUIYKOM OOHOBE WM MpeHameHe
3rpaga. Mpw NpopadyHy eHepruje 3a rpejarbe, Oyayhu aa

19 Kjomo npomokor je yceojeH y KjoTy, JanaH 1997. roamHe.
[MpoTokon obagesyje MHAYCTPWjanM30BaHe 3emrbe fa
CTabunusyjy emmncujy racosa ca epeKTom CTakneHe balute

Ha ocHoBy Hayena KoHeeHumje. Cpbuja je patudukoBasna
lpomokon y jaHyapy 2008. roavHe.
http://unfccc.int/kyoto_protocol/items/2830.php

0 [leTarbHO Objalltbere CTaTUCTUUKOT MeTOAA KnacTep
aHanm3se CNPoBeAeHOr Ha NPeaAMETHOM Y30PKY 3rpaja Hanasm
ce y: Krbura 1 32pade wKonckux U NpeoLKOICKUX YCMAaHo8a —
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¢, Sretenovic,
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

9The 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://unfccc.int/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 Lene Cpbuje, KopuwheHn eHep-
FEHTU HICY Y3€TI NPpemMa KapaKTepurcTKama TUMCKOT Bp-
Tvha y Knactepy, Beh cy ogpeheHn 3a Tou AOMMHAHTHA
cuUcTeMa 3a rpejarbe AobrjeHa 06palom aHKeTa O UHCTa-
NINCAHOM CUCTEMY U KOPULWNEHOM OCHOBHOM eHepreHTy
3a CBakM KnacTep. [lobunjeHu pe3ynTaTv fajy BUCOKe Bpea-
HOCTY, jep je 3aHeMapeHa YnMkbeHULA [la Ce NMOoHeKaa He
rpeje uena noBpwwHa 3rpage BpTvha, Kao 1 Aa NocToju
npekua y 3arpeBarsy (HONY, BUKEHAOM, MPasHULIMMA).

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
NpaBuIVMa CPMCKOT je3nKa.

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

Tabena 5.1. YKynHo noTtpebHa, McnopyyeHa 1 npumapHa
eHepruja, Kao 1 emmncuja yribeH-Anokcmaa cavx sptuhay
Cpbuijn 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
= =
Q. Q.
qI) > qIJ © —~ © o~
332 |8 3z |&F g S s
© T2 T > I 5 s pae)
6p0) 2 SESE |8 _5= |8fo § 5 |23
38 3L oc 0S5 5 o x 9= T T Y e
knactep | BpTuha 3¢ B0 5529 |§ €gg s £ |28
cluster number o = cfisgg |ECZ 5 |Sz=<E 3 2 |
. o 2 o =20 Sy O o 5 = © & = © 5
ofkinder- | £ 5 = £8=s |EFZ =S |Ea2 9 |E=z_ 2 |E=-
S FE 8 SE 8- sSYU S = SO s v S S¢S E >3
gartens 1 £°¢ 9 £goo |E£38c (£§8§ |[f£ECE |£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
a3 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
YRYMHO
TOTAL 2.591 2.633.014 477,51 26,33 617,59 732,44 210.941

MpBo yHanpeherbe 0byxBaTa camo NobosblLIakbe Tep-
MMYKOF OMOTaya 3rpafe, 40K Cy TWM rpejakba M OCHOB-
HW eHepreHT 3afipXKaHn Kao y noctojehem cTarby, Na je
y Tabenu 5.2. npukasaHa yKynHo notpebHa, McnopydeHa
N NPUMapHa eHepruja, Kao n emucuja yribeH-Auokcnaa

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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ceux BpTvha y Cpbuju no Knacteprma 3a 0Bako npojek-
TOBaH NakeT Mepa. popaudyHu cy ypaheHn 3a Tpu Haj-
yewhe NprMereHa c1cTema 3a rpejakbe, 4odujeHn ob-
PaJloM aHKeTa O MHCTaNMCaHOM CUCTeMy U KopuwheHoM
OCHOBHOM eHepreHTy 3a CBakW KnacTep, a He mnpema
TEXHNYKOJ AOKYMEHTaLM|U 1 CTBAPHOM CTatby ofabpaHe
penpeseHTaTVBHe 3rpaje.

Tabena 5.2. YKynHo notpebHa, ucnopydeHa 1 npumapHa

eHepruja, Kao 1 emmncyja yribeH-anokcuaa ceux spTnha y
Cpbujn No KnacTeprma 3a apXUTEKTOHCKO-TPaheBUHCKO

yHanpebherbe 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

Kid kil
= =
[oR [oR
E ¢ © —~ © o
e3 2 e = 5 Z B O <
. © IS c= T o Z 3 S . < 2
0poj I ©592 |9 _2% |20 ¢ 5 |T5
© 8 oc |8558 |o50= d © |QF¢€
Knacrep BpTMha 3 g 530 [5529 |6 &gg p I $6
cluster number S5 c £ g |E€F o5 |So=E 5§ < oo
®cc Poc ¥ P @ ° =S E ?c © 20
ofkinder- | £ 5 = 8-S |EF==S |Ea2Q9 |Ez=-8 |E=
sSEC Sces |Suss |Sezo0 |[SE=E |5¢
gartens | €2 9 £®og |£30¢ (£32§5 |[£E825 |¥8
m?] [GWh/a] [GWh/a] [GWh/a] [GWh/a] [tCO/al
Al 236 38.704 563 0,39 798 8,56 3.046
A2 100 55.000 7,72 0,55 9,45 13,11 4220
B1 184 49.680 8,82 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
@l 323 58.140 10,27 0,58 12,70 18,14 6.244
Q 897 1.089.855 145,50 10,90 190,51 231,62 60.386
c3 309 684.435 95,89 6,84 12943 164,71 49476
D2 187 187.000 11,26 1,87 1544 17,80 5.251
D3 110 253.000 13,26 2,53 18,22 23,89 7.043
YKYMHO
TOTAL 2.591 2633014 330,35 26,33 436,06 527,86 156.448

[edunHurcann apyru clieHapro yHanpeherba 0byxBa-
Ta BPJ1I0 OOVMHY OOHOBY TEPMUYKOT OMOTaua 3rpajie y of-
HOCY Ha nocTojehe CTatbe, Kafia Cy apXUTEKTOHCKE Mepe
06HOBE Y MUTakby, WTO je BUA/BMBO M3 OAHOCa NoTpeb-
HVX eHepruja 3a rpejare (196,43/477,51 = 0,41). Y Be3n
Ca cucTeMoMm rpejarba NpeauheHo je kopuwhere 6ro-
Mace, cem Kafa y BpTURy NocTojn MHCTaNMCaHo LeHTpan-
HO rpejarbe ca racHUM KOTIIOM 1K je BpTUh nose3aH Ha
CMCTEM Aa/bUHCKOT rpejatba, MK Yemy je y TOnaaHn npun-
POAHM rac OCHOBHO ropuBO. PauyHcKe BpefHOCTM pas-
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



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

1 npunpemy CTB, Kao 1 eMucCHje YribeH-AVOKCUA], NPW-
KazaHe cy y Tabenu 5.3. Mo Knactepuma v yKymnHo 3a cse
BpTWhe y Cpbuju.

Tabena 5.3. YkynHo notpebHa, McrnopyyeHa 1 npumapHa
eHepruja, Kao 1 emncyja yribeH-anokcuaa carx sptuhay
Cpbuijn No KNacTeprma 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHUYKO YHanpeherbe 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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cluster number 8 cfcs |ECFT 5 |Sm=E 5 Y |84
) o 2 2 o =L D omny D o 58 = © o Z ° 5
ofkinder- | £ 5 = £ 5 |ZFZ2 5 |20 |E=z_2 |2=Z
SE S Ste2g |2YBg5 2229 SssE S
gartens | £ 99 £®09 |£30¢ |£52G |L£28c5 |£8
[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 7,11 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 17 140.400 991 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 2.633.014 196,43 26,33 276,55 242,97 72.973

Tpehn HMBO yHanpehera je HajOOUMHU}N 1 HajKOM-
nnekcHujK. Kaga cy y nuTarby TepMOTEXHMWYKe WHCTa-
naumje, npeasuheHa je 3ameHa CBUX MNOCTOjeRnX U3-
BOpa TOMOTE; MNaHUPaHO je Kopuwherse TOMMOTHUX
nymnu Basayx/sofa. (Tabena 5.4.). Mpn oBomM cTeneHy
yHanpeherba 3rpada BpTuha, caHWTapHa Tonna Bofa ce
npUMapHO Npunpema Kopuihersem cnucTema ca npujem-
HYLMMa CyHUYeBe eHepruje, a Kafja je CyHUYeBO 3paverbe
HefoBO/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-anoKcvaa ceux Bptnha y
Cpbuju No KnacTeprima 3a apXMTEKTOHCKO-TPaNeBMHCKO 1
TEPMOTEXHMUKO yHanpeherbe 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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[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 1,36 340 1.802
(@ 897 1.089.855 54,17 10,90 22,58 56,46 29.924
a3 309 684.435 31,69 6,84 13,38 33,44 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 2591 2.633.014 130,75 26,33 54,52 136,31 72.243

AKO noTpebHa eHeprunja 3a rpejarbe CcBux BpTuha y
Cpbujn npepctasba 100%, (pe3yntatv U3 NPETXOAHVIX
Tabena objeaunrbeny cy y MpadukoHy 5.1.) npruMeHoMm ap-
XUTEKTOHCKMX U TEPMOTEXHUUYKMX Mepa yHanpeherba
EHepreTCKMX KapakTepUCTVKa 3rpafie Mory ce noctvhn
cnepehe ywrepe: yHanpeberbem 1 ywTega of 31%,
yHanpehersem 2 ywTtena of 59% , OfHOCHO 73% 3a
yHanpeherbe 3. AKO Ce nocmaTtpa YKymHO MoTpeo-
Ha eHepruja 3a rpejarbe CBUX Wkona v npunpemy CTB
Y tbUMa, OHAa cy Moryhe ywTteae HelwTo Marbe: 29% 3a
yHanpeheroe 1, 56% 3a yHanpeherbe 2 11 69% 3a HajBu-
WK HMBO NpeABMheHe TepMmuyKe 3alTUTe 1 Kopulwherse
TOMOTHMX MYMMNK Ba3ayx/Boja.

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.



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

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 (McnopyyeHa) eHepruija 3a rpejarbe
n npunpemy CTB y csum Bptuhuma y Cpbuju, nopef
Mepa yHanpeherba TepMMUKOr OMOTaYa, y3uma y 003up
N KapaKTepUCTUKE TEPMOTEXHUYKMX c1McTemMa Y BPTURAK-
ma (fpadurkoH 5.2), kao cBeobyxBaTHWjer ceTa pacro-
NOXMBMX Mepa yHanpehersa eHepreTcke eprkacHOCTM
y eHepreTmum 1 3rpafapcTay, Y UMby OUyBarba XMUBOT-
He cpeanHe (MKmekosuwh, JaHkec, Hosakosuh, 2013).
Ako ce noctojeha roavha KonuuMHa GrHanHe eHep-
rvje o3Haum ca 100%, oHAa ce yHanpeherbem 1 Moxe
noctrhn ywtena on 29%, yHanpeherem 2 of 55%, a
yHanpeherbem 3 uak 91%, jep ce npenasun Ha rpejarbe
TOMIOTHUM MyMMAama Ymj Cy KOMMPeCcopu MOrorseHu
eneKTPOMOTOPUMA.

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

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

3a nocTojehe cTarbe 3rpafa NPeAWKONCKMX YCTaHOBR,
Kao 1 3a TpW MOAENa HUXOBOT eHepreTcKor yHanpehersa
aHanM3MpaH je ofHOC MoTpebHe MpuMapHe eHepruje
1 eHeprvje 3a nNpunpemy caHwTapHe Tonne sofge (Mpa-
¢duvkoH 5.3). OunrneaHo je aa cy ywTefe ymepeHuje (Ha-
pouMTO 33 yHanpeherbe 3), WTO Ce Tymaum BeMKOM
BpeaHowhy koeduumjeHTa TpaHchopmauvje oduHanHe
eneKTpuYHe eHepruje y NpumapHy eHeprujy, a nocneau-
Ua je BeNMKOT yaena TepMoeneKTpaHa Ha IMFHUT y yKyn-
HOJj NPOW3BOAHW enekTpryHe eHepruje 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 919% 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, NpeasmuheH

HajoBVMHUjM YHanpeherbeMm 3, KOPUCTH Ce eNeKTPUYIHA
eHepryja. To je rNaBHW pasnor 3alTo bu em1cKHja yribeH-
avokcuaa buna npubnnmxkHO jeaHaka Yy BapujaHTama
yHanpehetba 2 1 3 (TpadurkoH 5.4), umajyhun y Buay aa je
noTPOLHba GMHANHE eHeprje 3a yHanpeherbe 2 Oko neT
nyTa Beha Hero 3a yHanpeherbe 3, a NOTpOLLHba NpUMap-
He eHepruje CKOpo ABa NyTa Beha.

MpaduKoH 5.4. Emncuja yriven-arokenpa [t CO,/a]

noctojehe cTarwe existing condition
yHanpeherbe 1T improvement 1
yHanpeherbe 2 improvement 2
yHanpeherbe 3 improvement 3
CnnyHe aHanuze obaBfbeHe Cy M 3a KBaHTUOMKaA-
UWjy No3uTMBHUX edekaTa yHanpebherba enekTpuyHMX
MHCTanauwja y sptrvhnma. 3a CBakK TMN 1 NOATUN je 13-
BPLIEH NpopaYyH HeOMXof4He MpUMapHe eHepruje, Kao
1 emmncuje yrmbeH-arokcnaa. Y Tabenu 5.5. npurkasare cy
BPEAHOCTN FoAuLLFbE NOTPEOHE enekTpuYHe 1 Nprmap-
He eHepruje, Kao 1 emncuje YIibeH-AMOKCMAA 3a OCBe-
Tbehe BPTUNa Npema KnacteprmMa 3a noctojehe crarbe.
Tpeba HanoMeHyTV fla OCBET/beHE HIje Yy OBOj aHanM3m
KopuLheHo Kao NapameTap 3a KapakTepu3sauujy y Knac-
Tep aHann3K, Tako Aa ce 'y OKBUPY UCTe KaTeropuje Mory
MMaTV 3HaYajHO paznnymTe cneyndryHe rogmilHe Not-
POlWHEe eneKkTpUYHEe eHepruje 3a ocBeT/berbe 3001 KO-
puwhera PasanyMTUX TUMNOBA OCBET/bEHA W Pa3Nu-
YUTOr MPOCEYHOr [HEBHOr TPajakba pafja OCBET/betba.
MpopauyHW NpwrKkaszaHu y Tabenu 5.5 cy BpWeHN Ha OC-
HOBY MPOCEYHOr TWMa OCBET/bEHA M MPOCEeYHOr Bpe-
MeHa Tpajakba YK/byUYeHOCTN OCBET/bEHba 33 CBaKY Ka-
Teropujy spTtuha. Takohe, Tpeba HanomeHyTV Aa ce, Ha
OCHOBY MPUWIKYM/beHVX NodaTtaka O YKYMHOj NOTPOLLHN
eneKTpUYHe eHepruje 3a aHanvsMpaHu 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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3aKIbyUMTL @ Y BENIMKOM OPOjy MPeaLWKONCKyX objekaTa
KBaNMTET OCBET/bEHA HE 33[]0BOSba CTaHAAPAE O MUHW-
MaSTHOM 3aXTeBAHOM HIBOY OCBET/bEHOCTU NPOCTOPUja Y
OBakBVIM O6jeKTUMa. Y aHanv3ama Koje criefie pasmaTtpa-
Ho je yHanpeherbe nocTojeher cTakba, Kako Ou ce carefia-
NW penaTueHu edekTn yHanpeherba eHepreTcke edukac-
HOCTM OCBET/bEHA.

Tabena 5.5. YKynHa noTpebHa v npumapHa eHepruja, kao 1
emncuja yribeH-anokcaa ceux sptrha 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
¥ < -
] =2 S o
- T 2| & S8
6poj L. gy 2 ¢ 5 |T3
Knactep BpTvNha 2 9.(; Cg aé 5@ pd % é GEJ
cluster number o § g c Eﬁ %8 o § = 28“
ofkinder- | £ 5 = o= Z=_20 =
S e © S 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 49.680 042 1,40 461
B2a 128 76.800 0,65 2,16 712
B2b 117 140.400 1,20 3,96 1.302
@ 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. npuKaszaHe Cy BpPeAHOCTU rofuiirbe
noTpebHe ¥ NpUMapHe eHepruje, Kao 1 eMUCHja YITbeH-
OMOKCMAA TpynvcaHe Mo KnacTepyMa HakoH Mpu-
MeHe yHanpeherba 1 33 eNeKTpuuHe UKHCTanauvje.
YHanpeherbe 1 0byxBaTa 3ameHy noctojeher ocBeT/bera
LED ocseTrberbem. [popadyHu npukasanHu y Tabenn 5.6
Cy BPLWEHM Ha OCHOBY MPOCEYHOr Tina noctojeher oc-
BeT/beHba M NMPOCEYHOr BPEMEHa Tpajatba YK/by4YeHOCTH
OCBET/bEHA 33 CBaKy KaTeropujy Bptrha. C 0631pom
[la Ce y OKBWPY jedHe KaTeropwje Mory mmatu BpTuhu
Ca PasnuMTM OCBET/beHEM, 3a NpopadyHe edekaTa
yHanpeherba 3a KOHKpeTHe objekTe BPTMha NoTpebHO

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 npwbasutn MHdopmaumje o Tuny noctojeher ocge-
T/berba ¥ AYXKMHW Tpajakba Paja 3a NpoceyaH AaH v Ha
OCHOBY HbMX U3BPLUTU MpopadyHe edekaTa yHanpeherba.

Tabena 5.6. YkynHa notpebHa v npvmapHa eHeprija 3a
OCBET/bEME, KA0 1 eMI1CHja YribeH-AnoKcmaa cemx BpTuha
y Cpbujn no KnacTeprma HakoH nNpumMeHe 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
=
Q.
¢ © “
o o
= 5| & _ |95
© =
6p0) . |8y 2| 2 5 |52
Knactep | Bptuha 3¢ % g 55 v 2 3 £
cluster number 3 EE Lo I 2 |y
} RE C ool 2o 5 20O
ofkinder- | £ 5 = o= |E=z_2 |E=2
S E O S0 8 = SN g SN
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
1 323 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 0,66 217 715
D3 110 253.000 0,89 2,93 966
YKYMHO
TOTAL 2.591 2633.014 842 27,80 9.139

Y Tabenn 5.7. NpWKa3zaHn Cy pe3ynTatv 3a NoTpebHy
Y NPUMapPHY eHeprujy, Kao 1 3a eM1UCnjy YribeH-AnoKCH-
Aa 3a cge BpTuhe y Cpbuju, rpynrcaHe no Knacteprma
HaKoH NpuMmeHe yHanpeherba 2 3a enekTpuyHe NHCTana-
umje. YHanpeherbe 2 0byxBaTa LieHTpan13oBaHy KOHTPO-
Ny BELUTAUKOr OCBeT/berba Yy 0bjekTnMa. [MpopauyHi npu-
Ka3zaHu y Tabenwu 5.7 cy Takohe BpLIEHN N0 NPUHUMAMMA
Koju cy Kopuiwheru ko 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
OCBEeT/berbe, Kao 1 emncuja yribeH-AnoKcmaa cavx sptuha
y Cpbuju no knacTepvima HakoH npumMere 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

By
=
Q.
? © -
s £ % Ss
6po] S, |83. 2| ¢ & |%:
Knactep | Bptuha 29 g‘ 2 55 v 2 3 g
cluster number S5 Epdo I 2 |y
» RE C ool P o 5 20
ofkinder- | £ 5 = to¥Ys |gz_2 |2
SIE O S99 8 & S 5 8 £ S
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
1 323 58.140 0,16 0,53 176
(@] 897 1.089.855 3,04 10,05 3.303
a 309 684.435 1,92 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 BPeAHOCTV TOAMLLFE NO-
TpebHe 1 NpYMapHe eHepruje, Kao 1 ywTeae y eMncu-
VI yITbeH-gMoKcuaa rpynncaHe no Kiacteprima HakoH
npumMeHe yHanpehera 3 3a eneKkTpuuHe MHCTanauuje.
YHanpeherbe 3 npefcTaBba yHanpehere cuctema ayTo-
MaTv3aumje BeWTaykor OCBeT/berba KPO3 AeTeKTOBakbe
NpUCYCTBa Jbyan y NPOCTOpUWjama 1 Npunarohasakbe Hu-
BOa OCBET/bEHA Y 3aBUCHOCTM 0ff 1o6a AaHa. [Npopayy-
HV NpKrKa3aHn y Tabenn 5.8 ¢y Takohe BpLUeHM Mo NpuH-
LMnMMa 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/bEME, KA0 1 eMI1CHja YribeH-AnoKcmaa cemx BpTuha
y Cpbujn no KnacTeprma HakoH nNpumMeHe 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 MHCTaﬂaLLMje

8
=
Q.
E2 © -
s £ % Ss
wo | B |8y 5| % 5 |B:
Knactep | sptuha 3¢ CBL 2 55 v 2 3 g
cluster number S EpPp 3o 3 2 |og
- REC Paoao? o 5 20O
ofkinder- | £ 5 = toYs |gz_2 | =2
SEC S22 |25CE |5
gartens | £ 8 £82¢ |£2835 |£8
[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 0,14 045 152
B2a 128 76.800 0,21 0,72 238
B2b 117 140.400 0,40 1,32 435
l 323 58.140 0,15 0,51 168
2 897 1.089.855 2,87 947 3.114
a3 309 684.435 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 2633.014 7,22 23,83 7.838

Pe3yntati NOCTUrHYTKX yliTefla HakoH NpumeHe fAa-
TVX yHanpehera MpurKazaHu Cy Ha rpaduKoHMMa 5.5,
5.6.15.7.Y ogHocy Ha nocTojehe cTarbe, Hajgehe ywTeae
ce MOCTUXY 3aMeHOM MocTojeher cucTema OCBeT/berba
LED ocgeT/berem. YHanpehera 2 v 3, Koja obyxsaTajy
yBONEHE LIEHTPANM30BAHE N AayTOMATCKE KOHTPOSe OC-
BeT/betba, MMajy Matbe edekTe y OfHOCY Ha yHanpeherbe
1, anv Cy CBaKako 3HayajHa ca acnekTa yHanpeherba
eHepreTcke eprkacHoCcTV BpTMha.

Bpno je 6UTHO HanomeHy TV fia yHanpeherse eHepreT-
CKe edrKaCHOCTM OCBET/beHbA NOAPa3yMeBa, Y Hajeehem
6pojy objekaTa MPeAWKONCKMUX YCTaHOBa, MHCTanauujy
HOBMX CBETWBKM, LUITO je MpUKKa fa Ce yHanpeau KBa-
NUTET OCBET/bEHA W MPUAATrOAN CTaHAApAMMA 3a NpOC-
Topuje oapeheHe HameHe y oBMM ObjekTuMa. VMajyhu
TO Y BUAY, YHanpehetrse eHepreTcke edUKacHOCTH Tpe-
6a jenHOBpPEMeHO MOoCMaTpaTh 1 ca yHanpeherem KBaa-
nnTeTa OCBET/bEHA. VI3 TOr pa3nora, 3a oapeheHe objek-
Te, ca Cnabom BelWTaukom ocBeT/beHoWwhy, edekat
yHanpeherba eHepreTcke ePUKACHOCTM Y anconyTHOM
CcMUCNy Hehe AaTV OYEeKMBAHO CMatbetbe MOTPOLLHE

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 60BN KBaNN-
TeT ocBeT/berba. [padumkoHm 5.5, 5.6 1 5.7, kao 1 nogaum
y Tabenama 5.5, 5.6, 5.7 1 5.8, cy 13BeleHn Nof NpeTmno-
CTaBKOM fa Ce 3afipkaBa NocTojehe CTarbe KBanmTeTa oc-
BET/LEHOCTU Y NMPELIKONCKIAM yCTaHOBaMa.

MpadukoH 5.5. MNoTpebHa eHepruja 3a ocseTbere [GWh/a]

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

MpadukoH 5.6. MNprmapHa eHepryja 3a ocseTberbe [GWh/al

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

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

noctojehe crare existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2
yHanpehere 3 improvement 3
YHanpehetbe eHepreTcke ePUKacHOCTU enekTpuY-
HUX WHCTanaumja y BpTMhmma ycnos/mbasa M noseharse
edVKAaCHOCTV  YMTABOr  eeKTPOeHepreTckor cucTema.
BeluTauko ocBeT/betbe je MOTPOLLHba Koja MMa BPLUHW Ka-
PaKTep, na ce HeroBrM CMarberbeM MOCTUXeE U 3HauajHO
CMarberbe rybuTaka y npeHoCHoj 1 ANCTPUOYTUBHO] Mpe-
xn (TpudyHosuh, Mukynosuh, hypuwurh, Hypuh, Koc-
Tvh, 2009; TpudyHosmh, Mukynosuh, hypuwuh, Koctuh,
2011). CmarberbeM rybutaka y npeHocy v ancTpmbyumjm
eNeKTpUYHe eHeprnje ce AOAATHO CMarbyje MOTPOLUHba
npviMapHe eHepruje Koja ce TPOLUM 3a paf BelTaykor Oc-
BeT/berba. Ha rpadukoHmnma 5.8, 5.9. 1 5.10 ce youasajy
ywTefe y NoTpedHOj eHeprujy, MPYMapHOj eHepriju, Kao
1 Moryhe CMarberse emmcuje YribeH-AvoKCKaa, HacTane
Kao pe3ynTaT npeasuheHnx naketa obHOBE 3rpage y of-
HOCYy Ha nocTojehe cTarbe. To MofpasymMeBa apXUTEKTOH-
CKO-rpaheBMHCKe Mepe Mnobosbllatba KapakTepucTvka
OMOTaua 3rpafie, Kao 1 Nobosbllake MK 3aMeHy eneme-
HaTa TePMOTEXHUYKOT, eNIeKTPOeHePreTCKor cncteMa M-
CTanaumja 1 cuctema 3a npunpemy CaHnTapHe Torse BOAe.

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¢, Burisic¢, 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 eHepruja 3a rpejarbe,
npunpemy CTB 1 ocseTrberbe [GWh/al

noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 5.9. YkynHa npumapHa eHepryija 3a rpejaroe,
npunpemy CTB n ocseTbetbe [GWh/a] (%)

noctojehe cTare existing condition

yHanpehere 1 improvement 1

yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 5.10. YKynHa emrcuja yribeH-anoKCc1aa, rpejarse,
npunpema CTB v ocsemberve [t CO /a] (%)
noctojehe crame existing condition

yHanpeherbe 1 improvement 1

yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

Morxe ce 3aK/byunTV [a Ce CMarbyje v noTpebHa u
nprMapHa eHeprija ca ysoherbem HoBKX NobosblUakba, TO
jecT ceako parce yHanpeherse faje n nobosbliake eHep-
reTcke edrKaCcHOCTM 3rpada. 3a pasnnky of eHepruje,
Kaja je eMuncKja yribeH-anokcmaa y nutarby, yHanpehersa
2 1 3 pajy noajefHake pesynrate. Ha OCHOBY OBOTa je jac-
HO [la HauUMH 1 HKBO yHanpehera 3rpage Moxe Aa byne
pe3ynTaT MocTaB/beHVIX NPYOPUTET], Y3 0baBe3HY NMpoBe-
Py €KOHOMCKE MCMIaTMBOCTU NPEANIOKEHOr NnakeTa Mepa.
lpadukoH 5.11. Cmarberbe NoTpebHe eHepruje
Kpo3 yHanpeherba y 0HOCY Ha nocTojehe CTake
(rpejatbe, npunpema CTB 1 ocseTrberse) (%]

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

yHanpehere 3 improvement 3
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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 (%)
@ rpejarbe CTB
heating and DHW

ocBeT/berbe
lighting
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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) [%)]

I 100

I 69
E— 44
— 3



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

lpaduikoH 5.12. Cmarberbe npumMapHe eHeprije
Kpo3 yHanpehera y oaHOCy Ha nocTojehe cTarbe
(rpejarve, npunpema CTB 1 oceeTberse) (%)

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

yHanpehetbe 3 improvement 3

MpadukoH 5.13. Cmatberse emmncyje yriber- AMokcnaa
Kpo3 yHanpehetrba y OAHOCY Ha noctojehe cTarbe
(rpejarbe, nprnpema CTB v ocseTiberbe) [%)]
noctojehe cTare existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2

yHanpehere 3 improvement 3

Cmatberbe noTpebHe M NpvMapHe eHepruje, Kao
M CMarberbe emucuje yrbeH-AVOKCMAa Kao pesynTar
NpojeKToBaHa TPy HMBOa yHanpeherba eHepreTcke edu-
KaCHOCTV NpMKasaHu cy Ha rpadurkoHmma 5.11., 5.12. 1
5.13. Kao oCcHOB Cy y3eTv nokazaTesbh eHepreTcke edu-
KacHOCTW 3rpafa y nocTojehem CTarby, Npe yHanpeherba.
TeHOeHUMja CMatberba MOTpebHe U MpUMapHe eHep-
rvje ca yHanpeberbnMa Ce jacHO BUAW: Ca MpuMerbe-
HVM NakeToM yHanpehera 1 1 noTpebHa eHepruja, Kao
N NpUMapHa eHeprinja ce cMmambyjy 3a 30%; Apyrn HMBO
yHanpeherba CMakbyje eHepruje 3a famnx 25%, [OK ce
Kpo3 Tpehun HMBO yHanpeherba eHeprnja cmarbyje 3a
13% (noTpebHa eHepruja) oaHocHo 14% (NpvimapHa
eHeprunja). Ha oBaj HauMH NoTpebHa eHepruvja je cBe-
feHa Ha 31%, a npyMapHa eHepruja Ha 20% y ofHocy
Ha MoYeTHY eHeprunjy kof noctojeher cTarba 3rpaja Bp-
Tvha. EM1cKja yribeH- anokcuaa ce Takohe cmakbyje ca
yHanpeherbnma 1 1 2 UCTUM TPEHLOM Kao 1 eHepruje, a
yHanpehetrbe 3 He JOHOCK flafbe CMarberbe OBe emumcHje:
3aApKaBa ce BpeHOCT o 35% y ogHOCy Ha nocTtojehe
CTatbe rpaheBMHCKOr GOHAAR, Kao M KoA yHanpeherba
NPUMEHOM APYror HKBoa. Kako je paHuje Beh peueHo,
[0 Kor HMBoa he ce 3rpafe yHanpehveath, 3aBrcuhe 1
Of pe3yntata ONTUMM3aLMOHNX CTyAMja, OOHOCHO eKo-
HOMCKe MCMNAaTMBOCTU MOTPeOHMUX ynaraka 3a ycnose
KakBM 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) [%]

100

~
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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




HaumoHasnHa TMnonoruja 3rpada NpeaLwKoncKkumx yctaHosa Cpbuje

National Typology of Kindergartens in Serbia

Al
Al

MpeAaLlwKoncKa 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
MoBpLnHa (M?) HeTo rpejaHa 300 Area (m?) Net heated 300
3anpemuHa (m?) HeTo rpejaHa 1225 Volume (m?) Net heated 1225

98

3rpaja NpeawKkoncKe yCcTaHoBe jeAHOCTaBHe OCHO-
Be, Ca UeTVpW BaCMWTHE jeauHuMLE 1 6e3 Apyrux HameH-
CKMX 1 CEPBUCHUX NPOCTOpa. JeavH1LE HeMajy AMpPeK-
TaH 13na3sy JBOpyLLITE.

PenpeseHTn cy, Mo npasuiy, npusemHe 3rpaje,
CBefleHe reomeTpuje, MOKPUBEHE ABOBOAHMM KOCUM
KPOBOBMMA, Ca TaBaHCKMM NMPOCTOPOM KOjii Ce He KOpUC-
TV 11 6€3 NoA3eMHIX eTaxa (MoAPYMCKKX NpocTopuja) a
NPO30PCKN OTBOPW Cy MOjeAMHAYHN, YeCTo Ca enemeH-
TMMa dacaHe nnacTvike. MpencTaBHULM OBOT TWMa MOTy
OUTK y PEXMMY 3aLUTVTe Ma TO MOXe YTULAaTV Ha npoLle-
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 NPefwkKonCKMxX yCTaHOBa OBOr T1na paheHe
CYy jeAHOCTaBHVIM TPAANLIMOHANHMM TEXHMKama rpahetba.
KOHCTPYKTMBHM CKIOM je MacKBaH, ca ApseHom mehycn-
PATHOM KOHCTPYKUMJOM (,KapaTaBaH”) ¥ KOCKMM [ABOBO-
OHVUM KpoBoMm. MacafHu 3vAoBKM Cy 0BOCTPaHO ManTte-
pVCaHW, Ca eneMeHTVMMa AeKopaTvBHe nnactuke, 6e3
Tepmuuke nsonauwje. MNpo3opn cy ApBeHu, ABOCTPYKM,
Ca Pa3fBOjeHVM KPWAMMA, 3aCTak/beHW jefHOCTPYKMUM
cTaknom. Moaosu cy ca ApBeHOM 0bnorom, 6e3 Tepmmny-
Ke nsonaumje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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
(B <50
<100
<150
<200
<250
> 250
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HauwvoHanHa Tvnonoruja 3rpaga NpeaLkonckmx yctaHosa Cpbuje National Typology of Kindergartens in Serbia

CKnonoBu TepMUYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31

External Wall

U (W/m?K)

MehycnpatHa
KOHCTpYKLUMja ncnog
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/mZK)

lNog Ha Ty

Mantep 2cm, oneka 44cm, mantep 3cm

YHyTpa Inside
Cnosba Outside

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
TPLWYaHOoj 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
*
|

Cnosba Outside

[awyaHy nog 2.2 cm, facke 2.4 cm,
noTnaTtocHuue 8/5 cm 'y cnojy necka 10 cm,
HabujeHa 3emba

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 VM
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

TepMOTEXHUYKM 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

YHyTpalltba paceeTa

Interior lighting

o My
L

Y M3BOPHOM CTatby 3rpafia ce 3arpesarna
nyTem nokanHux 3arpesHux 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 Tenuma.
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 0bnnKy kopuwheHo
MHKa[eCLIEHTHO OCBET/betbE, [IOK je npema
noctojehem CTarby Marby jeo objekTa
NOKPUBEH NHKAZECLIEHTHVIM 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
ToMnse Boge

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

pvinpema caHvTapHe Tonne Boge Huje
6vina npeasubera npojekTom. JaHac

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

0 0.5 1

Knsumre cvjanviue

Mercury vapor bulbs



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

CnnyHm 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

3rpage NPefLKONCKMX YyCTaHOBa MAHUMATTHNX Kana-
uuTeTa, U3 HajcTapujer neproaa, YrfiaBHOM Cy CTambe-
He kyhe unu sune y mehyspemeHy npvnaroheHe 3a HOBY
HameHy. Y Hajsehem Opojy cnyyajesa youasajy ce enemeH-
TV AeKopaTvBHe dpacajiHe NnacTyvike, a NojenHn 0bjeKTu
Mory 6UTU W'y pexnmy 3awTute. Mpo3opu cy nojeanHay-
HW, Ca XOPU3OHTASTHOM 1 BEPTUKAITHOM NOLESIOM; KPOBO-
BV Cy KOCW, CNIOXKEHW. 3rpafe OBOT TWMa 3ufaHe Cy Tpaau-
LMOHaNHMM TexHMKamMa rpaberba, 6e3 3HaTHUjVX pasnnka
y OHOCY Ha OCHOBHOT TUMCKOT NPEACTABHYMKA.

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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetse 3

Improvement 3

V3onoBarbe dacapgHUX 31A0Ba KOHTAKTHOM Tepmou3onalMoHom dacafom. Yrpafra Hosux nposopa o [BL, npodwuna ca ABOCIOjHMM
1301aLMOHNM 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).

1130n0Barse dacanHnx 31Ma0Ba KOHTAKTHOM TePMOU30NaLMOHOM dacajom. VI3onoBarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
Y3 MUHUMAIHY PEKOHCTPYKLWjy Cnojesa. /13onoBare nofa Ha Ty y3 NoTnyHy PeKOHCTPYKUM]y crojeBa. Yrpadrba HOBMX npo3opa of MBLY
npodwna ca ABOCNOJHIM M30MaLMOHUM HACKOEMUCUOHMM CTaKNO0-NaKeToM (Cpearba 3anTVBEHOCT). Yrpaa HOBYX Ya3HIX APBEHVX BpaTa
Ca TepPMOU30MaLMOHOM UCMYHOM.

Thermal insulation of facade 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.

1130noBatbe dacagHMx 3M40Ba KOHTAKTHOM TePMOU30aLMOHOM dacaom. V3onosarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
Y3 MUHUMANHY PEeKOHCTPYKUWjy Crojesa. V13onosarbe nopa Ha Ty y3 NOTMyHy PEeKOHCTPYKUWjy Cnojea. Yrpaarba HOBMX Mpo3opa of
KOMMO3WTHMX NPodUna ca TPOCIOJHUM M30NaLMOHUM HUCKOEMMCUOHMM CTak/Io-NakeTom (1obpa 3anTvBeHOCT). Yrpadtba HOBUX yNasHuX
APBEHVX KOMMO3WTHYX BPaTa Ca TepMOU30aLIMOHOM UCTYHOM.

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
Cnosba 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 VM3MEHA

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

YHyTpa Inside

ME donwja, Tepmounzonaumja 15 cm, gacke
2.4 cm, TaBarbaye 14/20 cm, apBeHa
MOTKOHCTPYKLUWMja 6 CM , ManTep Ha TPLIYaHo)
noanosn 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 donwja, Tepmomnsonaumja 25 cm, aacke
2.4 cm, TaBakbave 14/20 cm, apBeHa
MOTKOHCTPYKLMja 6 CM , ManTep Ha TpLIYaHoj
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




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 YHanpebhetbe 3 Improvement 3
Mog Ha Ty YHyTpa Inside YHyTpa Inside YHyTpa Inside
I R —
i
Ground floor =
pE— ]
Cnospa Outside Cnospa Outside Cnorba Outside
HEMA N3MEHA napkeT 2.2 Cm, UeMEHTHa KoLlyrbuLa 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLybuua 4 cm,
— Tepmowusonaymja 5 cm, xmgpousonaynja Tepmomsonaumja 10 cm, xuapoursonauvja
NO CHANGES 1cm, 6eToHcKa nnoya 10 cm, wibyHak 10cm,  1cm, 6eToHcka nnoya 10 cm, wibyHak 10cm,
HabujeHa 3emrba HabujeHa 3em/ba
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/m?K) 047 0.28 0.20
Mpo3opu bl bl 3 3 3 b
o e 2 g 2 g e
@) © O © O ©
. o o3 aQ
Windows 3 = 3 £ 3 2
e = e = e i =
(@] (@) (@]
IBLl ca ABOCNOJHNM HUCKOEMUCUOHMM IBL| ca ABOCNOjJHUM HUCKOEMUCUOHWM KoMMo3uTHY Npoduin ca TPOCIOjHM
CTaK/0o NakeTom CTakK/o NakeTom HUCKOEMUCHOHWM 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/mZK) 1.40 1.40 0.80




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

CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdukacHocT n3Bopa
Tonnote

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOnne Boae

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1
My

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 akymynaumor 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

KoTao Ha yras 3amMerbeH je KOTIoM Kojut
KOpU1CTW ApBHY B1omacy (nener).

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

091

EneKkTpuyHm akymynaumnoH 6ojnepu

Electric water heaters

YHanpebherse 3 Improvement 3

o
5

Yrpafrba KOMNpPecopcke TOMNOTHE Nymre
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/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3

TonnoTHN ryouLn

100 100

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

TpaHcMucHoHn rybnum 400 400 400 400
- R ||
Transmissive losses 350 I 350 350 350
[W/K] 300 I 300 300 300

250 Ii 250 250 250

200 II . 200 . 200 200

150 II I 150 I 150 150

100 II 100
II I .

12 3 45 12 3 45 12 3 4 5 12 3 4 5

w
o
w
o
w
o

1- Cnosballiby 31, 2- NPo30pWY, 3- ynasHa BpaTa, 4- MehycnpatHa KOHCTPYKLMja MCNOA HerpejaHor TaBaHa, 5- nog Ha Ty
1- external wall, 2- windows, 3- doors, 4- floor structure to unheated attic, 5- ground floor

CneunduruHa rogmirba 212 270

notpebHa eHepruja 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

73 107 145



A - nepuog npe 1945. A - period before 1945

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — 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% 55.2%
MpymapHa eHepruja 143473
v

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

11808 20076 81035
82%  14.0% 56.5%

Emmncmja CO, HakoH

npvimeHe rpaheBrHCKIX Pt
1 TEPMOTEXHUYKKX Mepa

i - ]
architectural and HVAC : | | | |
improvement 0 A A 50 A 100%

-4

5320 10640 27598
kg/al 11.2% 22.4% 58.0%

@ ©
Emncuja CO, HakoH ® H 8
yHanpeherba cnctema 2756

pacsete v

lighting improvement o
A AA ” o

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

Q-+ @+= @

o —

| | |
v MNONAa3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 yHanpehetbe 2 a yHanpehetbe 3
starting condition usual interventions improvement 1 improvement 2 improvement 3



HauwvoHanHa Tvnonoruja 3rpaga NpeaLkonckmx yctaHosa Cpbuje National Typology of Kindergartens in Serbia
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MpenwKoncka yctaHoBa
noBpLumHe 500-2000 m?

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
MoBpLnHa (M?) HeTo rpejaHa 380 Area (m?) Net heated 380
3anpemuHa (m?) HeTo rpejaHa 1270 Volume (m?) Net heated 1270

[NpenpatHe 3rpafe y KojuMa ce faHac Hanase npeaL.-
KONCKe yCTaHoBe Hajuellhe Cy MHWLMjanHO NpojeKToBa-
He ca ApYromM HaMeHOM MNa Hemajy apXMTEKTOHCKM CKIoN
KOjU MOXe OArOBOPUTU CBMM CaBPEMEHUM QyHKLMO-
HanHUM 3axTeBMMa. Kako ce paan o objekTnmMa Koju cy
HelwTo Behe NOBpPLWWHE, OHK Cy 6e3 063rpa Ha NPBOOUT-
HY HameHy BWIM NPOJeKTOBaHW Kao oHeKe penpeseH-
TaTMBHA 3Aakba BehMX CNPaTHUX BUCKHA.

[ToKprBeEHe Cy KOCKMM KpPOBOBMMA, Ca TaBaHCKWM
NMPOCTOPOM KOjU1 Ce He KOPUCTH, @ Y MOjeAnHNM CyJaje-
BMMa Mocefyjy W HerpejaHe NoApyMCKe npoctopuje.
Mpo30pCKKM OTBOPWU Cy MOjeAMHauHK, 6e3 3awTuTte of
CyHLa 1M ca NAATHEHUM POseTHama.

110

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 oBOr TMna paheHe Cy TPAAMUMOHANHMM Tex-
HVKamMa rpaherba. KOHCTPYKTVBHYM CKAON je MacmBaH, ca
NPYCK1M CBOAOM M3HAA NOAPYMA, ApBeHoM mehycnpat-
HOM KOHCTPYKUM]OM (,KapaTaBaH”) 1 KOCUM BULLIEBOAHIM
KpoBom. MacafHV 31A0BK Cy 0BOCTPAHO ManTepUCaHK,
HeN30/10BaHW, Ca eNeMeHTMa feKopaTnBHe niacTnke.
Mpo30opu Cy ApBeHW, ABOCTPYKM, Ca Pa3aBOjeHUM Kpu-
NMMA, 3aCTak/beHW jeJHOCTPYKMM CTaknom. [logosu cy
npBeHn (bPOACKM NMOoA WY NMapKeT) Ha NOTNaTOCHNULama
y Necky.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

A —nepwuop npe 1945. A - period before 1945

R iy

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

Qg [%] Q,,, [kwh/(m?a)]
330 248
<15
<25
B <50
<100
<150
<200
<250
> 250
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CKnonoBu TepMUYKOT 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)

Mantep 2cm, oneka 44cm, mantep 3cm

YHyTpa Inside
Cnospa Outside

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

gy

Cnosba Outside

napkeTt 2.2 cm, gacke 2.4 cm, NoTnatocHuLe

(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
Cnosba Outside

ManTep 2 cm, oneka 29 cm, Mantep 3 cm

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

1.40

Cnorba Outside

. -

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke 2.4

cm, TaBarbaye 14/20 cm, apBeHa
MNOTKOHCTPYKLWja 6 Cm, ManTtep Ha TpLU4aHoj
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

[IpBEHN IBOCTPYKM Ca pasmMakHy TV M
Kpunvma (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

TepMOTEXHNYKM 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 LEHTPASTHOT 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 OCBET/bEHE, [IOK je MpemMa
noctojehem CTary Lieo objekaT NoKpvBeH
bnyopecLeHTHVM 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 Tore Boae
Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTK
npunpeme caHvTapHe

TOre sofe

DHW preparation
efficiency

CnorbHa paceeTa

Outdoor lighting

pvinpema caHvTapHe Tonne Boge Huje
6vina npeasubera npojekTom. JaHac

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

.

KreuHe crjanuue

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

3rpafie NPeALWKONCKMX yCTaHOBa OBOM TMNa rpahe-
He Cy, CBOjeBPEMEHO, Kao penpe3eHTaTUBHKU CTambe-
HW OBjeKT 1 BpemMeHOM Cy MpwunaroheHe HOBOj Hame-
HW. Dacazde Majy Marbe UK BHLLE pasBujeHe enemeHTe
JeKopaTvBHe nnactuke, a GacagHu OTBOPW Cy Moje-
AMHaYHK, HewTo BehWX AMMeEH3Wja, ca oaroBapajyhom
noaenom. KpoBOBM Cy KOCH, CIOXEHM, YecTo MoByuYe-
HW 133 AeKopaTvBHO obpaheHor BeHua. Cee 3rpafe cy
3vAaHe TPAAVUMOHANHYM TEXHUKaMa: MaclBHM Hocehu
3MO0BM Off MyHe Oneke, ApBeHe TaBaHWLe Hafg3eMHUX
eTaka v NPYCKM CBOA M3HaA noapyma. MojeanHu 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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetse 3

Improvement 3

V3onoBarbe dacapgHUX 31A0Ba KOHTAKTHOM Tepmou3onalMoHom dacafom. Yrpafra Hosux nposopa o [BL, npodwuna ca ABOCIOjHMM
1301aLMOHNM 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).

130noBarve dacagHnx 31MAoBa KOHTAKTHOM TEPMON30MaLMOHOM dacafiom. V13onoBare MehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy,
Y3 MAHUMaIHY PeKOHCTPYKUMjy noctojehnx cnojesa. M3onosarbe MehycnpartHe KOHCTPYKUMjE Ka HerpejaHoM CyTepeHy npeko noctojehix
cnojesa. Yrpafrba HoBUX npo3opa of MBL npoduna ca ABOCNOjHMM M301aUMOHNUM HICKOEMUCUOHUM CTaKNOo-NakeToM (CpedHba 3anTBEHOCT).
Yrpadtba 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.

1130noBatbe dacagHMx 3M40Ba KOHTAKTHOM TePMOU30aLMOHOM dacaom. V3onosarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
Y3 MUHUMaIHY PeKOHCTPYKUMjy noctojehnx cnojesa. M3onosarbe MehycnpaTtHe KOHCTPYKUMje Ka HerpejaHoM CyTepeHy npeko noctojehix
cnojesa. Yrpadtba HOBMX NPO30Pa Off KOMMO3WTHKX NPOdMa ca TPOCIOJHUM M30M1aLUMOHIM HUCKOEMUCKIOHUM CTakno-naketom (aobpa
3aNTUBEHOCT). Yrpafrba HOBUX YNa3HUX IPBEHMX KOMMO3UTHIX BpaTa Ca TePMOV30M1aLIMIOHOM UCTYHOM.

Thermal insulation of fagade walls with a contact fagade 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

(] [}

° °
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ManTep 2 cm, oneka 29 cm, MmanTep 3 cm,
Tepmownsonaymja 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
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° © © - °

a z a o ©

= > — = >

g e g8 = =

= =

B & > . 2

= 2 > <, 2
) U

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,
Tepmomsonauuja 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
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rMNC KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKLWMja/ 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 KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKLUWja / Tepmowm3sonaumja 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 TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

MebhycnpaTHa
KOHCTPYKUWja ncnoa
HerpejaHor TaBaHa

Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTPYKUMja 13Haz
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

ME ponwja, Tepmomsonayuja 15 cm, packe
2.4 cm, TaBarbave 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

YHanpebhetbe 3 Improvement 3

Cnorsba Outside

L_K

YHyTpa Inside

ME donwja, Tepmomnsonaumja 25 cm, gacke
2.4 cm, TaBarbayde 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

YHyTpa Inside

p—

Cnospa Outside

napkert 2.2 cm, gacke 2.4 cm, NoTnaTtocHnLe
(8/5cm ) y cnojy necka 10-15 cm,

oneka 14 cm, Tepmonsonaumja 10 cm,
NOTKOHCTPYKUMja, TMINCKapTOHCKa nnoya
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

Cnorsba Outside

napker 2.2 cm, gacke 2.4 cm, notnatocH1ue
(8/5cm ) y cnojy necka 10-15 cm,

oneka 14 cm, Tepmounsonauuja 20 cm,
MOTKOHCTPYKLMja, TMICKaPTOHCKa Ninova
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 20 cm,
metal substructure, gypsum board 1.25 cm

0.16

HEMA M3MEHA

NO CHANGES

1.05
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. [oN

2 L &7 g

e <

W)

IBL| ca ABOCNOJHUM HUCKOEMUCUOHMM
CTaK/0 NakeToM

"PVC, double glazed low-E glass unit,
inert gas filling”

1.40

Cnora Outside
YHyTpa Inside

IBL| ca ABOCNOjJHUM HUCKOEMUCUOHUM
CTaKIO NaKeToM

"PVC, double glazed low-E glass unit,
inert gas filling”

1.40

Cnosba Outside
YHyTpa Inside

KoMNO3UTHM Npodun ca TPOCIOjHIM
HUCKOEMUCHOHWM CTaKNO NakeToM
NCNYHEHVM MHEPTHUM racoM

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

0.80




HaumoHanHa TMnonorwvja 3rpaga npeawKkonckux yctaHosa Cpbuje  National Typology of Kindergartens in Serbia

Cnctem rpejarba 3rpage — yHanpebewa — Heating system — improvements

CucTtem 3arpeBarba
npoctopuja

Heating system

EdukacHocT n3Bopa
TonnoTe

Heat source efficiency

EdwukacHocT crctema
rpejarba

Heating system
efficiency

Mpunpema caHuTapHe
Torne Boge

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

3aapkaH je noctojehn cuctem rpejarba
NpOCTOPa: Aa/bUHCKO rpejarbe C KOTIOM Ha
NPUPOAHW rac y TonnaHw.

The existing heating system is retained:

district heating system with natural gas fired

plant.

092

I

EnekTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NpOCTOpa: AabVMHCKO rpejatbe C KOTIOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:

district heating system with natural gas fired

plant.

092

I

EnekTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMPECOPCKe TOMOTHE nymne
Ba3/Zlyx/BOfa Ca XMAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

TonnoTHa Nymna Basayx/sofa

Air source heat pump



A —nepwuop npe 1945. A - period before 1945

Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

36%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

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

450

400

350

300

250

200

150

100

50

17% 17% 12%
40% 58% .
() TpaHCMUCHOHN ryBUL — transsmission losses BEHTUMALMOHM rybuLm — ventilation losses ylwtege — savings
450 450 450
]
I 400 400 400
I 350 350 350
I 300 300 300
|
II 250 250 250
II 200 200 200
II 150 150 150
o _mEN ||
BN ECR ERCEE NN
II I I N II I I N II N II
12 3 4 5 6 1 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6

1- cnosballtby 31f, 2- NPO30pW, 3- yrasHa BpaTa, 4- 31 Ka CycejHOM 06jeKTy, 5- mehycnpaTHa KOHCTPYKLUMja CMNOA HerpejaHor TaBaHa,
6- MehycnpaTHa KOHCTPYKUMja U3Haa HerpejaHor nogpyma — 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

201 248
| | kWh/m? a
<12 <20 <38 <75 <188 >188 500
<15 <25 <50 <100 <150 <200 <250 >250 rel %
| | |
58 88 140



A - nepuog npe 1945. A - period before 1945

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

DurHanHa eHepruja 129403
Final energy |
[kWh/a] | [ [ | | [
0 e a 50 n 100%
8205 48762 75120
63% 37.7% 58.1%
. 148071
[prmapHa eHeprija v
- |
e - ]
(kWh/a] | | | | | |
0 e a 50 n 100%
20511 59365 88359
13.9% 40.1% 59.7%
Emmncmja CO, HakoH
npuMeHe rpaheBUHCKIX 500
1 TEPMOTEXHUYKMX Mepa v
- - |
i _
architectural and HVAC |
improvement 0 a a 50 100%
10871 15248
[kg/al 33.0% 46.2%
Emmcmja CO, HakoH @ H 8
yHanpehetba cucTema 3213
pacseTe

-4

lighting improvement I I

50 A A A 100%

[kg/al 1960 2057 2249
61.0% 64.0% 70.0%

Q- §+= @

o —

| | |
v MNONAa3Ho CTatbe V Hajuewhe nHTEPBEHUMjE yHanpeheroe 1 yHanpehetbe 2 yHanpehetbe 3
starting condition usual interventions A improvement 1 A improvement 2 A improvement 3
| |






B period 1946-1970
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MpenwKoncka 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
MoBpLnHa (M?) HeTo rpejaHa 170 Area (m?) Net heated 170
3anpemuHa (m?) HeTo rpejaHa 520 Volume (m?) Net heated 520

[NpeacTaBHMLM NPeALLKONCKMX YCTaHOBa OBOM TMMa
Cy NMpu3emHe 3rpaje jefHOCTaBHe, KOMMAaKTHe OCHOBe.
Objekar je rpaheH HaMeHCKM Kao NpeALKONCKa yCTaHo-
Ba Ca [ABE jeAVHMLE, KyXMHOM ¥ NpaTehrm npocTopuma.
JeanHuvue Hemajy AMpeKTaH 13nas y AsopuiTe.

Micnoa nena objekTa Hanasw ce HerpejaHun NoAapym
(ocTaBa 3a orpeB Kojoj ce MPUCTYMNa MHTEPHUM CTene-
HULWTEM) @ TaBaHCKM MPOCTOP WCMOA YEeTBOPOBOAHON
KpOBa Ce He KOPWCTU.

OTBOpY Cy NojeAVHauYHV — TPaaWLIMOHANHN BULe-
JleNH1 NPOo30pW HELWTO BeNWX ArMeH3Vja.

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 TaBaHMLOM W3HaZ MNoApyMa, APBEHOM
MeRyCnpaTHOM KOHCTPYKUMJOM (,KapaTaBaH") v KOCUM
[BOBOAHMM KpoBom. (DacafHv 3vaoBM Cy 0OOCTPaHO
ManTepucaHn, 6e3 Tepmuuke rsonauuvje, anu v 6e3 ae-
KOopaTWBHe MnacTunke WTo oMoryhasa jeHOCTaBHe mepe
eHepreTcke pexabunutaumje dacage. Mpo3opw cy apee-
HY, 3aCTaKk/beHN jeAHOCTPYKMM CTaknom. [lofosu cy ca
JpBeHoM 0b110rom 6e3 TepmuyKe 13onauuje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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 TepMUYKOT OMOTaua — noctojehe ctatbe — Elements of the thermal envelope — existing

Cnosballitbm 31

External Wall

U (W/m?K)

MehycnpaTHa
KOHCTPYKLUMja CNoa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

MehycnpaTHa
KOHCTpYyKLUWja U3Hag
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

. -

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLUWja 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

napkeTt 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 15¢cm

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
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

Cnorsba Outside

mmHoneym 0.2 cm, LeMeHTHa KoLy buLa
5cm, xuppowsonaumja 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 OCBETIbeRe — 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/bema

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby 3rpafia ce 3arpesarna
nyTem floKasHyx 3arpesHux ypehaja - nehu
Ha yBpCTO ropueo (50% ApBo v 50% yrar).
KacHuije 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/bErbE, 10K je Npema
noctojehem cTarby Matrbi fjeo objexTa
NOKPUBEH NHKAJECLEHTHVM OCBET/bEHEM,
a sehu 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 Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

[Mprnpema caHnTapHe Tomne Boae Huje
6vina npeasubera npojekTom. JaHac

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

.

KusuHe crjanuue

Mercury vapor bulbs



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

CnnyHm 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

Matbe npefLKoncke ycTaHoBe rpaheHe y nocnepart-
HOM Mepwvofy, YrNaBHOM Cy HaMeHCKM rpaheHe npunsem-
He 3rpafe jeHOCTaBHe reomeTpuje 1 matepujanmnsaumje.
CacToje ce off HEKONMMKO CMELUTajHUX jeArHMLa, Marbe
KyXvHbe 1 OCHOBHMX NpaTehux npocTopa.

KOHCTPYKTUBHM CKAOM je MacKBaH (31A0BM of nyHe
oneke wnu rmutep 6noKa), KPOBOBM Cy KOCW, TPaaWLU-
OHaslHe ApBeHe KOHCTPYKUMje, a NoAoBM paheHn Ha
6eToHCKoj nnouw, 6e3 Tepmonzonaunje. GacagHu OTBO-
puv Cy Y BUAY NOjeANHAYHMUX MPO30pa Koju Cy Y nojefun-
HMM ClyyYajeBMMa CNojeHn Tako Aia MCNyHaBajy 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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetse 3

Improvement 3

V3onoBarbe dacapgHUX 31A0Ba KOHTAKTHOM Tepmou3onalMoHom dacafom. Yrpafra Hosux nposopa o [BL, npodwuna ca ABOCIOjHMM
1301aLMOHNM HUCKOEMUCUOHIUM CTaK0-NakeToM (obpa 3anT1seHoCT).

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

130n0Barbe GacagHWX 31A0Ba KOHTAKTHOM TEPMOM30MaLMOHOM (Gacafom. V3onoBarbe YHyTPaLHMX 3MA0BA Ka HErpejaHoM npocTopy.
/3onoBatbe mehycnpatHe KOHCTPYKLMje Ka HerpejaHom TaBaHy Y3 MUHVManHy PeKOHCTPYKLWjy cnojesa. M3onosarbe mebhycnparHe
KOHCTPYKLUMje Ka HerpejaHom noapymy npeko noctojehuix cnojesa. 3onosarbe Nofa Ha Ty y3 NOTNYHY PEKOHCTPYKUM]Y CnojeBa. Yrpafrba
HOBMX Npo3opa o4 MBL npodwna ca ABOCNOJHAM M30MaLIMOHUM HCKOEMVICUOHMM CTaKO-NakeToM (Cpearba 3anT1BEHOCT). Yrpadka HOBYX
YNa3HUX ipBEHVIX BPaTa Ca TepMOU30aLMOHOM 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 PVC windows with double-glazed low-emissivity glass
unit (mid-range air-tightness). Installation of new entrance wooden doors, with thermal insulation infill.

130n0Barbe GacapHWX 3MA0Ba KOHTAKTHOM TEPMOM30MaLMOHOM Gacafom. V3onoBarbe yHyTpaLLHbMX 3MA0Ba Ka HErpejaHoM npocTopy.
/130onoBarbe mehycnpatHe KOHCTPYKLMje Ka HerpejaHoMm TasaHy Y3 MUHVManHy PeKOHCTPYKLWjy cnojesa. V3onosarbe mehycnpatHe
KOHCTPYKLUMje Ka HerpejaHom noapymy npeko noctojehux cnojesa. V3onosarse nofa Ha iy y3 NoTnyHy peKOHCTPYKUMjy cnojesa. Yrpadtba
HOBWX NPO30pPa Off KOMMO3WTHYX NPOdKNa Ca TPOCIOjHNM U30NALMOHMM HIUCKOEMCUOHUM CTak0-NakeToM (obpa 3anTunseHoCT). Yrpadrba
HOBMX YNa3HUX JPBEHX KOMMO3UTHUX BPaTa Ca TEPMOM301aLIMOHOM 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 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 1cnofa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside
Cnorba Outside

ManTep 2 cm, oneka 25 cm, Mantep 3 cm,
Tepmonsonaumja 10 cm, mantep 1 cm

plaster 2 cm, brick wall 25 cm, plaster 3 cm,
thermal insulation 10 cm, plaster 1 cm

0.30

YHyTpa Inside
Cnosba Outside

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

YHyTpa Inside

Cnosba Outside

ManTep 2 cm, oneka 25 cm, mantep 3 cm,
Tepmomsonauuja 20 cm, mantep 1 cm
plaster 2 cm, brick wall 25 cm, plaster 3 cm,
thermal insulation 20 cm, plaster 1 cm

0.30 0.17
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FUNC KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKUWja/ Tepmowsonaumja 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 ponwja, Tepmomsonauuja 15 cm, gacke
2.4 cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLMja 6 CM , ManTep Ha TPLYaHoj
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

YHyTpa Inside

Cnorsba Outside

ME donwja, Tepmomrsonaumja 25 cm, aacke
2.4 cm, TaBatbade 14/20 cm, ApBeHa
NOTKOHCTPYKLMja 6 CM , ManTep Ha TPLWYaHoj
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
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CKNonoBu TEPMUYKOT OMOTaua — yHanpehetba — Elements of the thermal envelope — improvements

MebhycnpaTHa
KOHCTPYKLUWja 13Ha/
HerpejaHor noapyma

Floor structure to
unheated basement

U (W/m?K)

[Noa Ha Ty

Ground floor

U (W/m?K)

[1po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Er—
T W e

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, Tepmousonauymja 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

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

napkeT 2.2 cm, lacke 2.4 cm, NOTNaToCHuLe
(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 c¢m,
plaster 1 cm

0.16

YHyTpa Inside
I

Cnosba Outside

YHyTpa Inside

Cnospa Outside

YHyTpa Inside

Cnorba Outside

HEMA N3MEHA napkeT 2.2 Cm, UeMEHTHa KoLlyrbuua 4 cm, napkeTt 2.2 cm, UeMeHTHa KoLysbuua 4 cm,
— Tepmownsonauymja 10 cm, xuaponsonaumja 1 Tepmomsonaumja 10 cm, xvapomnsonaumja 1
NO CHANGES cm, 6eToHcKa nnoya 10 cm, WwbyHak 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] [ (] [ (]
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INBL| ca ABOCNOJHUM HUCKOEMUCUOHMM
CTaKM0 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

KOMMOo3nTHU Npodui ca TPOCIojHM
HUCKOEMUCHOHWM CTaK/IO MakeTom
MCMYHEHVM MHEPTHUM racoM

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

0.80
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CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdukacHocT n3Bopa
Tonnote

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOonne Boae

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

Yrpafrba LieHTpanHor cuctema rpejatba ca
pafvjatopriMa Kao rpejHium Tenuma. Kao
rOPYBO Ce KOPUCTU MPUPOAHY rac.
Installation of central hydronic system with
radiators. The heating source is natural gas
fired boiler.

0.86

EnexkTpuuHm akymynaumonu 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

Yrpaarba LieHTpanHor cuctema rpejatba ca
pafunjatopyma Kao rpejHvM TenvMa. Pag

Ha HIKeM TeMNepaTypcKom pexnmy. Kao
rOp1BO 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

EneKkTpruHm akymynaumnoH 6ojnepu

Electric water heaters

YHanpebherse 3 Improvement 3

o
5

Yrpafrba KOMNpPecopcke TOMNOTHE Nymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTHa Nymna Ba3ayx/BOAa v CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

65%

| | |
0% 50% 100%

b — nepuop 1946-1970. B - period 1946-1970

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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 YHanpeherse 2 YHanpeherse 3
Originally Improvement 1 Improvement 2 Improvement 3
TonnoTHN ryouLn
_ 13% 13%
Heat losses 22
%
el 40%
61% 73%
o TPAHCMUCMOHM rybrum — transsmission losses BeHTUNaumnoHn 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 12 3 4 5 6 7 12 3 4 5 6 7 1.2 3 45 6 7

1- cnorbalutby 31z, 2- NPo30pHK, 3- yasHa BpaTa, 4- 31/ Ka HerpejaHom NpocTopy, 5- MefhycnpaTHa KOHCTPYKLMja MCNOZ HerpejaHor
TaBaHa, 6- MehycnpaTHa KOHCTPYKLWja M3HaA HerpejaHor noapyma, 7- nog Ha miy — 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

CneunduruHa rogmirba

noTpebHa eHepritja 3a % %

rpejarbe | | 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
69

102 178



b — nepuop 1946-1970. B - period 1946-1970

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmncmja 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/a]

o —

|
4392
6.6%

| | |
A YA
22108 37160
33.1% 55.6%

o —

A

10980
14.4%

A YA
26906 43463
35.4% 57.1%

o —

A A g A
5819 6906 10217
348% 41.3% 61.0%

o —

M

MonasHo CTarbe
starting condition

A AA ”

104 111
32.9% 35.1% 389%

0+ 9-+= @

| |
V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 yHanpehetbe 2
usual interventions improvement 1 improvement 2

66796
v

|
100%

76062

100%

®

16737

100%

100%

yHanpehetbe 3
improvement 3
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b2a
B2a

MpeAaLlwKoncKa ycTaHoBa
noBpLumHe 500-2000 m?

o @

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
MoBpLnHa (M?) HeTo rpejaHa 575 Area (m?) Net heated 575
3anpemuHa (m?) HeTo rpejaHa 1790 Volume (m?) Net heated 1790

136

CnobogHocTojeha, nprsemMHa 3rpada HaMEHCKM
npojekToBaHa 3a noTpebe MpeALWKONCKe YCTaHOBe.
CacToju ce 13 ABa Kopryca — CMeLUTajHOr 1 CePBUCHOT -
noBe3aHa yNnasHM [enoM, a jeAnHuLEe HeMajy AVpPeKTaH
“3nasy asopuwte. Kpos je cnoxeHe reomeTpuije a TaBaH-
CKM MPOCTOP Ce He KOPUCTH.

OTBOpW Cy NojeAVHauYHV — TPaaWLIMOHANHN BULe-
JefHW Npo3opu HelTo Behux AnMMeH3uja, Hajuewhe ca
MnaTHEHM pONeTHaMa 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 3vA0BVMA Of
oneke, ApBeHOM MehycnpaTHOM KOHCTPYKUMjoOM (,Ka-
paTaBaH” ca TPWYAHMM MAAGOHOM) 1 KOCUM CIIOKEHNM
KpoBom. MacafHV 31A0BK Cy 0BOCTPAHO ManTepUCaHK,
6e3 TepmumuKe 130nauvje, anu 1 6e3 gekopaTvBHe nnac-
TVKe WTO oMoryhaea jeaAHOCTaBHe Mepe eHepreTcke pe-
xabunutaumje dacage. Npo3opw Cy ApPBEHW, ABOCTPY-
KM Ca CMojeHUM KPWINMa, 3acTak/beHW jefHOCTPYKUM
cTaknom. lMogosw Cy ca ApBeHoM 0610rom 6e3 Tepmmuke
n3onaunje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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
D <50
<100
<150
<200
<250
> 250
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CKnomnoBu TeEpMUYKOT OMOTauya — noctojehe ctawe — Elements of the thermal envelope - existing

Cnosballitbm 31

External Wall

U (W/m?K)

MehycnpatHa
KOHCTpYyKLWja Mcnopa
HerpejaHor TaBaHa
Floor structure to
unheated attic

U (W/m?K)

YHyTpa Inside
Cnospa Outside

ManTep 2 cm, oneka 38 cm, MmanTep 3 cm

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

1.23

Cnosba Outside

. -

YHyTpa Inside

3emsba ca nnesom 10 ¢cm, gacke
2.4cm, TaBarbaye 14/20 cm, apBeHa
NOTKOHCTPYKLUWja 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

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
Cnosba Outside

ManTep 2 cm, oneka 38 cm, Mantep 3 cm

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

1.1

YHyTpa Inside
e

Cnorsba Outside

mmHoneym 0.2 cm, LeMeHTHa Kowwysbuua 5
cm, xuapow3sonayyja 1 cm, 6eToHcka niova
10 cm, wbyHak 10 cm, HabwjeHa 3emba

linoleum 0.2 cm, cement screed 5 cm, hydro

insulation 1 cm, concrete 10 cm, gravel
10cm, rammed earth

0.38

Cnorba Outside
YHyTpa Inside

NPBEHV IBOCTPYKM Ca Pa3aBojeHnM
KPWIMMA 1 JeAHOCTPYKMM CTaKIOM

wooden, double frame, double sash with
single glazing

350




b — nepuop 1946-1970. B - period 1946-1970

TepMOTEXHNYKM 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 LEHTPASTHOT rpejarba, Ca KOTIOM
Ha TeyHo ropwBo. KacHuje je cucrtem
rpejarba NosesaH Ha TonnaHy ca KOTNIoOM 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 MatbL fjeo objexTa
NOKPUBEH NHKAJECLEHTHVIM 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 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

MpeAlKoNcKe ycTaHOBe OBOr Twna Hajuewhe cy
bopmmpaHe Kao rpynaumja HeKONMKO YHKUMOHANHKIX
LefliHa MOBe3aHMX MPOWVPEeHNM KOMyHMKauvjaMa u
3ajefHnuUKKMM cagpajnma. OBjeKTn Cy NPU3eMHH, CBaka
GYHKUMOHaNHa rpyna noHaocob je jedHOCTaBHe reomeT-
pvje, anv 3ajefHO UmHe pasyheHy CTpyKTypy. NojeanHe
jefviHMUe VMajy AnpeKTaH 13fasy asopuLuTe.

MpeoBnahyje MaCUBHW KOHCTPYKTMBHM CK/OM, Ca
310BMMa Off OMeKe Unn rtep 6noka. KpoBoBM Cy pasHo-
BPCHM — KOCW, TpagvLMOHANHe KOHCTpyKUWje, nanT-
KV KOCW WK paBHW, HEMPOXOAHW. [1po30pu Cy ApBeHY,
ABOCTPYKM, BeNMX AMMEH3Mja M UCMyHaBajy MpOCTop
YHYTap KOHCTPYKTVBHOT 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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpebhetbe 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).

130noBatbe dacafHMx 3140Ba KOHTAKTHOM TEPMOM3ONAaLMOHOM dacafom. M3onosarbe yHyTpalkhxX 31MA0Ba Ka HerpejaHom npocTtopy.
M3onoBarbe MehycnpatHe KOHCTPYKLIMje Ka HerpejaHom TaBaHy Y3 MUHMMaHY PEKOHCTPYKUM]y crojeBa. Yrpaaka HoBKx npo3opa og MBL
npodwna ca ABOCNOJHUM V30MaLMOHUM HUCKOEMUCUOHIM CTaK/0-NakeToM (Cpedrba 3anTBEHOCT). YrpaHa HOBWX YNa3HIMX 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.

130n0Barbe pacapgHUX 31A0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. M3onosarbe yHyTpaLHbMX 3MA0Ba Ka HerpejaHoM npocTopy.
130noBatbe MehycnpatHe KOHCTPYKLMje Ka HerpejaHom TasaHy y3 MUHMMAaNHy PeKOHCTPYKUMjy cCrojeBa. V3onosare nopa Ha my y3
AeNUMUYHY PEKOHCTPYKLMJY Cnojesa. Yrpadtba HOBIX MPO30Pa Of KOMMO3UTHYX Npoduria ca TPOCIOJHUM M30MaLMOHNM HUCKOEMVCUOHVM
CTakno-nakeTom ([obpa 3anTMBeHOCT). Yrpadtba HOBYIX Ya3HMX APBEHVX KOMMO3UTHIX BPaTa Ca TePMOU30/1aLIMOHOM 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 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

YHyTpa Inside
Cnosba Outside

HEMA M3MEHA

NO CHANGES

1.23

YhyTpa Inside
Cnosba Outside

HEMA M3MEHA

NO CHANGES

1.11

Cnospa Outside

YHyTpa Inside
HEMA V3MEHA

NO CHANGES

0.78

YHanpebherbe 2 Improvement 2

YHyTpa Inside
YR YNy
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

YhyTpa Inside
Cnosba Outside

rMNC KapTOHCKa nnoya 1.25 cm,
MOTKOHCTPYKLWja/ TepmonsonaLyja

5cm, manTep 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

Cnosba Outside

rMNC KapToOHCKa nnoya 1.25 cm,
MOTKOHCTPYKUWja/ Tepmownsonatmja 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

Cnosba Outside

YHyTpa Inside

ME ponwja, Tepmomsonayvja 15 cm, aacke
24 cm, TaBarbade 14/20 cm, ApseHa
MOTKOHCTPYKUWja 6 M, ManTep Ha TpLIYaHoj
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

Cnoma Outside

YHyTpa Inside

ME dponwja, Tepmomrsonaumja 25 cm, aacke
2.4 cm, TaBarbave 14/20 cm, ApBeHa
MOTKOHCTPYKLMja 6 CmM, ManTep Ha Tpw4YaHoj
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

Moa Ha Ty

Ground floor

U (W/m?K)

[1po3opwu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

YHanpebhetbe 3 Improvement 3
YHyTpa Inside

Cnorba Outside

HEMA N3MEHA HEMA N3MEHA napkeTt 2.2 cm, UeMeHTHa KoLybuua 4 cm,
— — Tepmomsonauuja 5 cm, xuapousonaumja
NO CHANGES NO CHANGES 1cm, 6eToHcka nnova 10 cm, WwibyHak 10cm,
HabujeHa 3em/ba
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
[} [ (] (] [ (]
o ) © ) ) k)
g 2 2 2 2 £
. : 3 2 E 3
5 7 5 2 5 3
c > [ > [= i >
(e} (@) O

INBLl ca ABOCNOjJHNM HUCKOEMUCUOHMM
CTaK/0 NakeToM

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

1.40

IBL| ca ABOCNOjJHUM HUCKOEMUCUOHUM
CTaKIO NaKeToM

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

1.40

KoMno31THM Npodun ca TPOCIojHIM
HMCKOEMUCMOHUM CTaK/0 NakeTom
NCNYHEHVM MHEPTHUM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpebewa — 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

YHanpehetbe 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 akymynaumox 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NPOCTOPa: Ja/lbUHCKO rpejatbe C KOTIOM Ha
NPYPOAHY rac y TONNaHu.

The existing heating system is retained:
district heating system with natural gas fired
plant.

092

EneKkTpuuHm akymMynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMPECOPCKe TOMOTHE nymne
Ba3/Zlyx/BOfa Ca XMAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

=
TonnoTHa Nymna Basayx/Bofa vi CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

65%

| | |
0% 50% 100%

b — nepuop 1946-1970. B - period 1946-1970

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a AaHa.

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

67%

| | |
0% 50% 100%



HaumoHanHa TMnonorwvja 3rpaga npeawKkonckux yctaHosa Cpbuje  National Typology of Kindergartens in Serbia

YHanpeherbe TepMMUKOr OMOTaua — eHepreTcku bunaHc — Thermal envelope improvement — energy balance

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

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

18% 18%
319%
22%
52% 66%

450

400
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300
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200

150

100

13%

. TPaHCMUCUOHN ry6urLm — transsmission losses BeHTUNaumnoHn rybuum — ventilation losses ywrefe — savings
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b — nepuop 1946-1970. B - period 1946-1970

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

DviHanHa eHepruja 171529
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HauwvoHanHa Tvnonoruja 3rpaga NpeaLkonckmx yctaHosa Cpbuje National Typology of Kindergartens in Serbia

526
B2b

MpenwKoncka yctaHoBa
nospwuHe 500-2000 m?

I

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
MoBpLnHa (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 cnoboaHocTojehe, cnpaTHe 3rpaje, pPenatTvBHO
pasyheHe ocHoBe. HameHCKM NpojekToBaHa 3a noTpebe
NpeaLKONCKe yCTaHOBE, TUMCKa 3rpada uma sehn 6poj
CMeLLTajHNX jeauHuLa 1 npaTehe NpocTope 3a pasnuun-
Te aKTVMBHOCTU.

CBakM BOMYMEH MOHA0COO MOKPUBEH je MAUTKAM
jeAHOBOAHMM KPOBOM, BE3HW AENoBK Cy paheHn Kao
HEMpPOXoAaH paBaH KPOB, a TaBaHCKM MPOCTOP Ce He
kopucTy. OTBOPY Cy MojearHauHu anv Behrx aMmeH3uja
(MCnyHaBajy Leo KOHCTPYKTUBHM pacTep), Hajuelhe 6e3
cuUcTeMa 3a 3aliTUTy Of CyHLa.

148

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 dacaam. MehycnpaTHe
KOHCTpYyKUMje Cy cuTHopebpacTe ca TpLidaHumM nnado-
HUMa, @ KOHCTPYKLMja KOCOT KpOBa Ha Aeny 13Hap cane
cy npBeHe peleTke. QacagHn 31aoBK Cy 6e3 Tepmmy-
Ke n3onauuje, ca BUAHOM OneKkom. [1po3opn Cy ApBeHN,
[BOCTPYKM Ca CNojeHuM Kpunvma, a pacagHa bpasapuja
Y YNa3H1M XOJIOBKMA U XOAHVLUMMA je MeTasnHa 6e3 Tepmo
npeknaa. lMofosw cy Takohe 6e3 Tepmmnyke n3onauuje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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

Qg [%] Q,,, [kwh/(m?a)]
287 215
<15
<25
B <50
<100
<150
<200
<250
> 250



HaumnoHanHa Tunonorvja 3rpaga npeawKkonckux yctaHoesa Cpbuje  National Typology of Kindergartens in Serbia

CKnomnoBu TeEpMUYKOT OMOTauya — noctojehe ctawe — Elements of the thermal envelope - existing

Cnosbalutbu 3una 3 8 MehycrnpatHa Cnomba Outside
— é 3 KOHCTPYKLIWja NCMOA
External Wall =y 3 HerpejaHor TaBaHCKOr
I I}
> 5 npocTopa
ManTep 2 cm, oneka 38 cm, manTep 3 cm i X YrvTpa Inside
_ Floor construction to TP
plaster 2 cm, brick wall 38 cm, plaster 3 cm unheated attic cuTHOpebpacTa TaBaHWLa 35 cm, ApBeHa
MOTKOHCTPYKLWMja 6 Cm, ManTtep 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) 0.91
Koc kpos Cnosba Outside PaBaH KpoB Cnorsba Outside
_ _ v
Pitched roof Flat roof
YHyTpa Inside YHyTpa Inside
canoHuT, netse 8/5cm, Tep xapTwja, porosu EJTEJyHa;&?' muﬁ}fwsomauma, ""fMeHTHa
12/14cm, nnove of ApBeEHe ByHe 5 cm, Bnggbcrlr_]‘a6e$OHV 3 ﬁ;e (ﬁmﬂpffme
nacke 2.2/10 Ha pa3maky og 50 cm, pelleTka Y ! A !
100 crm, AaLyaHo nnatHo 2.2 cm cuTHOpebpacTa TaBaHuLa 35 cm, ApBeHa
o ! ’ MOTKOHCTPYKLUMja 6 CmM, ManTep Ha TPLIYaHO]
asbestos-cement roof sheet, battens 8/5cm, TMCBM 3cm
roofing paper, wood rafters 12/14, thermal ravel 6 crm. hvdro insulation. cerment
insulation 5 cm (wood-cement board), gc?e:d 3§ml thyerr?wal Isr?szlaoﬁc;rf% csn (wood-
planks 2.2cm, wooden spaceframe (100 cm N ;
height), planks 2.2 cement board), lightweight concrete to fall
ght, 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}
_ — B 2
. Q 3
Ground floor Windows 3 £
e ] 2 =
(@]
) [PBEHV 1BOCTPYKM Ca CNOJEHM KPUMA 1
Crorsa Outside JeAHOCTPYKMM CTaKIOM
nuHoneym 0.2 cm, LemMeHTHa Kowysbuua 3 - )
cm, GETOHCKa NNoYa 6CM, XMAPOM30NALa wooden, double frame, connected sash with
1 cm, 6eToHCKa noyYa 8 cm, WwibyHak 10 cm, single glazing
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
2
U (W/m?K) 041 U (W/mZK) 330
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TepMOTEXHNYKM 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 LEHTPASTHOT rpejarba, Ca KOTIOM
Ha TeyHo ropwBo. KacHuje je cucrtem
rpejarba NosesaH Ha TonnaHy ca KOTNIoOM 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 BpTrhy je y n3BopHOM 0bnrky kopuwheHo
MHKa[ECLIEHTHO OCBET/bEtbE, [IOK je npema
noctojehem CTarby MarbL fjeo objexTa
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.
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0 0.5 1

:

MeTan xanoreHe cvjanuue

Metal halogen bulbs
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CnnyHm 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

Mogmin 3rpaja NPEeAWKONCKMX yCTaHOBa CPefrbe
BeNMUMHe 3a nepuoa 1946-1970. cy cnpaTtHU objekTu,
rpaheHr HaMeHCKM, YecTo Ha BefIMKMM Mapuenama y
cknony HoBux Hacesba. Cagpke Behu 6poj jeanHuLa ca
npatehum cagpajuma.

[eomeTpuja 0BMX ObjekaTa je cBefeHa, KybuuHa, a
npeosnahyjy paBHW MV MAUTKK KOCK KPOBOBW. [po30opu
Cy NojeAavHayHK, Behvx AnMeH3vja Uan y Buay npo3op-
cKkmx Tpaka. [Npeosnahyjy ABOCTPYKM ApPBEHW Npo30opH,
anu ce Ha BeNMM 3aCTak/bEHNM MOBPLUMHAMA KOPUCTK
v 6pasapuja 6e3 Tepmonpekmnaa. OCKM MacKBHOT, youa-
Ba CE& U aPMMPAHOOETOHCKM CKeNeTHW KOHCTPYKTUBHM
cKnon. EnemeHT TepMMYKOr 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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagra HOBWX MPO30pa W ynasHux Bpata of MBL mpoduna ca ABOCIOJHUM M30MaLUMOHNM HUCKOEMUCHOHMM CTaKNO-NakeTom (cpedrba
3anTVBEHOCT).

Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

130noBatbe dacafHnx 3140Ba KOHTAKTHOM TEPMOU30NALMOHOM dacafjom. VI3onosarbe mehycnpaTHe KOHCTPYKLUMje Ka HerpejaHoM TasaHy
npeko noctojehux cnojesa. V3onoBarbe KOCOr KpoBa Ca yHyTpallke CTpaHe. VI3o10Barbe paBHOM KpoBa Y3 MUHUMANHY PEKOHCTPYKUMY
cnojesa. M3onosarbe noda Ha Ty y3 AeUMUYHY PEKOHCTPYKLM]Y Cnojesa. Yrpadkba HOBUX Npo3opa 1 ynasHux spata of MBL npoduna ca
JBOCIIOJHUM M301aLMOHNM HUCKOEMUCHOHM CTaKO-MakeToM (Cpefba 3anTvBeHOCT).

Insulation of facade walls with a contact fagade 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 3M80Ba KOHTAKTHOM TePMOU30MaLMoOHOM dacafjom. Vzonosarbe mehycnpaTHe KOHCTPYKLMje Ka HerpejaHomM TasaHy
npeko nocrojehmnx cnojesa. M13onoBarbe KOCOr KPOBa Ca yHyTpalltbe CTpaHe. /13010Batbe PaBHOr KPOBA Y3 MUHMMATHY PEKOHCTPYKLM]Y
cnojesa. V3onosarbe nofa Ha Ty y3 AeNMMUAYHY PEKOHCTPYKUM]Y Crojesa. Yrpadkba HOBKX MPO30pa W yNasHyX BpaTa Of, KOMMO3UTHUX
npodwna ca TPOCNOJHVM M30MALMOHNM HUCKOEMUCUOHIIM CTaKNOo-NakeToM (06pa 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 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
KOHCTPYKUMja 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

Cnorsba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside
A
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 1T cm

0.16

Cnosba Outside

YHyTpa Inside
HEMA VI3MEHA

NO CHANGES

0.91

Cnosba Outside

YHyTpa Inside

IE donwja, Tepmowmzonaumja 15 cm,
CUTHOpebpacTa TaBaHuLa 35 cm, ipBeHa
MOTKOHCTPYKLUMja 6 €M, ManTep Ha TpW4YaHoj
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

brbep-LiemeHT Nnoue, netee 8/5cm, Tep
xapTuja, porosu 12/14cm/ nnoye of fipseHe
ByHe 5 cm, fjlacke 2.2/10 Ha pa3maky of 50 cm,
Tepmomsonauuja 20 cm, ME donuja, peetka
100 cm, rMnc KapToHcka 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, Tepmomsonaumja 25 cm,
CWTHOpebpacTa TaBaHyLa 35 cm, ApBeHa
MOTKOHCTPYKUWja 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

bunbep-LiemeHT Nnoue, netee 8/5cm, Tep
xapTuja, porosu 12/14cm/ nnoye of fpBeHe
ByHe 5 cm, facke 2.2/10 Ha pa3maky of 50 cm,
Tepmovizonauuja 30 cm, ME donuja, pelwetka
100 cm, rMnc KapToHcka nnova 1.25 cm
¢durbpe-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

0.11
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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

XUApoun3onaLmoHa MembpaHa, Tepmovizonauyja
15 cm, ME donwja, LemeHTHa Kowysbuua 3 cm,
nnove of ApBeHe ByHe 5¢cm, 6ETOH 3a Naj MUH
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 3cm

0.18

YHanpebherbe 3 Improvement 3

YHyTpa Inside

-Crlon:a Outside

XVAPOM30NaLUMoHa MembpaHa, Tepmomr3sonauyja
25 cm, T1E donuja, LemMeHTHa Kolwysbuiua 3 cm,
nnode o ApBeHe ByHe 5 cm, 6eTOH 3a nag MUH
4cm, cuTHOpebpacTa TaBaHMUa 35 cm, ApBeHa
NOTKOHCTPYKLMja 6 CM, ManTep Ha TPLUYaHo)
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
I

Cnosba Outside

YHyTpa Inside

Cnospa Outside

YHyTpa Inside

Cnosba Outside

HEMA N3MEHA napker 2.2 cm, UemMeHTHa Kowysbuua 3 cm, napket 2.2 cm, LemeHTHa KoLysbu1ua 3 cm,
— TepmMowmsonaumja 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,
WwrbyHak 10 cm, HabujeHa 3emrba 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
[} [ [ (] [} 1 (]
he, hel S hel hel hel
2 2 2 2 2z 2
5 < S = S <
5 g E g E g
e e e
5 £ 5 e 5 B
e = 2 = 2 =
(@} (@) @)

[1BL| ca ABOCOJHMM HUCKOEMUCHOHMM CTaKSIO
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
VNHEPTHVM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpebewa — 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

YHanpehetbe 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 akymynaumox 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NPOCTOPa: Ja/lbUHCKO rpejatbe C KOTIOM Ha
NPYPOAHY rac y TONNaHu.

The existing heating system is retained:
district heating system with natural gas fired
plant.

092

EneKkTpuuHm akymMynaumnoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMPECOPCKe TOMOTHE nymne
Ba3/Zlyx/BOfa Ca XMAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

=
TonnoTHa Nymna Basayx/Bofa vi CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

65%

| | |
0% 50% 100%

b — nepuop 1946-1970. B - period 1946-1970

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 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%

) TpaHCMUCHOnM ry6rLm — transsmission losses

1400
1200
1000
800
600
400

200

~ [ I I I I

« I
~ Il

w

-

<12 <20 <38 <75
<15 <25 <50 <100
A+ A B C
| |
46 71

YHanpeherse 2
Improvement 2

19%

58%

BeHTUNaumnoHn 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- MmehycnpaTtHa KOHCTPYKLMja MCNOf HerpejaHor TaBaHa, 4- KOC KPOoB, 5- paBaH KpoB, 6- Mof 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 %



b — nepuop 1946-1970. B - period 1946-1970

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy
[kWh/a] | [ | [ |
© A A ” 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%

Emmncmja CO, HakoH
npumeHe rpaheBUHCKNX
1 TEPMOTEXHUUKKX Mepa
CO, emission after
architectural and HVAC

o —

. [

improvement ; A ;
26412 39739 62489

(kg/al 30.1% 45.3% 71.2%

Emmcmja CO, HakoH
yHanpehetba cucTema
pacseTe

CO, emission after
lighting improvement

o —

AAA ¢

[kg/al 4902 5161 5659
33.4% 35.2% 38.6%
g+ §+=m 9
| |
v MNONAa3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 yHanpehetbe 2
starting condition usual interventions improvement 1 improvement 2

337318

v

|
100%

388190

100%

14658

100%

yHanpehetbe 3
improvement 3
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¢ )
C1 T

MpeAaLlwKoncKa 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
MoBpLnHa (M?) HeTo rpejaHa 255 Area (m?) Net heated 255
3anpemuHa (m?) HeTo rpejaHa 775 Volume (m?) Net heated 775

3rpada NpeawkKosicKe YCTaHOBE Ca [Be jeAuiHN-
Lie, XONOM, CaHWUTapHUM YBOPOM M UYajHOM KyXMHOM 3a
npunpemarbe yxuHe, paheHa npema npunaroheHom
TUNCKOM NpojeKTy. MpeacTaBHMLUM OBOT TMMa Cy NPU3EM-
He 3rpaje jefHOCTaBHE, KOMMAKTHe OCHOBE, 6e3 MoA3em-
HVX eTaxka. KpoB je BOBOAHY, @ TaBaHCKM MPOCTOP Ce He
KopucTn. OTBOPU CYy Y NojeAnHaYHW, BULEAENHN NPO30-
pY @y CMeWTajH!M jearH1Lama ce NpocTUpy YUTaBOM
AYXMHOM GacafHOr 31Aa YHYTap KOHCTPYKTUBHON pacTe-
pa. JeuHWLe HeMajy AVPeKTaH 13na3 y ABopuiiTe.

ApXWUTEKTOHCKa pellerba OBWX ObjekaTa Hemajy
cneundnyHOCTY Koje b1 ycnossbasane nocebaH pexmnm
NPV eHepPreTcKoj CaHauuju.

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.



KOHCTPYKTVBHM CKNOM je MaciBaH Ca 31AOBKMa Off
rutep 610Ka, apMUPAHOOETOHCKOM TaBaHULIOM U KOCKM
[BOBOLHMM KPOBOM TPAAMLMOHANHe KOHCTpyKumje. Da-
CafiHV 31MA0BK Cy 0BOCTPaHO ManTepucaHy, 6es Tepmmny-
Ke u3onaumje, anv 1 6e3 AekopaTvBHe MNacTvKe LWTo
omoryhasa jeHOCTaBHe Mepe eHepreTcke pexabunura-
umje dacage. MNposopw Cy ApBeHW, ABOCTPYKM Ca Cnoje-
HVIM KpWMMA, 3aCTak/beH jeAHOCTPYKMM CTaknom. [1o-
[0BM Cy paheHn Ha OeTOHCKO] mnoun 6e3 Tepmumuke
n3onaunje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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
(B <50
<100
<150
<200
<250
> 250
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CKnomnoBu TeEpMUYKOT OMOTauya — noctojehe ctawe — Elements of the thermal envelope - existing

Cnosballksen 31a

External Wall

U (W/m?K)

MehycnpatHa
KOHCTPYKUWja NCNOA
HerpejaHor TaBaHCKor
npocTopa

Floor construction to
unheated attic

U (W/m?K)

lNoa Ha Ty

YhyTpa Inside
Cnorpa 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

Npo3opwu

Windows

YHyTpa Inside

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,LemeHTHa Kowysbuua 2.8cm,
nepanT 6eToH 6 CM, XMAPOoV3onaumja,
6eToHCKa nnoya 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

0.48

Cnorba Outside
YHyTpa Inside

LPBEHV 1BOCTPYKM Ca CMOJEHMM KpUMa 1
je[HOCTPYKVM CTaKoM

wooden, double frame, connected sash with
single glazing

3.30




Ll - nepnop 1971-1990. C - period 1971-1990

TepMOTEXHNYKM CUCTEMU 1 OCBETIbeRe — 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

YHyTpalutba pacBeTa

Interior lighting

Y N3BOPHOM CTatby 3rpaja ce 3arpesana
nyTem floKasHyx 3arpesHux ypehaja - nehu
Ha yBpCTO ropueo (50% ApBo v 50% yrar).
KacHuije 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 BpTriha je nokprseH
bnyopecUeHTHUM OCBETIbEHEM a
MatbV eN0oBU MHKagecueHTHMM 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 Tore Boae

Domestic hot water
(DHW) preparation

[Mprnpema noTpoLLHe Tonne Bofe Huje
system

6vina npeasubera npojekTom. JaHac

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.

CTeneH Kop1CcHOCTH
npunpeme CaHUTapHe

ToMnse Boge

— 0.92

DHW preparation I I I
: 0 05 1

efficiency

CnosbHa paceeTa g

Outdoor lighting

KreuHe crjanuue

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

3rpafie NPEeAWKONCKMX YCTaHOBa OBOr TWMA, WaKo
Cy uecTo paheHe kopulhersem TUMCKMX yHKUMO-
HaNHWX CKOMOBA, WCKasyjy M3BECHY Pa3HOBPCHOCT Y
obn1KoBarby ¥ MaTepujanusaumjn. Pagn ce o cnoboa-
HocTojehrm 06jeKTrMa, KoMNaKTHe 1nu cnabo pasyheHe
OCHOBe, Ca HEKOAMKO JeAVHMLIA 1 OCHOBHUM npaTehinm
CappKajrma.

MpeoBnahyje MacMBaH KOHCTPYKTVBHM CKOM W
KOCW KpOBOBW TpaAMLMOHANHe ApBeHe KOHCTPyKUMje.
Mpo3opu cy ApBeHy, Behnx avmeH3unja, 1 Kod CMeLITaj-
HUX JeAVHMLA Ce NPOCTUPY LEenom Ay>KMHOM dacagHor
3upa. EnemeHT TepMmMYKor OmOTaua YriaBHOM HUCY
130M10BaHM.

= | RiaRg
— u,ih

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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpehetse 3

Improvement 3

V13onoBatbe pacaHVIX 31110Ba KOHTAKTHOM TepMou30aLvoHoM dacafom. Yrpadka HOBYX NPo3opa 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).

1130n0Barse dacanHnx 31Ma0Ba KOHTAKTHOM TePMOU30NaLMOHOM dacajom. VI3onoBarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
npeko noctojehux cnojesa. M3onosarbe nofa Ha Ty y3 AeNVMUYHY PEKOHCTPYKLMJY CrojeBa. Yrpafrba HoBvx nposopa of MBL npoduna
Ca [BOCNOJHAM M30MALMOHMM HUCKOEMUCHMOHWM CTaKNO-NakeToM (Cpedra 3anTuBeHOCT). Yrpadrba HOBYX YNasHUX APBEHMX BpaTa ca
TEPMOW301aLMOHOM UCTYHOM.

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.

1130noBatbe dacagHMx 3M40Ba KOHTAKTHOM TePMOU30aLMOHOM dacaom. V3onosarbe mehycnpaTHe KOHCTPYKUMje Ka HerpejaHoM TaBaHy
npeko noctojehunx cnojesa. 13onosarbe NOAa Ha Ty Y3 AENUMUYHY PEKOHCTPYKUM]Y ClojeBa. Yrpafra HOBMX MPO30Pa Of KOMMO3WTHYIX
npodwrna ca TPOCNOJHUM M30MALMOHUM HUCKOEMCMOHUM CTaKNO-NakeTom (4obpa 3anTBeHOCT). Yrpairba HOBUX YNa3HMX KOMMO3WTHYIX
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, Tepmonsonaumja 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

|

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

YHyTpa Inside

Cnosba Outside

0.16

Cnosba Outside

YHyTpa Inside

ME donwja, Tepmomnsonauuja 15 cm, mantep
0f} CTPYroT1Ha 5 cm, apM1paHo BeToHCKa
nnova 20 cm

PE foil, thermal insulation 15 cm, wood-
cement plaster 5cm, conrete slab 20cm

0.22

Cnosba Outside

YHyTpa Inside

ME donwja, Tepmomnsonauuja 25 cm, mantep
0f} CTPYroT!Ha 5 cm, apM1paHo BeToHCKa
nnova 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

Moa Ha Ty

Ground floor

U (W/m?K)

[po3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

A AN ST ARARA,

Cnosba Outside

YHanpeberbe 3 Improvement 3
YHyTpa Inside

brsarrsssansrszsysne

Cnorba Outside

HEMA N3MEHA napkeT 2.2 Cm,LeMeHTHa Kolwysbula 3 ¢m, napkeT 2.2 cm,LemMeHTHa Kowysbrua 3 cm,
— Tepmou3onauwja 5 cm, nepaut 6eToH 6cm, Tepmomsonauuja 10 cm, nepnut 6eToH 6¢m,
NO CHANGES Xuapomsonatmja, 6eToHcKa nnova 8 cm xvapou3sonauuja, 6eToHcKa nnoya 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
0.48 0.28 0.20
(] (o} [} (5} [ 1 (]
o hel o el hel o
E ‘© E © E @
8 < Cj) < 8 £
© © o
© o I o3 I ==
5 Ea 5 £ 5 e
el PS 2 > g >
(@] (@) (@)

INBLI ca ABOCNOJHUM HUCKOEMUCUOHMM
CTaKNMO NakeToM

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

1.40

IBL| ca ABOCIOjJHNM HUCKOEMUCUOHUM
CTaKfo NakeToM

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

1.40

Komno3uTtHy npodun ca TPOCOjHMM
HVCKOEMUCMOHUM CTaK/0 NakeTom
NCMYHEHVIM UHEPTHUM racom

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

0.80
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CucTem rpejama 3rpage — yHanpehewa — Heating system — improvements

CucTtem 3arpeBarba
npocTopuja

Heating system

EdukacHocT n3Bopa
Tonnote

Heat source efficiency

EdunkacHocT cuctema
rpejarba

Heating system
efficiency

[pnnpema caHuTapHe
TOonne Boae

Domestic hot water
preparation

YHanpehetbe 1 Improvement 1

Yrpafrba LieHTpanHor cuctema rpejatba ca
pafvjatopriMa Kao rpejHium Tenuma. Kao
rOPYBO Ce KOPUCTU MPUPOAHY rac.
Installation of central hydronic system with
radiators. The heating source is natural gas-
fired boiler.

0.86

EnexkTpuuHm akymynaumonu 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

Yrpaarba LieHTpanHor cuctema rpejatba ca
pafunjatopyma Kao rpejHvM TenvMa. Pag

Ha HIKeM TeMNepaTypcKom pexnmy. Kao
rOp1BO 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

EneKkTpruHm akymynaumnoH 6ojnepu

Electric water heaters

YHanpebherse 3 Improvement 3

o
5

Yrpafrba KOMNpPecopcke TOMNOTHE Nymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTHa Nymna Ba3ayx/BOAa v CONapHw
cuctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).
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Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

59%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 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%

) TpaHCMUCHOnM ry6rLm — transsmission losses

~ N

o | [ | [ | [ |

w
w

400

350

300

250

200

150

100

YHanpeherse 2
Improvement 2

BeHTUNaumnoHn 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 1 2 3 4 5

1- cnosbalukby 31g, 2- NPo3opw, 3- ynasHa Bpata, 4- MehycnpaTHa KOHCTPYKLWja MCNOA 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 %



Ll — nepnop 1971-1990. C - period 1971-1990

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — 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%
MpymapHa eHepruja 1$52

e ]

|
[kWh/a] 0 a a 50 n 100%
13807 34918 64752
13.6% 34.4% 63.8%

Emmncmja CO, HakoH
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa

CO, emission after
architectural and HVAC
improvement

o —

A A 50 A 100%

7318 9266 15233
[kg/al 324%  410% 67.4%
Emucuja CO, HakoH @ A & B8
yHanpehetba crictema 2009

pacsete v
- |
CO, emission after
lighting improvement

A KA 50 100%

[kg/al 792 829 914
39.4% 41.3% 45.5%

Q-+ 9+= @

o —

| | |
v MNONAa3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 a yHanpehetbe 2 a yHanpehetbe 3
starting condition usual interventions improvement 1 improvement 2 improvement 3
| |



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

Li2
C2

MpeAaLlwKoncKa ycTaHoBa
noBpLumHe 500-2000 m?

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
MoBpLnHa (M?) HeTo rpejaHa 1530 Area (m?) Net heated 1530
3anpemuHa (m?) HeTo rpejaHa 5940 Volume (m?) Net heated 5940

CnobopHocTojeha 3rpafa, HaMEHCKM NpPOojeKToBaHa
3a noTpebe npeaLIKoncke yctaHose. CacToju 13 Ca [iBa
CMaKHyTa TpaKTa - MPU3eMHOr 1 CNpaTHOr - 1 1Ma Behn
6poj CMelTajHUX jedMHMLA Kao U npatehe npocTope
3a pasnuunTe akTMBHOCTW. JeAVHULE 3a CTapuje rpyne
MOTY VMMaTVi AMPETaH 13nasak y ABopuiiTe. KpOoBOBM Cy
jeAHOCTaBHW, ABOBOMHMW.

MacagHy otBOpM Cy Behwx AMMeH3Wja 1 MChyrba-
Bajy LeO KOHCTPYKTVBHM pacTep, Hajuewhe 6e3 cucTe-
Ma 3a 3alTUTY Of CyHLa U Ca MiaTeHNM poneTHama ca
YHyTpaLllkbe 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 OETOHCKMM KPOBHMM Maovama. Kpososu
Cy 130/10BaHM NnoYama apeeHe ByHe febrbrHe 5cm. Oa-
CaflHV 3140BM Cy Of NyHe oneke Aeb/bMHe 38cm mnun'y
BMAY CEHABWY 310Ba O BETOHA 1 NyHe oneke ca TepMo-
“3onaumnjom of Tapornopa y AebsbrHu o 5¢cm. Mpo3opw
Cy IPBEHM, ABOCTPYKM Ca CMOjEHUM KPUIIMMA, 3aCTaK/be-
HW JeHOCTPYKNM CTaK/IOM.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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
(B <50
<100
<150
<200
<250
> 250




HaumoHanHa TMnonorwvja 3rpaga npeawKkonckux yctaHosa Cpbuje  National Typology of Kindergartens in Serbia

CKnomnoBu TeEpMUYKOT OMOTauya — 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 cm/ Tepmousonaunja 5cm
(xepaknuT), apMmnpaHy 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

apmypaHy 6eToH 15 cm, TepMoun3onauyija
5cm (xepaknuT), dacafHa oneka 12cm

concrete 15cm, thermal insulation 5cm
(wood-cement board), facade brick 12cm

0.97

YHyTpa Inside
]

Cnosba Outside

nmHoneym 0.2 cm, LieMeHTHa KoLy buLa
5cm, xuaponsonauwja 1 cm, 6eToHcka
nnova 10 cm, WwWibyHak 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 CTaKIoOM

wooden, double frame, connected sash with

single glazing

3.30




Ll - nepnop 1971-1990. C - period 1971-1990

TepMOTEXHUYKM 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

YHyTpallitba paceeTa

Interior lighting

Y U3BOPHOM CTatby y BpTUhY je brno
MHCTanMpaHo LeHTPanHo rpejarbe ca
KOT/IOM Ha TeYHO ropwBo. Taj crcTem ce
KOpUCTY 11 faHac.

Originally, centralized heating system with
liquid fuel fired boiler was installed. The
same heating system is in use nowadays.

0.79

Lighting system

¥ A

INpema noctojehem CTarby Marbi A€o
06jeKTa NMOKPVBEH je MHKaAeCLEeHTHIM
ocBeT/beHem, a Behn dryopecueHTH!M
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
ToMnse Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHuTapHa Tonna Boga ce npunpema y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.

092

0.5 1

.

KreuHe crjanuue

Mercury vapor bulbs



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

CnnyHm 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

HajsacTyn/beHujy  TMn NpefLKonck1Mx — yCTaHOBa
KapaKTepulle Befvka Pa3HOBPCHOCT apXUTEKTOHCKMX
pelerba. Mpeosnahyjy 3rpage cnpatHocTn M+1, anu cy
yecTe 1 NpM3emMHe, Kao 1 3rpaje ca ABa cnpara.

Y maTepujanusaumin ce, Takohe, npumehyje pasHo-
BPCHOCT KOja OAroBapa BapuWjeTeTy apXUTeKTOHCKMX
pelerba. lNpeosnahyjy apM1MpaHOOETOHCKN CKeneTHM
cnCTeEMY, OK Cy Kofd dacafla Haj3acTyrm/beHuju H6eToH
M OMeKapCKu enemeHT (BUAHW Wnu mantepucanuv) y
3VA0BMMa ,CEHABMY" KOHCTPYKUMje. [po3opn cy ApBe-
HW, ABOCTPYKM, Behux anmeH3uja. Hajsehu aeo Tepmmu-
KOr OMOTaua je AebsbrHe Koja He 33a10BO/baBa aKTyesHe
nponwce.

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.



Ll - nepnop 1971-1990. C - period 1971-1990

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagra HOBWX MPO30pa W ynasHux Bpata of MBL mpoduna ca ABOCIOJHUM M30MaLUMOHNM HUCKOEMUCHOHMM CTaKNO-NakeTom (cpedrba
3anTVBEHOCT).

Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

V130n0Batbe GpacapHnx 3MA0Ba KOHTAKTHOM TEPMOV30NaLIMOHOM dacafom. 130n10Bae KOCor KpoBa y3 MOTMyHy PeKOHCTPYKLMjy Cojesa ca
Cnorballtbe CTpaHe. Yrpafrba HOBMX Mpo30opa v ynasHux Bpata oA MBL npoduna ca ABOCIOJHUM M30MaLMOHNUM HACKOEMUCUOHUM CTaKno-
nakeTom (Cpefirba 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 pacapgHWX 31MA0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM Gacafom. 3onosarbe KOCOr KPOBa Y3 MOTMYHY PEKOHCTPYKLWjy Cnojesa
Ca Cnosballtbe CTpaHe. V3onosarbe Noda Ha TNy y3 AeNUMUYHY PEKOHCTPYKLM)Y ClojeBa. Yrpafrba HOBUX MPO30pa ¥ yNasHUX Bpata of
KOMMO3WTHYX Npoduna ca TPOCIOjJHUM U30NALMOHKIM HUCKOEMCUOHUM 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

(] = -2 = [}

he) he)

2 =

8 .

£ 2

= 2
()

HEMA N3MEHA

NO CHANGES

123

YHanpehetbe 1 Improvement 1

(] [}

k) k)

I= i

2 5

= £

= e
|}

HEMA N3MEHA

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,

ManTep 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
ManTep 2 cm, oneka 38 cm, mantep 3 ¢cm,
Tepmomsonauuja 20 cm, mantep 1.cm

YHyTpa Inside

Cnosba Outside

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

apmupaHu 6eToH 15 cm, TepMoun3onauyja
5cm (xepaknuT), dacagHa oneka 12cm,
Tepmousonauuja 10 cm, mantep 1cm
concrete 15cm, thermal insulation 5cm
(wood-cement board), facade brick 12cm,
thermal insulation 10cm, plaster Tcm

0.27

YHanpebherbe 3 Improvement 3

YHyTpa Inside
Cnosba Outside

apmupaHv 6eToH 15 cm, TepMounsonauja
5cm, dpacagHa 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

YHyTpa Inside

NMM, Tep Nanvp, AallyaHa onnata 2.4 cm,
anctanHuepw 5/20 cm/ Tepmousonauyja
20cm, 6eToHcKka nova 16 cm

metal sheet, roofing paper, planks 2.4cm,
spacers (battens) 5/20cm, thermal insulation
20cm, concrete 16cm

0.15

Cnoma Outside

YHyTpa Inside

NM, TEp Nanvp, AallyaHa onnata 2.4 cm,
ancranuepw 5/30 cm/ Tepmousonauyja
30cm, 6eToHcKka nova 16 cm

metal sheet, roofing paper, planks 2.4cm,
spacers 5/30cm, thermal insulation 30cm,
concrete 16cm

0.1




Ll — nepnop 1971-1990. C - period 1971-1990

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

Moa Ha Ty

Ground floor

U (W/m?K)

[po3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1
YHyTpa Inside

Cnospa Outside

YHanpehetbe 2 Improvement 2
YHyTpa Inside

Cnosba Outside

YHanpeberbe 3 Improvement 3

YHyTpa Inside

Cnorba Outside

HEMA N3MEHA HEMA N3MEHA napkeTt 2.2 cm, UeMeHTHa KoLybuua 3 cm,
— — Tepmomsonauuja 5 cm, xuapovisonauuja
NO CHANGES NO CHANGES Tcm, 6eToHcka nnova 10 cm, WwibyHak 10 cm,
HabujeHa 3emba
parquet 2.2 cm, cement screed 3 cm,thermal
insualtion 5cm, hydro insulation 1 cm,
concrete 10 cm, gravel 10 cm, rammed earth
0.31 0.31 0.20
(] (o} [} (5} [} (]
jel ie] ° ° ie] °
g £ g £ 2 £
3 g 3 g 3 -
2 > 2 > & >
g = 2 = e =
(@] (@) (@)

INBLI ca ABOCNOJHUM HUCKOEMUCUOHMM
CTaKNMO NakeToM

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

1.40

IBL| ca ABOCIOjJHNM HUCKOEMUCUOHUM
CTaKfo NakeToM

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

1.40

Komno3uTtHy npodun ca TPOCOjHMM
HVCKOEMUCMOHUM CTaK/0 NakeTom
NCMYHEHVIM UHEPTHUM racom

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

0.80
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Cnctem rpejarba 3rpage — yHanpebewa — 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

YHanpehetbe 1 Improvement 1

Yrpagrba HOBOT KOT/a Ha YBPCTO rOPYBO,
KOj1 KOPUCTH APBHY Oromacy.

Installation of new boiler that uses wood
biomass as the nergy source.

0.85

EnekTpuuHm akymynaumox 6ojnepm

Electric water heaters

YHanpeherbe 2 Improvement 2

Yrpafrba HOBOT KOT/A Ha UBPCTO rOPYBO,
KOji1 KOPUCTY APBHY OroMacy.

Installation of new boiler that uses wood
biomass as the nergy source.

0.91

0.85

EneKkTpuuHM akymMynaumoHw 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpafrba KOMNpPecopcke TOMNOTHE Nymre
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

2.88

TonnoTHa Nymna Basayx/Bofa vi CONapHw
cunctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



Ll - nepnop 1971-1990. C - period 1971-1990

Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

() TpaHCeMUCHOHN TyBuLM — transsmission losses

1200

1000

800

600

400

200

YHanpeherse 1
Improvement 1

1200

1000

600

400

200

24%

29%

1200

1000

800

600

400

IIII h

1

2 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

<12
<15
A+

<20 <38 <75

<25 <50 <100 <150
A B
|

C
|

YHanpeherse 2
Improvement 2

24%

BeHTUNaumnoHn rybuum — ventilation losses

YHanpeherse 3
Improvement 3

54% i

ywrefe — savings

1200

1000

800

600

400
12 3 4 12 3 4
145 195
| | kWh/m? a

<188 >188 500

<200 <250 >250 rel %



Ll - nepnop 1971-1990. C - period 1971-1990

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmncmja 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/a]

0 AIAA 50

0 AIAA 50

0 AKA 50

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%

ONOXC)

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

148739

-4

100%

100%

yHanpehetbe 3
improvement 3



HauuoHasHa TMnonoruja 3rpada NpeaLwKonckumx yctanosa Cpbuje

National Typology of Kindergartens in Serbia

C3

L3

MpepwkKoncka yctaHoBa
noBpLmHe 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
MoBpLnHa (M?) HeTo rpejaHa 1915 Area (m?) Net heated 1915
3anpemuHa (m?) HeTo rpejaHa 6450 Volume (m?) Net heated 6450

Srpa,qe NPeALWKONCKNX yCTaHOBA Beher kanauuTe-

Ta rpaheHe cy Tokom 1970-mx 1 1980-vx Kao CnpaTHM

06jeKkTu, pasyheHe reomeTpuje, Ca jacNeHnm jeanHULN-
Ma Ha CnpaTy a CTapujm rpynama v npatehnm cagpaju-
Ma y npusemsby, ca MoryRHowWwRy 13nacka y asopuliTe.
KpoBOBM Cy KOCW, CIIOKEHE reoMeTpYje.

OTBOPW Ha CMeWTajHUM jeduHULaMa Cy y Buay
NPO30PCKUX Tpaka Koje ce MPOCTUPY LENOM AY>KMHOM
dacagHor 31aa, a 3axBasrbyjyhn pasyheHoj ocHoBM 06e3-
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 Yy MacVBHOM apMMpPaHOOETOH-
CKOM CUCTEMy, Ca OETOHCKMM TaBaHMUama 1 ApPBEHOM
KPOBHOM KOHCTPYKUMjom. DacafiHW 31O0BK CY Maxom
CeHBMY KOHCTPYKLMjE Ca apMUPAHNM BETOHOM, TEPMO-
13051auUmnjom 1 pacagHOM OneKoM. Y CKIoMy KOCOT KpoBa
Tepmousonaumja je y aebrsnHm poroea (12cm). Mpo3zopu
Cy APBEeHN, jeHOCTPYKMN, 3aCTaKk/beHW ABOCTPYKUM Tep-
MOW30MaLUMOHNM CTaknoMm. [ogoBu cy paherun y ckna-
[y Ca HaMeHOM MpOoCTopwje, Ha BeTOHCKOj mnoun 6e3
TepmMmovzonauuje.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

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
D < 50
<100
<150
<200
<250
> 250
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CKnomnoBu TeEpMUYKOT OMOTauya — 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
Cnorpa Outside

apMypaHu 6eToH 16 cm, Tepmounsonauja

4cm, dacagHa oneka 12 cm

concrete 16cm, thermal insulation 4cm,

facade brick 12cm

0.60

Cnosba Outside
—_—

YHyTpa Inside

upen, netse 5/3 cm, Tep Nanup, Porosu
12cm /Tepmousonaumja 12cm, MBL donuja,
netse 5/3 cm, rMNC KapToOHCKe 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

nuHoneym 0,2 cm, LemeHTHa

KOLy/byLa 4cm, 6eTOHCKa noya 5 cm,
Xvapousonatmja, apMmpaHo 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
KOHCTPYKLWja NCTIOA
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 jeHOCTPYKY Ca
CTaknom

wooden singleframe with double glazing

3.10

YHyTpa Inside

LBOCTPYKMM




Ll - nepnop 1971-1990. C - period 1971-1990

TepMOTEXHNYKM 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/bema

YHyTpalutba pacBeTa

Interior lighting

Cuctem LeHTPanHor rpejarba ca
paanjaTopunma Kao rpejHM Tenvma. 3rpaga
je nosesaHa Ha cycTeM arbUHCKOT rpejarba,
ay TOMMaH 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 MHKAAEeCLEHTHIM
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 Bofe

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHuTapHa Tonna Boga 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 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

Y 3rpagama OBOr TWMa CMeLTeHe Cy KOMOMHOBaHe
Jeunje ycTaHoBe Beher kamauuTeTa, Hajuewhe npea-
BrheHe 3a rpyne CBUX y3pacTta 1 ca 6pojHum npatehm
cafnpajuma. ObjekTn cy pasyheHe oCHOBE, CMPATHOCTK
M+1, pehe M+2.

Mpeosnahyjy cKeneTHu APMMPAHOOETOHCKM
KOHCTPYKTVBHWM CKNOM U KOCKU KDOBOBK, Mafa Cy MPUMET-
Ha OACTYNarba MOjeANHNX KOHCTPYKTUBHYIX efleMeHaTta y
O[IHOCY Ha OCHOBHY TUMNCKK objeKaT. DacaaHn 3Ma0BM CY
Pa3INYNTI CKOMOBK ,CeHABMY" KOHCTPYKLUWje. [Tpo3opn
Cy Maxom y BuMay MpO30PCKMX Tpaka, APBEHW, ABOCTPY-
Ku. BehnHa enemeHaTa TepMMUKOr OMOTauYa je 1305108Ba-
Ha, CyNCTaHAapAHO NPemMa JaHallkMM NPONUCUMA.

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

3ateveHo ctabe — Existing state

[NpeTxogHa
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

YHanpebhetrbe 1

Improvement 1

YHanpebhetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

Yrpagra HOBWX MPO30pa W ynasHux Bpata of MBL mpoduna ca ABOCIOJHUM M30MaLUMOHNM HUCKOEMUCHOHMM CTaKNO-NakeTom (cpedrba
3anTVBEHOCT).

Installation of new PVC windows and entrance doors with double-glazed low-emissivity glass unit (mid-range air-tightness).

130n0Batbe pacapHWX 3MA0Ba KOHTAKTHOM TEPMOM30M1aLUMOHOM Gacafom. V3onosarbe yHyTpalHbKX 3MA0BA Ka HErpejaHoM npocTopy.
13onoBarbe KOCOr KpoBa y3 AeNMMUYHY PEKOHCTPYKLM]Y CojeBa ca Crosbalutbe CTpaHe. 3onoBare mehycnpaTHe KOHCTPYKLMje 1CMOA
HerpejaHor npoctopa npeko noctojehix cnojesa. Yrpaara HOBMX NPo30pa 1 ynasHux spata o MBL npoduna ca ABOCNOjHMM VM30MaLMOHUM
HVCKOEMMUCUOHKM CTaKS10-MakeToM (Cpeaba 3anTBeHOCT).

Insulation of fagade 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).

130n0Barbe pacapgHUX 31A0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. M3onosarbe yHyTpaLHbMX 3MA0Ba Ka HerpejaHoM npocTopy.
/130n0Batbe KOCOr KPOBa Y3 AENVIMUYHY PEKOHCTPYKLM]Y ClojeBa Ca Crosballitbe CTpaHe. /13onosarse mehycnpaTHe KOHCTPYKLUMje UCTMOA
HerpejaHor Npoctopa Npeko noctojehunx cnojesa. 13onosarbe Nofa Ha Ty y3 AeNMMUYHY PEKOHCTPYKUM]Y ClojeBa. Yrpadrba HOBKX NPO30pa
11 yNa3HUX BpaTa Off KOMMO3UTHMX NPOodKNa ca TPOCTOJHMM M30NALMOHNM HUCKOEMMCUOHMM CTaKNO0-MNakeToM (fobpa 3anTneeHoCT).
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

YHanpehetbe 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.60

Improvement 1

Cnosba Outside

<
T
Q
|
s}
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

apmMupaHu 6eToH 16 cm, TepMoun3onauja
4cm, dacasiHa oneka 12 cm, Tepmousonaumja
10 cm, mantep T cm

concrete 16¢m, thermal insulation 4cm,
facade brick 12cm, thermal insulation 10,
plaster Tcm

0.23

YHanpebherbe 3 Improvement 3

i

apmMypaHu 6eToH 16 cm, TepMoun3sonauja
4cm, dacasiHa oneka 12 cm, Tepmousonaumja
20 cm, mantep 1 cm

YHyTpa Inside
Cnosba Outside

concrete 16¢cm, thermal insulation 4cm,
facade brick 12cm, thermal insulation 20,
plaster Tcm

0.14

YHanpehere 2 Improvement 2

YHyTpa Inside
Cnora Outside

rMNC KapToOHCKa 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/ Tepmownsonaumja 10 cm,
apmMypaHu 6eToH 16 cm

gypsum board 1.25 cm, substructure/thermal
insulation 10 cm,concrete 16 cm

0.32

Cnorsba Outside

YHyTpa Inside

upen, netee 2x5/3 cm, Tep Nanvp, AallvaHa
onnata 24 cm, gnuctanuepw 5/15 cm/
Tepmousonauuja 15 c¢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, neTse 2x5/3 cm, Tep Nanvp, AaliyaHa
onnata 24 cm, gnuctanuepw 5/25 cm/
Tepmousonauuja 25 cm, porosu 12 cm/
Tepmomsonauuja 12cm, MBL donuja, netse
5/3 cm, rtMnc 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

KOHCTpYyKUMja 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, Tepmomsonauwmja 15 cm,
apmvipaHu 6eToH 20 cm

PE foil, thermal insulation 15cm, concrete
20cm

0.23

YHanpeberbe 3 Improvement 3

Cnorsba Outside

I

YHyTpa Inside

ME donwja, Tepmomrsonaumja 25 cm,
apmypaHu 6eToH 20 cm

PE foil, thermal insulation 25cm, concrete
20cm

0.14

YHyTpa Inside

Cnospa Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

R A TR

Cnosba Outside

HEMA N3MEHA HEMA M3MEHA napkeT 2.2 cm, LUemMeHTHa Koy buua 4 cm,
— — Tepmom3onaumja 5 cm, 6eToHcKa nnoya 5 cm,
NO CHANGES NO CHANGES X1APOV30aumja, apMrMpaHo 6eTOHCKa niova
8 cm, WbyHak 15 cm, HabujeHa 3emsba
parquet 2.4 cm, cement screed 4 cm,
thermal insulation 5cm, concrete 5cm, hydro
insulation, concrete 8 cm, gravel 15 cm,
rammed earth
0.38 0.38 0.23
[} [ [ [ [ [
e, el el el o e,
g 2 2 g= 2 2
3 5 F g 3 g
5 i - 2 = 2 =
g = 2 = 2 =
v} @] @]

[1BL| ca ABOCNOJHUM HUCKOEMUCUOHMM
CTaKs0 NakeTom

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

1.40

[1BL| ca ABOCNOjJHUM HUCKOEMUCUOHUM
CTaKJIo NakeTom

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

140

KomMno3uTHu Npodun ca TpoCojHAM
HUCKOEMUCHOHMM CTaKNO NakeToM
MCMYHEHVUM MHEPTHUM racoM

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

0.80
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Cnctem rpejarba 3rpage — yHanpebewa — 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

YHanpehetbe 1 Improvement 1

3afpaH je noctojehu 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

I':I ‘
EneKTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NPOCTOpa: AabUHCKO rpejatbe C KOTIOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:

district heating with natural gas fired plant.

092

I':I ‘
EneKTpuuHYM akymynaLmoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMPECOPCKe TOMOTHE nymne
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

et u

TonnoTtHa Nymna Ba3ayx/BOAa v CONapHw
cnctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).
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Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

65%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

YHanpeherse 1
Improvement 1

25%

21%

) TpaHCMUCHOnM ry6rLm — transsmission losses

1400
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[ee]
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YHanpeherse 2
Improvement 2

BeHTUNaumnoHn rybuum — ventilation losses

1400
1200
1000

800

600

i
7

—
OI
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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- cnosbalukbi 31g, 2- NPo30pwy, 3- BpaTa, 4- KOC KPOB, 5- 31f Npema HerpejaHom TaBaHy, 6- MehycnpaTHa KOHCTPYKLMja 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 TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — 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 2244971 3&626
6.5% 430% 72.8%
MpymapHa eHepruja 604295
v

e o ————— ———

[kWh/a] o a a 50 ﬁ 100%
85205 276545 447766
14.1% 45.8% 74.1%
Emmncmja CO, HakoH .
npuMeHe rpaheBUHCKIX
1 TEPMOTEXHUYKMX Mepa 137994
|

oy emission after _
architectural and HVAC

improvement o a 50 a n 100%
45159 72444 106688

lkg/a] 32.7% 52.5% 77.3%

Emmcuja CO, HakoH A @ 8

yHanpeherba cicTema 3552

pacseTe

- |

lighting improvement I I

A A A 50 100%

[kg/al 1188 1251 1372
33.4% 35.2% 38.6%

Q- 9-+= @

o —

| | |
v MNONAa3Ho CTatbe V Hajuewhe nHTEPBEHUMjE ﬁ yHanpeheroe 1 yHanpehetbe 2 a yHanpehetbe 3

starting condition usual interventions improvement 1 improvement 2 improvement 3






D period after 1991
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MpepwkKoncka yctaHoBa
noBpLumHe 500-2000 m?

A7 =

Kindergarten
with area 500-2000 m?

Kateropwja NpPefWwKoNCcKa yCTaHOBa 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
MoBpLnHa (M?) HeTo rpejaHa 1450 Area (m?) Net heated 1450
3anpemuHa (m?) HeTo rpejaHa 5350 Volume (m?) Net heated 5350

3rpana NpeaLwKkoncKke yCctaHoBe HoBUMjer fJatyma 1ma
npusem/be 1 NoByyYeHn cnpar. OCm Ocam CMeLTajHIX
jennHmLa, y 0bjeKkTy Ce Hanase v oCTanu KOMMIeMEHTapHN
Cappxajn npeasrheH 3a KOMOMHOBaHE feunje yCTaHoBa
osor Tina. Ctapuje rpyne, CMeWTeHe Y Npusemby, VMajy
AVIPEKTaH 13na3 y ABopuLTe. KpoBOBM Cy PaBHW, HEMpo-
xoaHN. OTBOPW CYy BULIEAETHN, 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.



]
8
[ ] (]
o om

ObjekaT je paheH cy y CKkeneTHOM apMVPaHOOETOH-
CKOM CnCTeMY, Ca TaBaHMLamMa of MyHKx OETOHCKUX MI10-
ua. GacagHn 3MA0BU Cy CEHABMY KOHCTpyKUMje (rnTtep
610K, TepMoM30naLUMja 1 NyHa oneka), 000CTPaHO Ma-
TepucaHun. HempoxopaH pasaH Kpos vma XPS Tepmo-
nzonaunjy nebrorHe 12cm. MacagHa ctonapuja je Kom-
6vHaumMja NNacTMOUUMPaHOr anyMnHMjymMa W APBETa,
3aCTak/beHa ABOCTPYKMM TEPMOM30NALMOHNM CTAKIOM.
Moposw cy paherr Ha 6ETOHCKO] M10YKM Ca TepMOW30Na-
LMOHMM CIIOJeM.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

[ - nepviog 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

Qe %] Q,,, [kWh/(m?a)]
110 82

<15

<25

B <50
<100
<150 n
<200

< 250

> 250
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CKnomnoBu TeEpMUYKOT OMOTauya — 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 gponuja, tepmovisonaumja

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,
anymvHmujymcka ¢ponmja, Tepmonsonalmja
8cm, oneka 12cm, mantep 2.5cm

plaster 2cm, clay block 25cm, Al sheet,
thermal insulation 8cm, brick 12cm, plaster

2.5cm

032

(] = i ol 1)

© o

z 2

= S

©

o ©

> 2

= 2
(@}

U (W/m?K)

ManTep 2cm, apmmpanu 6etoH 16 cm,
anymvHmujymcka gonuja, Tepmonsonalmja 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

YHyTpa Inside

W/byHaK 5 cm, xuapowvsonauuja 1 cm, naku
6eToH 3a nag 3-30cm, Tepmom3sonauja

12 cm, BUTyMeHcCKa Tpaka ca an. ponmjom,
apmMrpaHobeToHCKa nnova 20 cm, BasayLwHK
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, LleMeHTHa KoLLy/byLa 4 cm,
[BL| donuja, Tepmounsonaumja 4 cm, apmmpaHo
6eToHCKa nnoya 15 cm, WwibyHak 95cm
apMmnpaHo 6eToHcKa nnova 30 cm, WibyHak
15um, HabvjeHa 3em/ba

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

JeAHOCTPYKM anyMVHW]yM-APBO MPO30P

3aCTak/beH [BOC/IOjHVM CTaK/O NakeTom

Cnorba Outside

aluminium-wood composite single-frame,
double-glazed window

2.90
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TepMOTEXHNYKM 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/bema

YHyTpallitba paceeTa

Interior lighting

Y M3BOPHOM CTatby, BPTVH Ce 3arpesao
CUCTEMOM LEHTPASTHOT 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

» A 8 ¢

Hajsehw feo spTiha je nokpriseH
bnyopecleHTHIM OCBETIbeHEM a Matbi
[EeN0BU 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 Tore Boae
Domestic hot water
(DHW) preparation
system

CreneH KOPUCHOCTH
npunpeme caHuTapHe
Tonne Boge

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

o —

CaHuTapHa Tonna Boga 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
cujanumue.

Mercury vapor bulbs and metal halogen
bulbs.
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CnnyHm 06jekTn — npeacTaBHMUM Tna — Similar buildings — type representatives

3rpane NPeAWKONCKMX YCTaHOBa HOBMjer [aTyma
KapakTepulle CaBpeMeHu apxXMTEKTOHCKM 1M3pas3, Kao U
bopMrpatbe 1 rpynincarbe GyHKLMOHANHKX CKOMOBa Y
CKMady Ca aKTyelHUM NPOjeKTaHTCKUM MOCTynaTtnma v3
oBe o6nacTn. ObjekTn 0buuHO cagpke 8-10 jeanHuLa ca
CBVM KOMM/IEMETAPHNM CaapKajvima. JeinHuLe ce HIKY
y TPAKTOBMM3, a rabapwtu cy pasyhexn wro omoryhaga
NPUPOAHO OCBET/bEHE U BEHTUMALIM]Y CBMX MPOCTOPA.

Mpeosnahyje ckeneTHW apMMPaHOBETOHCKK CKoM,
JOK cy dacaiHW 3wO0BM ,CEHABMY" KOHCTPYKLUMje ca
TEPMOM30MaLMOHNM CrojemM. [1po3opu Cy jeIHOCTPYKMY,
3aCTaK/beHU TEPMOM30MALIMOHMM CTAK/IOM.

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

3ateveHo ctabe — Existing state

[NpeTxogHa
yHanpeherba

Previous improvements

Onuc yHanpehewa — Improvement measures description

YHanpebhetrbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

V3onoBatbe paBHOM KpoBa 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).

13onoBarbe paBHOT KPOBa y3 MVHUMaNHY PeKOHCTPYKLM]y ClojeBa. Yrpafrba HOBIUX Mpo30pa 1 ynasHux spata o IBL| npoduna ca ABOCNOjHAM
130M1aLMOHNM HYCKOEMWCUOHIM CTaK0-NaKeToM (Cpefirba 3anTuBeHoCT). [naHnpaHe Mepe ce Noknanajy ca Mepama vi3 yHanpehera 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 31[0Ba KOHTaKTHOM TepMOM30MaLMoHOM dacajom. 130108arbe PaBHOT KPOBa Y3 MUHMMANHY PEKOHCTPYKLM]Y ClojeBa.
V3onoBatbe Noda Ha Ty y3 AeMMUYHY PEKOHCTPYKLM)Y CojeBa. Yrpadba HOBUX MPO30pa 1 yNasHyX BpaTa Of KOMMO3UTHYX Npoduna ca
TPOCOJHM U30MALMOHVIM HUCKOEMUCUOHUM CTakI0-NakeTom (4o6pa 3anTeeHoCT).

Insulation of facade walls with a contact facade 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

YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2 YHanpebherbe 3 Improvement 3
Cnosballtby 3ug 1 s s 8 3 3 ] 3
_ 2 2 2 g k= g
© O © @) © o
External wall 1 Y 3 £ 3 £ 3
= : g = : g = 2
(@] (@] (@)
HEMA M3MEHA HEMA N3MEHA mantep 2cm, rutep 610K 25 cm,
— — anymmnHmujymcka gponuja, tepmorizonaumja 8
NO CHANGES NO CHANGES cm, oneka 25cm, ManTep 2cm, KaMeHe nnove
3cm, Tepmomsonauuja 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
U (W/m?K) 0.30 0.30 0.16
YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2 YHanpebherbe 3 Improvement 3
Cnosballby 3mg 2 S s 3 3 3 4 38
_ 2 E 2 g g= g
© O © O © o
External wall 2 5 3 s 3 s 3
T o I o I o
> = > = > c
(@] O (@)
HEMA M3MEHA HEMA N3MEHA manTep 2cm, rutep 610K 25 cm,
— — anymmHmujymcka gponuja, tepmorizonaumja
NO CHANGES NO CHANGES 8 cm, oneka 12cm, mantep 2.5cm,
Tepmomsonaumja 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
U (W/mZK) 0.32 0.32 0.17
YHanpehetbe 1 Improvement 1 YHanpebherbe 2 Improvement 2 YHanpebherbe 3 Improvement 3
Cnosballrby 31a 3 g =3 8 = S 3 5
_ 2 2 2 2 k= g
© o © @) © @]
External wall 3 £ 3 £ 3 £ 3
I o] I o I o
> c > c > =
(@] (@] (@)
HEMA M3MEHA HEMA N3MEHA ManTep 2cm, apmvipaHu 6eToH 16 cm,
— — anymmHmujymcka gonuja, repmorizonaumja
NO CHANGES NO CHANGES 8 cm, oneka 12cm, mantep 2.5cm,
Tepmousonauuja 10 cm, mantep 1cm
plaster 2cm, concrete 16cm, Al sheet, thermal
insulation 8cm, brick 12cm, plaster 2.5cm,
thermal insulation 10cm, plaster Tcm
U (W/m?K) 0.35 0.35 0.18
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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

AARARAY

YHyTpa Inside

XVApou30naLvoHa MembpaHa, Tepmounsonatvja
15 cm, naku 6eToH 3a nag 3-30cm,
Tepmomsonauuja 12 cm, buTymeHcKa Tpaka ca
an. onunjom, 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

AARARAY

YHyTpa Inside

XVApOU30aLvoHa MembpaHa, TepmounsonaLivja
15 cm, nakun 6eToH 3a nag 3-30cm,
Tepmowmsonaumja 12 cm, brTymeHcKa Tpaka ca
an. ponnjom, apmrpaHobeToHcKa nnova 20 cm,
BasAyLWHK 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

AR AN

YHyTpa Inside

XVAPOM30NaLMoHa MemMbpaHa, TepmounsonaLmja
20 cm, nakum 6eToH 3a nag 3-30cm,
Tepmousonaumja 12 cm, butymeHcKa 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

0.1

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

YHyTpa Inside

Cnosba Outside

HEMA N3MEHA HEMA M3MEHA napKeT 2.2 cm, LleMeHTHa KoLWysbuLa 4 cm,
_ — IMBL| donuja, Tepmomnsonaumja 9 cm, apmmpaHo
NO CHANGES NO CHANGES 6eToHCKa nnoyva 15 cm, WrbyHak 95cm,
apmmpaHo 6eToHcKa nnova 30 cm, WbyHak
15uM, HabujeHa 3emba
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
[} [ i () [ | [}
° ° ° © ° °
g £ g = E 2
. 8 E 3 E 3
2 | > 2 > 2 =
2 = 2 S 2 =
(] ] (]

INBLI ca ABOCNOjHUM HUCKOEMUCUOHMM
CTaKMO NakeTom

"PVC, double glazed low-E glass unit,
inert gas filling”

1.40

[1BL| ca ABOCNOjJHNM HUCKOEMUCUOHMM
CTaK/10 NakeTom

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

1.40

Komno3unTtHM npodun ca TPOCIOjHIM
HUCKOEMUCVOHNM CTaK/O NaKeTOM
NCMYHEHVM MHEPTHUM racom

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

0.80

207




208

HaumoHanHa TMnonorwvja 3rpaga npeawKkonckux yctaHosa Cpbuje  National Typology of Kindergartens in Serbia

Cnctem rpejarba 3rpage — yHanpebewa — 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

YHanpehetbe 1 Improvement 1

3afpaH je noctojehu 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.

I':I ‘
EneKTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NPOCTOpa: AabUHCKO rpejatbe C KOTIOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:
district heating with natural gas fired plant.

092

I':I ‘
EneKTpuuHYM akymynaLmoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMPECOPCKe TOMOTHE nymne
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

et u

TonnoTtHa Nymna Ba3ayx/BOAa v CONapHw
cnctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).
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Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

60%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

700

600

500

400

300

200

100

YHanpeherse 1
Improvement 1

YHanpeherse 2
Improvement 2

YHanpeherse 3
Improvement 3

35% 35% 35%

20% 20% 31%

) TpaHCMUCHOnM ry6rLm — transsmission losses BEHTUNAUMOHN rybuum — ventilation losses ywrege — 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 4 5 12 3 4 5 12 3 4 5 12 3 4 5
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
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YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmncmja 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/a]

o —

o —

I |

o —

M

28859
16.5%

MOMa3Ho CTakbe
starting condition

Y

50

a 50
72147
33.6%

50

1 | |
e a n 50
4496 4734 5190
37.9% 39.9% 43.7%

9+ 9-+= @

|
Hajuewhe nHTEPBEHUMjE yHanpeheroe 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

MpepwkKoncka yctaHoBa
noBpLmHe Behe og 2000 m?

A7 =

Kindergarten
with area more than 2000 m?

Kateropwja NpPefWwKoNCcKa yCTaHOBa 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
MoBpLnHa (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, mocTa-
B/bEHa Mpema 3axTeBaHOj OpwWjeHTauuju 3a OBy BPCTY
objekaTa (mpocTopuje y Kojuma Gopase Aeua Cy jyxHe
opjeHTauumje), Koja ce CyderbaBajy y LEHTPANHOM Aeny
objekTa. DyHKUMOHaNHa KoHUenumnja objekta 6asmpa-
Ha je Ha OpraHW3aUVOHO] LeMM Tpynncakba Cajpaja
CPOMHVIX HaMeHa ¥ IndepeHUMjaLmnj HameHa no HYBO-
nma. Jacnene v mnahe spTuhke rpyne cy Ha cnpaty, oK
cy CTapuje BpTuhKe rpyne y npusemby ca moryhHowhy
n3nacka y agopuiite. KpoBOBUM Cy PaBHM, HEMPOXOAHM.
OTBOPY Cy Y BUAY NPO30PCKNX TPaKa 1 31 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.



KoHCTpYKLMja objekTa je apMmpaHobeToOHCKa ca 3va-
HVM MATHUMA 1 MYHUM TaBaHWYHMM nnodvama. GacagHu
31A0BN Cy "CeHaBUY” KOHCTPyKUMje (rnTep 6nok 20cm,
Tepmomsonaumja 20cm 1 oneka 12cm), 060CTPaHo Man-
TepucaHn. CBr enemMeHTV TepMUYKOr OMOTaua ypaheru
Cy y CKNagy Ca akTyenHUM Nponucnma n3 obnactun tep-
Muyke 3awTmTe. GacagHa CcTonapuja je anyMmHuUjymcKa
ca nobosblIaHNM TePMOMPEKNAOM ¥ HUCKOEMUCHOHNM
[BOCTPYKMM TePMOM30MALVOHVIM CTaK/IOM.

EHepreTckm pa3pep objekTa — NPOjeKTOBAHO CTake

[ - nepviog 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

Qg [%] Q,,, [kWh/(m?a)]
69 52

<15

<25

(B <50
<100
<150
<200

<250

> 250
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CKnomnoBu TeEpMUYKOT OMOTauya — 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
Cnorpa Outside

ManTep 2 cm, apmvipaHu 6eTtoH 20 cm, ME
donuja, Tepmowizonaumja 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,
Tepmousonauuja 8 cm, mantep 3 cm

plaster 2cm, hollow clay block 19cm,
thermal insulation 8cm, plaster 3cm

0.32

YHyTpa Inside

Cnosba Outside

Kayuyk 0.2 cm, cf1oj 3a n3pasHarbe 0.3 cm,
LIeMEHTHa Kolysbuua 7.5 cm, apMrMpaHo
6eToHCKa nnova 15 cm, Tepmounsonauwja 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)

Cnosba Outside

YHyTpa Inside

WwrbyHak 8 cm, ME dponuja, xuapowrsonauroHa
MembpaHa, Nako apMvipaHu 6eToH 3a naa
3-30cm, Tepmomsonaumja 30 cm, LemeHTHa
KoLy bML 4 CM, apMUPAHOBETOHCKa MoYa
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

©
N

YHyTpa Inside
Cnosba Outside

ManTep 2 cm, apmupaHu 6etoH 20 cm,
xnapounsonaumja 1 cm, TepMovsonayuja
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]YMCKI MPO30p

Ca NobosbLIAHUM TEPMUYKIM NMPEKNAOM
3aCTak/beH HUCKOEMWCHOHUM, [BOCTOJHIM
CTaKNo NaKeToM MyHsEHIIX KPYMTOHOM
aluminium single frame HI profile, double
glazed low-E glass unit with inert Krypton
gas filling

1.20




[ - nepviog nocne 1991. D - period after 1991

TepMOTEXHNYKM 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/bema

YHyTpallitba paceeTa

Interior lighting

Cuctem LeHTPanHor rpejarba ca
paamjaTopyMa Kao rpejHMM Tenuma. 3rpaaa
je nosesaHa Ha cycTeM arbUHCKOT rpejarba,
ay TOMMaH 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 caHuTapHe
Tonne Bofe

DHW preparation
efficiency

CnosbHa paceeTa

Outdoor lighting

CaHuTapHa Tonna Boga ce npunpema y
enekTpUYHIM 6ojneprma.

Domestic hot water is prepared using local
electric water heaters.
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KrBuHe crjanuue

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

KombuHoBaHe fAeunvje ycTaHoBe Beher KanauuteTa
rpaheHe HakoH 1991. roguHe KapakTepulie cnobonaH
APXUTEKTOHCKM 13Pa3 1 CaBpemeH NpucTyn Gopmurpatsy
1 rpynucarsy GYHKLUMOHANHWX CKIOMOBa. Y OKBMPY OBMX
objekaTa Hanasu ce sehu 6poj CMeLITajHMX jeAnHMLa ca
CBUM NpaTehnm cagpajuma.

Mpeonahyje CKeneTHW apMUPAHOBETOHCKM CUCTEM,
4ecTo y KOMOMHaAUMKM Cca HOCENMM 3MAHWMM MnaTHUMA.
CTpykTypa 1 0bpafa GpacagHvx 3Ma0Ba Bapupajy y CKna-
Ay Ca apPXUTEKTOHCKMUM peLlerbnMa, anu cy CBU enemeH-
TV TepMMYKOr OMOTava m3onosaHu. Nposopun cy PVC
WAV aNYMUHUJYMCKM Ca TePMOMNPEKMAOM, 3aCTakibeHu
ABOCTPYKMM TEPMOM30MALMOHMIM CTAKIIOM.

LN
;'r!rll'lrrll'r.r_'l {
AT

Ll

s

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 accommodation 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

3ateveHo ctabe — Existing state

[NpeTxogHa
yHanpeherba

Previous improvements

Onuc yHanpehewa — Improvement measures description

YHanpebhetrbe 1

Improvement 1

YHanpehetbe 2

Improvement 2

YHanpeherse 3

Improvement 3

YHanpeherbe Huje nnanvparo. Objekart je y cknafy ca npasunH1kom. Mpunaga eHepretckom paspesy “C', a nosviumje omoTava cy ycknahere
Ca BPeAHOCTVIMa NpaBUiHUKa.

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 nnannpaxo. Objekar je y cknafly ca npasuiHuKkom. MNprnaga eHepreTckom paspedy “C’ a no3vumje omoTava cy ycknaheHe
Ca BpeAHOCTVMa NPaBUHIKa.

Improvement is not specified. Building is in line with rulebook. Energy class is “C", and thermal envelope parts are in line with rulebook
values.

130n0Barbe pacapgHUX 31A0Ba KOHTAKTHOM TEPMOM30MaLUMOHOM (Gacafom. V3onosarbe yHyTpaLHbMX 3MA0Ba Ka HerpejaHoM npocTopy.
Yrpadtba HOBMX MPO30pa M YNasHUX Bpata of KOMMO3UTHUX Npoduna ca TPOCAOJHUM M30NALMOHUM HUCKOEMUCHMOHIM CTaK/10-NaKeToM
(nobpa 3anTrBeHOCT).

Insulation of facade walls with a contact fagade 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)

3ua Ka HerpejaHom
npoctopy

Wall to unheated area

U (W/m?K)

3nay Ty

Ground floor

U (W/m?K)

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.15

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.15

Cnosba Outside

YHanpebherbe 3 Improvement 3

YHyTpa Inside

Mantep 2 cm, apmmnpaxu 6etoH 20 cm, T1E
donuja, Tepmomsonaymja 20 cm, oneka 12 cm,
ManTtep 3 cm, TepMmomsonauja 10 cm, mantep

1cm

plaster 2cm, concrete 20cm, PE foil, thermal
insulation 20cm, brick 12cm, plaster 3cm,
thermal insulation 10cm, plaster Tcm

0.11

Cnosba Outside

YHanpehetbe 1 Improvement 1

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.32

Cnosba Outside

YHanpebherbe 2 Improvement 2

YHyTpa Inside

HEMA M3MEHA

NO CHANGES

0.32

Cnosba Outside

YHanpebherbe 3 Improvement 3

YHyTpa Inside

ManTep 2 cm, Wwynssv 6510k 19 ¢cm,
Tepmomsonauuja 8 cm, mantep 3 cm,
Tepmomsonaumja 10 cm, mantep 1 ¢cm

plaster 2cm, hollow clay block 19cm, thermal
insulation 8cm, plaster 3cm, thermal

Cnosba Outside

insulation 10cm, plaster 1cm

0.17

YHanpehere 1 Improvement 1

b=

YHyTpa Inside

z

HEMA M3MEHA

NO CHANGES

0.22

Cnosba Outside

YHanpeherse 2 Improvement 2

b=

YHyTpa Inside

z

HEMA M3MEHA

NO CHANGES

0.22

Cnosba Outside

YHanpebherbe 3 Improvement 3

b=

YHyTpa Inside

z

HEMA VM3MEHA

NO CHANGES

0.22

Cnosba Outside




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

PaBaH KpoB

Flat roof

U (W/m?K)

Noa Ha Ty

Ground floor

U (W/mK)

[po3opu

Windows

U (W/m?K)

YHanpehetbe 1 Improvement 1

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.12

YHanpehetbe 2 Improvement 2

Cnosba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.12

YHanpeberbe 3 Improvement 3

Cnorsba Outside

YHyTpa Inside
HEMA M3MEHA

NO CHANGES

0.12

[ - nepviog nocne 1991. D - period after 1991

YHyTpa Inside

RN,
.

Cnosba Outside

YHyTpa Inside

VNN TN
.

Cnorsba Outside

YHyTpa Inside

VNN TN
.

Cnosba Outside

HEMA M3MEHA HEMA M3MEHA HEMA M3MEHA

NO CHANGES NO CHANGES NO CHANGES

0.16 0.16 0.16

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

° ° ° ° ° o

g 2 g 2 g £z

. 2 E 3 E 8

i > i > I >

e = e = e =

(@] (@) (@]

HEMA M3MEHA HEMA M3MEHA KOMMN031THM Npodurn ca TPOCIOjHIM

— — HUCKOEMUCHOHWM CTaKNO NakeTomM

NO CHANGES NO CHANGES NCMYHEHVIM MHEPTHUM racom
Composite, triple glazed low-E glass unit, inert
gas filling

1.20 1.20 0.80
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Cnctem rpejarba 3rpage — yHanpebewa — 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

YHanpehetbe 1 Improvement 1

3afpaH je noctojehu 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.

I':I ‘
EneKTpuuHm akymynaumoHu 6ojnepu

Electric water heaters

YHanpeherbe 2 Improvement 2

3afpxaH je noctojehu cuctem rpejarba
NPOCTOpa: AabUHCKO rpejatbe C KOTIOM Ha
NPUPOAHY rac y TonnaHu.

The existing heating system is retained:
district heating with natural gas fired plant.

092

I':I ‘
EneKTpuuHYM akymynaLmoHu 6ojnepu

Electric water heaters

YHanpeherbe 3 Improvement 3

Yrpagrba KOMMPECOPCKe TOMOTHE nymne
Ba3/Zlyx/BOfa Ca XVAPOMOYSIOM.

Installation of air-source heat pump with
hydromodule.

30

et u

TonnoTtHa Nymna Ba3ayx/BOAa v CONapHw
cnctem ca MNCE (kaga je moryhe).

Air-source heat pump and solar panels (when
possible).



[1- nepvoa nocne 1991. D - period after 1991

Cnctem ocBeT/bera — yHanpehewa — Lighting system — improvements

YHyTpalltba pacBeTa

Interior lighting

CnorbHa paceeTa

Exterior lighting

PenatneHa eHepreTcka
yltea cucrema
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%

YHanpehetbe 2 Improvement 2

G +d

LED ocseTbetbe ca MoryhHowwhy
LIeHTpanM30BaHe KOHTPOSE YKiby4YeHOCTH
OCBET/bEHbA Y NOjeAVHNM NPOCTOPHjamMa.
LED lighting with the possibility of
centralized control of lighting activation in
particular classrooms.

E +

MNopeluaBarbe BpeMeHa yKibyuunBarba

OCBET/bEtba Y 3aBUCHOCTN Of ﬂO6a rognHe.

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

36%

| | |
0% 50% 100%

YHanpehetrse 3 Improvement 3

g +'%+ Sa

[lncnep3osaHn ayToMaT30BaHK CCTEM
OCBET/bEHbA KOjW 00yXBaTa AETEKUMjY
NpUCyCTBa Sbyan U MoryhHoCT Npunarohersa
HIMBOA OCBET/bEHA Y 3aBUCHOCTY Off 1062
[flaHa 1 notpeba Jbyan y NpoCTopUjU.
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/bere ca ayTOMaTCKOM KOHTPOOM
OCBET/bEHOCTU 1 IVIMOBAFbEM OCBET/bEHA Y
3aBMCHOCTY oA f106a 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

TonnoTHN ryouLn

Heat losses

(%]

TpaHCMWCKIOHN Ty6uLN

Transmissive losses

[W/K]

CneunduruHa rogmirba
notpebHa eHepryja 3a
rpejarbe

Specific Heating Energy
demand per year

[kWh/m?a]

OpwrvHanHo
Originally

800

700

600

500

400

300

O

YHanpeherse 1
Improvement 1

YHanpeherse 2
Improvement 2

YHanpeherse 3
Improvement 3

42%

10%

() TpaHCMUCHOHN ryBUL — transsmission losses BEHTWUNALUMOHM ry6uum — ventilation losses ywTege — savings
800
700
600
500
400

300

200

h III I

2 3 4 5 6 7

~ | I I I N

I_-I
3 4 5 6 7

1- Cnosbalutbh 3uf, 2- NPo30pH, 3- PaBaH KPOB, 4- 31/ Ka HerpejaHoM NpocTopy, 5- MefycnpaTHe KOHCTPYKLMje Ka HerpejaHum
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



[ - nepviog nocne 1991. D - period after 1991

YHanpehetbe TepMUYKOT OMOTaua 1 CCTeMa rpejatba — eHepreTcku unaic — Thermal envelope and heating systems improvement — energy balance

®uHanHa eHepryja

Final energy

[kwh/a]

[pvmapHa eHepruja

Primary energy

[kWh/a]

Emmncmja 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/a]

<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% 642% 70.5%

Q- §+= @

| |
v MNONAa3Ho CTatbe V Hajuewhe nHTEPBEHUMjE yHanpeheroe 1 yHanpehetbe 2
starting condition usual interventions A improvement 1 A improvement 2
| |

175565

v

225980

v

64559

-4

100%

yHanpehetbe 3
improvement 3
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