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6

3rpane LWKONCKUX U NpedlKONCKMX yCTaHOBa — METOAOIOWKN OKBUPD d)opMleaH;a TMHOHOFMje 1 nobosbluarba eHepreTcke ech KaCHOCTK

1.YBOJ

HectambeHe 3rpage umHe oKo 25% yKynHOr QGOoH-
na visrpaheHnx 3rpaga y Esponckoj yHuju'. OBaj 3Ha-
yajaH Aeo rpahesuHcKor GoHAa ce, 3a pasnuKy of cer-
MeHTa CTambeHMX 3rpafja uuja je CTPyKTypa penaTnsHo
XOMOreHa, OANMNKYje W3Y3eTHO BESIMKOM TWMOJOWKOM,
eHepreTckom W MaTepujanHom pasHonwmkowhy. Pasnwu-
yuTe MO CTAPOCTV, BENVYVHY, MOBPLUNHY, MPUMEHEHVIM
KOHCTPYKTUBHUM W MaTepujanHnM pelierrma, y3 vec-
Ty MPVIMEHY CIOXEHNX TEXHOMOWKNX Y MHCTaNaLMOHNX
cncTeMa, HecTambeHe 3rpafle MpPeAcTaBrbajy KOMMek-
CaH cermeHT rpaheBnHCKOr GOHAA KOoju 3axTeBa nocebaH
NPUCTYN Y MPOyYaBakby U TPETMaHY.

' npema nopaumma EBponckor MHCTUTYTa 3a nepdopmaHce
3rpapa (BPIE Building Performance Institute Europe). 13s0op:
Atanasiu B., Despret C., Economidou M., Maio J,, Nolte I, Rapf
O.(2011) Europe’s buildings under the microscope: A country-
by-country review of the energy performance of buildings.
Buildings Performance Institute Europe (BPIE)

1.INTRODUCTION

Non-residential buildings account for approximate-
ly 25% of the total building stock in the European Un-
ion." Unlike the residential segment, whose structure is
relatively homogeneous, this significant segment of the
building stock is characterized by exceptionally high di-
versity in terms of typology, energy-efficiency and mate-
rial realization. Owing to the variations in age, size, floor
area, and the applied construction and material solutions
that frequently involve using complex technological and
installation systems, non-residential buildings represent
a very complex segment of the building stock and re-
quire a special approach to their study and treatment.

'According to the data from the Buildings Performance
Institute Europe (BPIE). Source: Atanasiu B., Despret C,
Economidou M., Maio J,, Nolte I, Rapf O. (2011) Europe’s
buildings under the microscope: A country-by-country
review of the energy performance of buildings. Buildings
Performance Institute Europe (BPIE)
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3rpafapcTBo, Npema WUCTOM 13BOPY, jecTe jedaH of
Hajeehrx noTpolaya yKynHe eHepruje. Y npoceky, y
OBOM CEKTOPY ce KopucTi rotoBo 40% yKynHe npovi3ee-
fleHe eHepruje, o vera 25% npunaga CekTopy HecTam-
6eHunx 3rpafa. VictoBpemeHo, HectambeHe 3rpage cy vy
nopeherby ca cTambeHVM, MHAMBMAYANHO NOCMaTPaHo,
3HaTHM NoTpoLWayn eHepruje. lNogaum ykasyjy fa ce y He-
CcTambeHOM CeKTopy, padyHajyhu cse noTtpebe, y npoce-
Ky Tpown oko 280 kWh/m? duHanHe eHepruje, wro je
40% BULLIE HErO WTO je NPoCeYHa NOTPOLHA CTaMOEHNX
3rpaja. Ha ocHOBY M3HeTWX nofdaTaka 3ak/bydyjeMo [a
HecTambeHe, (jaBHe) 3rpaje MpPeAcTaBrbajy eHepreTcku
BeoMa HeeduKacaH cermeHT rpahesuHckor doHfa Te ce
FoMXOBOM OOHOBOM MOTY YWTEAETU 3HATHe KOMUUKMHe
eHepruje, CMarbWTN 3aBUCHOCTU Off, Hajuelhe YBO3HWX,
eHepreHaTa 1 pefyKoBaTh eM1CUja LITETHUX racoBa.

MpadukoH 1. OAHOC NOTPOLWHE eHepruje Y jaBHOM 1
CTambeHOM ceKTopy?

25% 64%
jaBHM 06jeKkTH
public buildings

75% 36%
cTam6eHu 6110KOoBY 1%
apartment blocks

CTambeHn objekTn
residential buildings

3apaj jacHujer pasymeBarba CTPYKType YKYMNHOr
rpaheBvHCKOr GoHAaa, HEONXOAHO je fednHMCcaTH WTa ce
nofpasymesa rog jaBH1UmM (HectambeHnm) 0bjeKTVIMA WTO
je npwvkasaHo y Tabenu 1.

2 npunarohero npema Atanasiu et al. (cTp.30)

jeHONOPOAMYHO CTaHOBake
single-family housing

The building sector, according to the same source,
is among the largest total final energy consumers in the
society. On average, this sector is responsible for almost
40% of final energy consumption, 25% of which is used
by non-residential buildings. Considered individually,
non-residential buildings are also significant energy con-
sumers compared to residential buildings. The non-res-
idential sector is shown to consume an average of 280
kKWh/m? of final energy, covering all demand, which is
40% more than the average used by residential buildings.
The given data suggest that energy efficiency of non-res-
idential (public) buildings is the lowest of the total build-
ing stock, and that their renovation can lead not only to
significant energy savings, but also to wider benefits in
terms of reducing both the dependence on, mostly im-
ported, energy sources, and greenhouse gas emissions.

Figure 1. Comparison of energy consumption between public
and residential building sector?

m?]
jaBHM 0bjeKkTH
public buildings

28%  KomepuwjanHu cagpxaju
commercial buildings

23%  nocnoBHW 00jeKTu
office buildings

17%  o6jekTn obpa3oBatba
educational buildings

11%  xoTenu v pectopanu
hotels and restaurants

7% OonHuLe
hospitals

4% CNOPTCKN 0bjeKTH

sports facilities

Apyro

other

In order to obtain a better understanding of the
structure of the total building stock, it is necessary to de-
fine public (non-residential) buildings (Table 1).

? Adapted from Atanasiu et al. (p.30)
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Tabena 1. Tunosu jaBHWxX (HecTambeHwx) 3rpafia 1 HIXOBO Table 1. Public (non-residential) building types and their share

in energy consumption?

TProBUHa Ha Mano v BeNnKo
28%

Wholesale and retail buildings
28%

nojefinHauHe paatbe, TProBauky LeHTpu, pobHe Kyhe,
npofasHyiLie, Nexkape, NPoAaBHMLE 1 NepUoHKLE ayToMobuna,
bpr3epu, cajamcKe 1 KOHrpecHe 3rpaze

Detached shops, shopping centers, department stores, retail,
bakeries, car sale and maintenance, hair salons, trade fair and
congress buildings

NOCOBHe 3rpage
23%

Office buildings
23%

NOCNOBHE 3rpage, y NPVBaTHOM 1 APXaBHOM BNACHULUTBY,
ONWTMHCKe 3rpaje, ocTane aAMUHICTPATVBHE 3rpaje, 3rpaje
nowTa

Private or state-owned office buildings, municipality buildings,
other administrative buildings, post offices

3rpazie 0bpasoBHYIX UHCTUTYLIMja
17%

Educational buildings

17%

OCHOBHE, Cpefitbe, BULLE LIKONE, GaKynTeTn, UCTpaxyvBaduke
WHCTUTYUMje 1 nabopatopuje

Primary, secondary and higher schools, university colleges,
research institutions and laboratories

XOTe/N 1 PeCTOPaHW
11%
Hotels and restaurants
11%

XOTeNu, pectopaHu, KadaHe, Kabew, KaHTrHe, Kaden y OKBMpy
nocnoBarba
Hotels, restaurants, taverns, cafes, canteens, office cafeterias

6onHuue 7%
Hospitals 7%

[ipaBHe v NpuBaTHe OOMHYLE, AOMOBY 3APaB/ba, AOMOBM 3a
XeHavKennpaHe ocobe

Public and private hospitals, primary healthcare centers, care
centers for people with disabilities

CnopTCcKm 0bjekTn 4%
Sports facilities 4%

cnopTcke xane, 6aseHu, TepeTaHe
Sports halls, swimming pools, gymnasiums

ocTano CKMaauLITa, rapaxe v 0bjeKTy Be3aHw 3a TPaHCMopT,
11% No/bONPUBPEAHN 06jeKTH, BalTEHCKN 0bjeKTM
Other Warehouses, garages, transportation facilities, agricultural
11% buildings, garden buildings
* npunaroheHa Tabena npema Atanasiu et al,, cTp. 33,y3 3Table adapted from Atanasiu et al., p.33, with illustrations
nnycTpaupje 13 gomahe npakce from local practice
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3Hauvaj nepdopMaHCH jaBHMX 3rpaja je BEOMa BESINKM
1 ctora nHcTUTyT BPIE y CBOM NpoyyYaBakby OBOF CermeH-
Ta rpaheBMHCKOr GOHAa CYMapHO HaBOAM U pa3fnore He-
OMXOAHOT MPUCTYyMNarba OPraHM30BaHOM UCTPaXuBatby
jaBHWX 3rpafja yornwTe, 3apag popmrparba jeanHcTBe-
He knacudukaumje 1 Tunonorunje. Tunonorvja 6w, Aasme,
MOCAYXMAa Kao OCHOB 3a [lafba WCTPaXMBakba eHep-
FeTCKMUX KapaKTepuCTMKa OBOr cermeHTa rpaheBUHCKOr
doHAa, NMPBEHCTBEHO Kpo3 NobOSbliakbe eHepreTcke
edUKaCHOCTH, MOTOM UCIUTUBAHE MOTYRKX HaunHa du-
HaHCcMparba NpeaBuheHVX nHTepBeHLKja, dopmMuparbe
noTpebHe NOAUTUYKE OCHOBE, i N HEOMXOAHE eayKa-
Lmje CBUX yYeCHMKa Yy npoLiecy.

[lakne, pa3Boj TMNonoruje jaBHVX 3rpaga NpencTa-
Bfba MonasuwTe byayher paga y oBoj 06nacTu, ann Hu-
Kako AOBOSbHO Beh caMo jeaaH of uMHMAauUa Kojem ce
MOpa MOCBETUTM MocebHa Naxkhba 3apafd AeduHvCarba
CBeobyXxBaTHO NPUCTYMNa TPeTMaHy rpaheBMHCKOT GOH-
na. EHepreTcka edrKacHOCT Ce, Tako, MOXe CMaTpaTy 3a-
MajLiem YKYMHMX akTUBHOCTH, a Koje 0byxBaTajy pasnmnuu-
Te paze:

« [pukyn/batbe nopataka: NoTpebHO je ycknaguTn
HaUMOHaHe cuUCTeMe MPUKyM/batba MojaTtaka Be-
3aHMX 33 eHepreTcky edUKACHOCT 3rpafda 1 obesbe-
OUTU HMXOBY AOCTYMHOCT. To 61 3HauMo fAa je He-
OMXOHO YyBeCTV 0baBe3Hy M3pafy cepTudmKkata o
eHepreTckm nepdopmMaHcama 3rpajga (eHepreTckmx
MacolLa) 3a CBe jaBHe 0bjeKTe, Kao 1 YHOC mofdaTaka
y oaroBapajyhy 6a3y. lNotom je noTpebHo nose3atu
pa3nnyMTe C1UCTEME 13BelTaBaba, WTo 6u omoryhu-
N0 Kpevparbe ofroBapajyhe 6ase peneBaHTHMX No-
nataka. OBfle ce NPBEHCTBEHO MUCAM Ha 6asy Koja
HacTaje Kao pe3ynTaT eHepreTCKor MeHalMeHTa, To
ject EMMC (EMIS-Energy management information
system) 6a3y Kojy je kpenpao YHIM (UNDP).

« Tyt o6HOBe: NOTPeOHO je KPO3 perynaTney yCTaHoO-
BUTU Mepe 0bHOBe rpaheBMHCKOr GpoHAa 3rpada v
YCTaHOBWTW MyTeBE W AYrOpOYHE CTpaTeruje 3a Hh-
XOBY peanusauunjy Kpos AedrHrcarbe KPaTKoOpOUHMX
1 AYTOPOYHVX LIN/BbERA, KAaO M HAUMHE MOHUTOPUH-
ra 1 13BellTaBarba O NOCTUMHYTUM pe3yntaTima. He-
OMXOAHO je pa3paanTi NiaHoBe 3a 0OUMHY OOHOBY
3rpafa Koju YKibyuyjy v perynatopHe 1 GrHaHcujcke

Considering the great significance of the perfor-
mance of public buildings, the BPIE survey summarizes
the reasons for the necessity of conducting organized re-
search into this segment of the building stock with the
aim of creating a uniform classification and typology. The
typology would then become the foundation for further
research into the energy characteristics of this segment
of the building stock, primarily focusing on the poten-
tial improvements in its energy efficiency, examining the
modes of financing the proposed interventions, creating
a sound basis for policy-making, and providing educa-
tion and training to all the stakeholders.

In other words, the development of the typology of
public buildings is the starting point for future work in
this field, which can be considered not the only but one
of the factors that must be given special attention when
defining a comprehensive approach to the treatment of
the building stock. Thus, energy efficiency can be seen as
an impetus to the overall activities, which can be broken
down into the following stages:

« Data collection: harmonize national data collection
systems related to the energy efficiency of buildings
and ensure adequate data availability. This would
mean the introduction of binding energy perfor-
mance certification (energy passports) for all public
buildings and their entry into a corresponding data-
base. The next step would be to connect various re-
porting systems to facilitate the creation of a relevant
database. This primarily refers to the Energy Manage-
ment Information System (EMIS) set up by the UNDP.

« Renovation roadmap: establish legislative meas-
ures for the renovation of the building stock, and the
roadmap of long-term strategies for defining interim
and long-term targets as well as monitoring and re-
porting plans. It is necessary to detail deep renova-
tion plans comprising regulatory, financial, training,
and information aspects. The national targets should
be based on the national financial and technical po-
tential, and the renovation roadmaps should move
from voluntary to binding measures.

- Financing: establish a special deep renovation fund
(via an investment bank) designed for different build-
ing types, offering diverse and flexible solutions to



acnekTe, 0byky 1 MHopmMcarbe. HaumoHanHu um-
rbeBv Tpeba fa ce 6a3npajy Ha HaUMOHANHUM GUHAH-
CUJCKMM 1 TEXHWYKMM NOTEHLMjanmma, a nnaH obHo-
Be pa3Bwja o 06HOBe Ha [JOOPOBOSLHOj OCHOBY Ka
obasesyjyhvm Mepama.

OuHaHUpame: OCHMBake nocebHor ¢oHaa 3a
06MMHY OBHOBY (BE3aHOT 3a HeKy pPa3BOjHY OaHKy)
3a pa3nnymMTe TMNOBE 3rpajla, Kako 61 ce MoHyauna
pasHOBPCHa 1 GnekcnbunHa pellerba 3a CBe MHBeC-
TUTOPe, Ca MVHUMANHUM 3axTeBMMa KOA yBODerba
Mepa Koje ce cmaTtpajy TPOLKOBHO OMTVMATHNM.
Pa3Boj HOBMX QUHAHCWCKMX WMHCTPYMEHaTa MOorao
61 fOa vHUUMpa Behe ynararbe NPYBAaTHOI CEKTOpPa
Kpo3 obe3beherbe npenopyka, npomMounjy npume-
pa fobpe npakce 1 CTUMYNNCakbe CapaaHe Ha CBUM
HUBOMMA.

JpKaBHa MONUTUKa: €NVMUHUCATV CBE TPRXULIHE
npenpeke Yy npouenypama obvmHe obHoBe rpahe-
BVHCKOT dOH[a 3rpafa 1 Pa3BuTU perynatopHe, du-
HaHCKjcke, 0OPa30BHE, MPOMOTMBHE MakeTe Ca jac-
HIM MaKPOEKOHOMCKMM MpeaHOCTMMa.

Mpahere 1 noapLLKa: HEOMXOAHO je GopmMparbe
cncTeMa npaherba, OlleHe KBanuTeTa 1 pesynatata,
Kao ¥ NOApLIKE YBeAEHVM Mepama 3a CBe Makete
KOju NMoApasajy 0bvMHY OOHOBY.

EML: yHanpeanTty 1 OCHaXkmTK 13aaBarbe cepTudu-
KaTa v BpLIerbe eHepreTckux npernesa. Ha oeaj Ha-
UMH MOXe Ce NoACTaN TRXKULLITE HEKPETHWHA W CTU-
MyNUCaTV U3rpajirba v 0OHOBaA 3rpaja.

JaBHU cekTop: Tpeba oCWrypaT fAa jaBHW CEKTOP
uma Boaehy ynory y obHoBuM 3rpaga (y cknagy ca
Nnpektneom EY 1 Obaseszama npema EHepreTckoj
3ajeAHMUW). Ha 0Baj HaumH MOKPEHYTO TPXMLLTE TPe-
6a fa pe3ynTyje v CMarberbeM LieHa 3a YK/byuunBatbe
NPWBATHOI CEKTOPa.

Obyka 1 egykaumja: yHanpeauTi BeLTUHE 1 3Hakba
y CBUM €leMeHTVMa Be3aHMM 3a npouec obHoge 1
M3rpaat-e eHepreTckin edrKacHuX 3rpaa.
Mpomouuja: 13BPWKTA CBEOOYXBATHY MPOMOLIM]Y
LUWbEBA, MEXaHK3aMa 1 NMpumMepa fobpe npakce wn-

3rpane LWKONCKUX U NpedlKONCKMX yCTaHOBa — METOAOIOWKN OKBUPD d)opMleaH;a TMHOHOFMje 1 nobosbluarba eHepreTcke ech KaCHOCTK

all investors, with minimum requirements for im-
plementing measures at cost-optimal levels. The
development of innovative financial instruments
could initiate higher private investment by providing
guidelines, promoting best practice, and stimulating
cooperation at all levels.

State policy: eliminate all market barriers and ad-
ministrative bottlenecks for deep renovation of the
building stock, and develop regulatory, financial, ed-
ucational and promotional packages with clear mac-
ro-economic benefits.

Monitoring and enforcement: establish proper sys-
tems for monitoring, quality control and enforce-
ment of the introduced measures for all policy pack-
ages supporting deep renovation.

EPC: improve and strengthen the energy perfor-
mance certification and audit processes. This can
spur the real-estate market and stimulate the con-
struction and renovation of buildings.

Public sector: ensure that the public sector takes a
leading role in the renovation process (in accordance
with the EU Directive and the Commitments to the
Energy Community). Such stimulation to the market
should result in cost reductions for the inclusion of
the private sector.

Training and education: improve skills and exper-
tise in all elements relevant to the process of renova-
tion and construction of energy-efficient buildings.
Promotion: conduct a comprehensive promotion
of the targets, mechanisms and examples of best
practice to the public and the institutions involved in
building stock management.

The wider significance of the sector of public build-
ings has been recognized by the corresponding Eu-
ropean directives defining them as buildings that
are used or owned by the central government or
that are frequently used by the public. According
to the Directive,* these buildings should set an ex-
ample to the wider public in order to emphasize the

POKOj NybnmuK, TO JeCT MHCTUTYLMjaMa Koje ce 6aBe  * Directive 2012/27/EU of the European Parliament and of the

rasfoBarbem rpaheBMHCKMM GOHIOM.
Wrpw 3Havaj cekTopa jaBHMX 3rpaja je n3y3eTaH U

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
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Npeno3sHaT npema oAroBapajynnm eBponckrm AMpeKTy-
Bama Koje VX AedUHULLY Kao 3rpafie Koje Ce KopucTe v
Cy Y BNACHWLWITBY LieHTpanHe Brage, a GpeKBeHTHO 1x
KOPUCTK Wupa jaBHOCT. MNpema [upekTrisn’, ose 3rpase
6v Tpebano aa Gyay Npumep WKUPOj jaBHOCTM 3060r Ha-
rnaliaBarba 3Hauaja NuTarba eHepruje n TpeTmMaHa oKpy-
Ketba 1 PeloBHO MoAJiexy NOCTynKy cepTrduKaLymje.

1.2 Knacudukauwja 3rpaga jaBHe HameHe y fomahoj
perynatusu

Mpema [MpaBWNHWKY O eHepreTckoj eduKacHOCTH
3rpapa’, cBe 3rpage Cy nofesbeHe y ykymnHo 10 KaTero-
pvja, 0ff KOjux Cy NpBe [Be CTambeHe 0K Cy ocTane He-
cTambeHe. lNpelysHuje, y CekTopy HecTambeHux 3rpaga
Pa3sNnKyjemo:

+  YNpaBHe 1 NOC/IOBHE 3rpaje

+  3rpafe HamehbeHe 06pasoBarby U KynTypu

+  3rpafe HamerbeHe 34PaBCTBY M COUMJANTHOj 3aWTUTY

+  3rpafe HamerbeHe TYpU3My 1 YrOCTUTE/bCTBY

+  3rpafe HamerbeHe CnopTy 1 pekpeaumjm

+ 3rpaje HamerbeHe TPFOBUHN 1 YCIYKHIM
fenatHocT1mMa

+  3rpafe MeloBuTe HaveHe

+ 3rpage 3a Apyre HaMeHe Koje KOpUcTe eHeprujy

Osa nofena 3rpafa je rotoso y Lenoctn ycknahera
Ca Knacuoukaumjom fatom InpekTmsom EBponcke yHuje
13 20105, y3 pasviky Koja ce ornefa y nocTojarby 3rpaaa
MELLOBMTE HaMeHe y HalleM 3aKOHOAaBCTBY.

“ 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
° [pasunHuk 3epada o eHepeemckoj equkacHocmu, Cryx6eHu
enacHuk Penybnuxe Cpbuje 6p. 61/2011

° DIRECTIVE 2010/31/EU OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL of 19 May 2010 on the energy performance
of buildings (recast)

importance of the issues concerning energy and en-
vironmental treatment; they should therefore be reg-
ularly subject to certification.

1.2 Classification of buildings for public use in domes-
tic regulations

According to the Rulebook on energy efficiency of
buildings,” all buildings were classified into 10 categories,
the first two of which are residential buildings while the
rest belong to the non-residential sector. More precisely,
the sector of non-residential buildings distinguishes the
following categories:
+administrative and office buildings;

educational and cultural buildings;

health and social care buildings;

tourism and hospitality buildings;

sports and recreation buildings;

trade and services buildings;

mixed-use buildings;

buildings for other uses that consume energy.

This classification of buildings is almost entirely in
line with the one presented in the EU Directive 2010,° the
only difference being the inclusion of mixed-use build-
ings in our legislation.

° Rulebook on energy efficiency of buildings. RS Official
Gazette No.61/2011

¢ Directive 2010/31/EU of the European Parliament and of
the Council of 19 May 2010 on the energy performance of
buildings (recast)
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[MPaBUIHNKOM O YCNIOBWMA, CaAPKMHN U HauMHY 1303~
Batba cepTUdMKaTa O eHEPreTCKMM CBOJCTBMMA 3rpajda’
y unaHy 14, 3rpafie jaBHe HameHe ce, AieTalbHuje, aedu-
HULY Kao HecTambeHe 3rpafe Koje KopucTe opraHn Ap-
aBHe ynpase, OpraHn ayTOHOMHMX MOKPajuHa, opra-
HW NIOKalHe Camoynpase, MHCTUTYUMjE U YCTaHOBE Koje
npyXajy jaBHe ycnyre 1 3rpage APYrvX jaBHWX HameHa,
nocnosHe 3rpafge 3a obaB/barbe AAMUHUCTPATUBHMX
NOCNOBa NPABHUX U GUMUKMX NULA:

1. 3rpaje opraHa [ApKaBHe YMpase, ayTOHOMHMX
MOKpPajuHa, jefnHMLA NTOKaTHE CaMOyMnpPaBe;

2. 3rpafie NpaBHUX N1UA C jaBHUM oBRaWwherbnma;

3. 3rpage CyAaoBa, KasHEHO-MOMPaBHMX YCTaHOBA,
3rpage Koje KOpUCTM MMHUCTapCTBO HaNeXHO 3a
nocnoee oabpaHe;

4. 3rpage MehyHapOAHUX WHCTUTYUW]a, KOMOPa, Mpw-
BPEAHMX acoumjaLivja;

5. 3rpage 6aHaka, WTearoH1Ua 1 ApY X GUHAHCUICKIX
OopraHunsauvja;

6. 3rpaje TProBuHa, pectopaHa, XoTena;

7. 3rpage NyTHUYKKX areHumnja, MapmuHa, Apyrmx yCinyx-
HVIX 1 TYPUCTUYKKX A€NaTHOCTY,

8. 3rpafe KenesHnyKor, NyTHOr 1 BasayWwHor caobpahaja,
3rpafe NowWTa, TeNekoMyHMKaLMOHVIX LeHTapa;

9. 3rpafe yHvBep3uTeTa 1 3rpafe Wwkona, BpTuha, jac-
NMLA, CTYAEHTCKUX M Haukmnx JOMOBa, 3rpaje AOMOBa
3a CTapuje ocobe;

. 3rpafe CNOpPTCKMX ApYLUTaBa 1 opraHu3aLuja, 3rpage
CnopTa v pekpeauuje;

11. 3rpafie KynTypHMUX HameHa — BLUOCKOMK, MO30PULLITS,
My3eju, ranepuje, KoHUepTHe ABOpaHe;

. 3rpafje HamerbeHe 3APaBCTBEHO-COLMjanHOj 3alTu-
TV, Kao ¥ 3rpaje HamerbeHe pexabunnutaumjm.

Mose ce BueTV aa Cy nojefuHe Kateropuje aetasb-
HUje carnefaHe, anu fja ce CyLWTUHCKM He MeHa OCHOBHA
nogena 3rpaga.

7 [paguiHUK o U Ha4YuHy ycio08uMd, CAOPXUHU U30asara
cepmugpukama o eHepeemckum c8ojcmeuma 3epaod, C.
enacHuk PC, 6p. 69/2012

In Article 14 of the Rulebook on conditions, content
and manner of issuing energy performance certificates,’
buildings for public use are defined in more detail as
non-residential buildings used by bodies of state admin-
istration, autonomous provinces, and local self-govern-
ment; institutions providing public services; buildings for
other public purposes; and, office buildings for adminis-
trative activities of legal and private entities:

+ buildings used by bodies of state administration,
autonomous provinces, and local self-government
units;

+ buildings used by legal entities holding public
authorization;

+ buildings used by courts, correctional institutions,
buildings used by the ministry in charge of defense
affairs;

-+ buildings used by international institutions,
chambers, economic associations;

-+ buildings used by commercial and savings banks
and other financial organizations;

+ buildings used by wholesale and retail trade,
restaurants, hotels;

-+ buildings used by travel agencies, marinas, other
service and tourist activities;

- rail, road and air traffic buildings, post offices,
telecommunication centers;

- buildings used by universities and similar
institutions, schools, kindergartens, nurseries,
student dormitories, nursing homes;

+ buildings used by sports clubs and organizations,
sports and recreation buildings;

- cultural buildings: cinemas, theaters, museums,
galleries, concert halls;

+ buildings used for health and social care, as well as
rehabilitation.

It can be seen that some categories have been con-
sidered in more detail, without any substantial change to
the original classification.

’ Rulebook on conditions, content and manner of issuing
energy performance certificates. RS Official Gazette No.
69/2012
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McToBpemeHo, MNpaBunHmnKom o knacndvikaumjv obje-
KaTa® Koja je u3paheHa 3a noTpebe aeduHUCaHba CTPYK-
Type 1 cafipaja NpojekTHe [OKyMeHTauuje HeomnxoaHe
3a cnpoBsoherbe 0bjeantbeHe npouenype’ ypaheHa je
JeTarbHa Knacudukaumja 3rpaga. M koa ose Knacuou-
Kalje NpBYX HEKONMKO KaTeropuja (3) umHe ctambeHe
3rpaje ca jefiHVIM CTaHOM, [1Ba UNK BULLIE CTAHOBA, 3rpaje
3a CTaHOBarbe 3ajefH1La, 10K Cy HeCTambeHe 3rpage no-
nerbeHe y cnenehe kateropuje:

« XOTenu 1 CinyHe 3rpage
-« MOC/OBHE 3rpaje
.+ 3rpafie 3a TProBYHY Ha BEVKO U Masno

3rpage 3a caobpahaj 1 KomyHmKaLmje
« WHOYCTPWjCKe 3rpafie W CKnaauiiTa
« 3rpafie 3a KyITYPHO-YMETHWUUKY AenaTHOCT 1

3ab6aBy, 0bpazoBatbe, OONHMLE 1 OCTane 3rpage 3a

3APaBCTBEHY 3alUTUTY
-+ ocCTane HecTambeHe 3rpafe

Kateropwuja ,3rpafie 3a KynTypHO-yMETHWUKY [enaT-
HOCT 1 3abaBy, 0bpa3oBatbe, OONHNULE 1 OCTane 3rpage
3a 3[1paBCTBEHY 3alWTUTY" 00yxBaTajy:

+  3rpafie 3a KyNTyPHO-YMETHUYKY AenaTHOCT 1 3abaBy

+ My3eje n brbnmoTteke

+ LUKOJICKe 3rpajie v 3rpafe 3a HayYHOUCTPaxKrBauKke
fenarHocTu

+ BONHWLe 1 ocTane 3rpaje 3a 3APaBCTBEHY 3aLUTUTY.

Cee pate knacmduKaumje Npeno3Hajy kao jeaHy of
Hajuewhwx KaTeropuja — 3rpafie HamerbeHe LWKOMCTBY.
HacynpoTt Tome, 3rpafie HamerbeHe 3a feyvje yCTaHoBe
HUCY V3ABOjeHe Yy nocebHy rpyny, Beh ce Hanase y rpy-
nauvjv 3rpafia HaMereHoj 30PaBCTBY W COLMjanHoj 3all-
TWTW. VI3y3eTak NpeacTas/ba Knacudukaumja y OKsupy
[paBWNHMKa O YCNOBMMA, CAAPXKUHM W HaumHy 13[a-
Barba CepTudmMKaTa O eHepreTCKMM CBOjCTBMMA 3rpaja,
rAe ce y OKBMPY KaTeropuje WKOMACKUX 3rpafa Hanase
3rpage Aeuvjux BpTMha, TO jecT 3rpade y Kojuma ce oba-
B/ba NPeALIKONCKo 0bpa3oBarbe (jacnuue, BpTuhny.

8 [lpasunHuk o knacugpukayuju objekama, Cryx6eHu 2nacHuK
Peny6nuke Cpbuje 6p. 22/2015

° [pasunHuk 0 nocmynky cnpogoherva objedurberHe npoyedype
e/1eKMPOHCKUM Nymem,

Cn.enacHuk PC, 6p. 113/2015,96/2016 n 120/2017

At the same time, the Rulebook on classification of
buildings,® whose purpose was to facilitate the definition
of the structure and content of the design documen-
tation required for the implementation of the unified
procedure,’ produced a detailed categorization. The first
three categories of this classification are also listed as res-
idential buildings, containing one housing unit, two or
more units, and multi-family housing, while non-residen-
tial buildings are divided into the following categories:

Hotels and similar buildings;

Office buildings;

Wholesale and retail trade buildings;

Traffic and communication buildings;

Industrial buildings and warehouses;

Buildings used for cultural and artistic activities

and entertainment, education, hospitals and other

buildings used for health care;

Other non-residential buildings.

The category of “Buildings used for cultural and artis-
tic activities and entertainment, education, hospitals and
other buildings used for health care”includes:

Buildings used for cultural and artistic activities and

entertainment;

Museums and libraries;

School buildings and buildings used for scientific

research;

Hospitals and other buildings used for health care;

All the classifications given above usually list a cate-
gory of buildings used for education. By contrast, build-
ings intended for the institutions of childcare are not list-
ed in a separate group but are included in a category of
buildings used for health and social care. The exception
is the classification given in the Rulebook on conditions,
content and manner of issuing energy performance cer-
tificates, in which the category of school buildings lists
kindergartens, ie. buildings of preschool education
(nurseries, kindergartens).

¢ Rulebook on classification of buildings. RS Official Gazette
No. 22/2015

° Rulebook on the procedure of implementing the unified
procedure electronically. RS Official Gazette No. 113/2015,
96/2016 and 120/2017
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Mpernenom Baxkehvx knacudurkaLmja 3rpaga 4ocTyn-
HWX Yy OKBMPY MOA3aKOHCKMX aKkaTa, Kao 1 Ha OCHOBY eB-
POMCKNX AVPEKTIBA, JaBHUM 3rpajama ce Mory cMaTpaTu
OHe Koje cy foctynHe sehem 6pojy moyawn. Jakne, 3rpage
HamereHe 06pa3oBakby, a TO Cy WKOMe 1 YCTaHOBe Ae-
unje 3aWTuTe, NpUNaaajy jaBHVM 3rpafaama v Nnpeamer cy
Haller Jarber UCTPaXkMBarba.

MocTtojehe KnacdurKaumje He Npyxajy roToBO HW-
KakBe MHGOpMaLMje noTpebHe 3a dopmUparse TMNO-
NOTWje WKOMCKKX 3rpafia, TO JecT 3rpafia Koje KopucTe yc-
TaHOBe Aeuvije 3aliTuTe, 1 carfieflaBarbe KBanuTeTa OBOr
Aena rpahesrHCKOr GOHAa MO KapaKTepucTnKaMa Koje
YTUUY Ha HeroBy eHepreTcky edukacHocT. Kako v ce
YTBPAWUIE peaHe eHepreTcKe KapaKTepuCTUKe 3rpaja,
UCMUTANMU MOJANUTETU HMXOBE OOHOBE (CMatbere MoT-
polWtbe eHepruje, To jecT emucuje YribeH-anoKCnaa) y3
NCTOBPEMEHO MofmM3atbe HUBOA KOMdOpa KOPUCHMKA,
HEeoOnXofHO je dopmupaTy ofgrosapajyhy metogonorujy
aHanm3e Kao NpefycioB CTBapakba TUMONoruje oBe Bp-
CTe 3rpafa. Y OCHOB 3a pa3Boj meToaosnoruvje yrpaheHo
je VICKYCTBO UCTPaXKMBaYKOr TIMa KOjU je paaro v Ha UC-
TpaxkuBarby 1 CTBaparby HaluvoHanHe Trnonorvje Cctam-
6eHuix 3rpapa’”.

Ycnea nporpamcKmx pasnmymtocT Koje nocToje 13-
mehy oBa [1Ba CermMeHTa 3rpafla HamerbeHrx 0bpasoBatby
¥ CoUMjanHoj 3aWTUTK Aele / Aeumnjm yCcTaHoBama, a 1c-
TOr METOAOMOWKOT NPUCTYNA Y NPYKYNIbakby NofaTaka 1
FbMXOBOj OOPaAV, aHanM3mn Kao 1 NpopadyHMa, Y1Tasa
CTyAMja, Kao 1 TUNOMOLWKa KNacuduKaLumja, NofebeHa je
Ha Tpw fena:

« Krbura 1 32pade wKosckux u npedWKoICKUX ycma-
HOo8a — MemoOOJIOWKU OK8UP (hopMupdrbd muno-
Jio2uje u noborewarea eHepeemcke egpukacHocmu
00yxBaTa aHanm13y Nponuca Koju ce ofHoCe Ha oBe
TMNOBe 3rpada, objallbaBa METOAOMOWKM NPUCTYM
M npeseHTyje AedvHMCaHe TUMOMOWKe MaTpu-
Le. Takohe, y 0BOM fieny CTyavje, Npe3eHTOBaHN Cy
pe3ynTatM npopauyHa YyHanpeherba eHepreTckux

'%Jogarosuh Monoswh M, Ursatosuh [. (yp), (2013).
HayuoHanHa munonoeuja cmamberux 3epada Cpbuje/
National Typology of Residential Buildings in Serbia, beorpag,
APXUTEKTOHCKM GakynTeT YHuBep3wuTeTa y beorpaay 1 GIZ
(nBOje3VUHO M3aatbe)

The review of the currently valid classifications of
buildings given in by-laws and based on European di-
rectives suggests that public buildings can be regard-
ed as buildings that are accessible to a large number
of people. Consequently, buildings used for education,
which are the subject of the present research focused on
schools and childcare institutions, belong to the catego-
ry of public buildings.

Regarding the formation of the typology of school

buildings and buildings used by childcare institutions,
which would aim to assess the quality of this segment of
the building stock through the characteristics affecting
their energy efficiency, the existing classifications provid-
ed hardly any relevant information. A realistic assessment
of the energy performance of buildings and their reno-
vation potential to reduce energy consumption or CO,
emissions while raising the level of user comfort required
an adequate analysis methodology upon which to form
the typology of this building category. Such methodol-
ogy was developed using the experience of the research
team that had worked on the research and formation of
the National typology of residential buildings.”
Owing to both the programmatic distinctions between
the two segments of buildings used for education and
social childcare, and the similarities in the methodologi-
cal approach to data collection and analysis as well as
further calculations, the entire study and the typological
classification was divided in three parts:

Book 1 School and Kindergarten Buildings — A meth-

odological framework for the formation of typology

and the improvement in energy efficiency includes
the analysis of regulations relating to these types
of buildings, explains the methodological approach
and presents the defined typological matrices. Be-
sides, it provides the results of the calculations for
the improvements in energy performance of build-
ings and for the possible energy savings as well as
the reductions in carbon dioxide emissions that can
be applied to the territory of the Republic of Serbia

1% Jovanovi¢ Popovi¢ M., Ignjatovi¢ D. (Ed.), (2013). Nacionalna
tipologija stambenih zgrada Srbije/National Typology of
Residential Buildings in Serbia, Belgrade: University of Belgrade
Faculty of Architecture and GIZ (bilingual edition)



KapaKTepucTuKa 3rpaja 1 u3padyHate moryhe yuite-
[ie Y eHEPIUjK, Kao 1 CMarberbe eMmncuje yribeH- an-
OKCMfa Koje Ce Ha Taj HauMH NOCTVKE 3a TepuUTopujy
Peny6nuke Cpbuje (y cTyamjn Huje obyxsaheHa Tepw-
Topuja Kocosa 1 MeToxwje).

Khbura 2 Tunosnoazuja WKOCKUX 32pada Koja je noc-
BeheHa LWKONCKMM 3rpagama, Aaje npuHUMNE W
orpaHunyersa npu Gopmuparsy TUMNOMOLKE MaTpu-
Le Wwkoma, aeduHMCaHy MaTpuLy, Kao 1 npopady-
He eHepreTcKMx KapakKTepuUcTuKa 3a ofabpaHe Tu-
nonouwke penpeseHTe. [popadyHn eHepreTckux
nepbopmaHcK cy 13BpLIEHW Y cKnady ca Bakehom
perynatveom, y3 aeduHucarbe npemnopyka 3a fo-
Gorblatbe eHepreTcke eGrKacHOCTY 3rpada. Y OBOM
Cny4ajy Cy, 3a pa3nnky of HauwoHanHe Tvnonoruje
CTambeHux 3rpaga, yHanpehera npeasubeHa Kpo3s
Tpu moryha HuBoa NpuMeHom ofrosapajyhvx na-
KeTa Mepa. Mmajyhv y Buay NPUMEHBUBOCT MeTo-
nonoruje, yeta cy y 0031p TeXHUMYKO-TEXHOMOLLIKA
pellerba MnpunaroheHa KapakTepucTvKama 3rpaga
1 MOrYRHOCTMMA TPXMLITA, TO JeCT eKOHOMCKIMM Ma-
pameTpyma. 3a CBe HMBOe yHanpehera 13padyHaT
je noTeHuMjan pefnykumje noTpebHe eHeprvje 3a
rpejarbe, TO jeCT CMarberba eMUChje YribeH-4NOKCU-
113, KaKO 3a MnojefiHauHe TMMOBE Tako M 3a LiefloKy-
MaH cermMeHT rpaheBnHCKOr doHAa Ha HKBOY Peny-
6nuke Cpbuje.

Krura 3 Tunosoeuja 32pada npedwKoackux ycma-
Hosa je noceeheHa 3rpaflama Koje KopucTe yCTaHo-
Be fleuuje 3aWTnTe Y UMa UCTY CTPYKTYPY W Cafpaj
Kao n Krbmra 2.

School and Kindergarten Buildings — A methodological framework for the formation of typology and the improvement of energy efficiency

(the study does not include the territory of Kosovo
and Metohija).

Book 2 Typology of School Buildings presents the de-
fined matrix following the insight into the principles
and limitations of its formation, and provides the cal-
culations for energy performance for selected typo-
logical representatives. The calculations were car-
ried out in accordance with the current regulations,
and were followed by recommendations for improv-
ing the energy efficiency of buildings. In comparison
with the National Typology of Residential Buildings,
there are three proposed scenarios for improve-
ment by the application of the appropriate package
of measures. Taking into account the applicability of
the methodology, the proposed technical and tech-
nological solutions were adjusted to the character-
istics of buildings and the market potential, i.e. eco-
nomic parameters. The potential for reducing the
required heating energy and CO, emissions was cal-
culated for all levels of improvement, both for the in-
dividual building types and for the entire segment of
the building stock in the Republic of Serbia.

Book 3 Typology of Kindergarten Buildings considers
the buildings used by childcare institutions and has
the same structure as Book 2.

wi
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2. PA3BOJ U3rPAARE WKONCKUX 3rPAJA U YCTA-
HOBA EYMJE 3AWUTUTE

2.1 lkoncke 3rpage

AHanunaupajyhv 06pa3oBHM NpoLec ca CTaTUCTUYKOD
acnekTa, Moxemo pehn fa ce nof nojMoMm LWKoMa Mog-
pasymeBa 006pa30BHO-BaCMUTHA YCTaHOBa WAV [pyra je-
AVHMLUA Koja obaB/ba OOPAa30BHO-BACMUTHY AENaTHOCT
OCTBapVBakeM HaCTaBHOr MaHa 1 nporpama, 6e3 063u-
pa Ha TO Aa N je pey O CaMOCTaHOj WKOMM MW NOAPYY-
HOM Ofiefbehby OCHOBHe WKone. OCHOBHO 0OpasoBatbe
Tpaje ocam roaunHa. OCHOBHe LWKoe Mory Ut opraHu-
30BaHe Kao 4eTBOpOpaspefHe, NetopaspefHe, WecTo-
pa3peaHe (HenoTnyHe) 1 ocmMopaspefHe (MoTnyHe) oc-
HOBHe WKone (MeTononowko objalirberbe Penybnmukor
3aBOfa 33 CTaTUCTMKY)'!

OcHoBHa Mofena HvBoa 0bpasoBatba KOjy MOXe-
MO YCBOJUTN Ce OfHOCK Ha: MPEeNWKOCKM, WKONCKN,
CPEfHOLWKONCKN 1 BUCOKOLIKONCKM HNBO, Of KOjUX CBa-
K1 nocepyje n3pasnte cneyndruHoOCTY, Kako ca acrnekTa
opraHu3aluje obpa3oBHOr NpoLieca Tako v ca acnekTa
NPOCTOPHO-MaTepHjanHux NoTpeba.

Ob6pa3zoBHY MpoLec Yk/bydyje rotoBo 18% nonyna-
umje. MNpema nogauyma 3a wroncky 2013/2014. rognty, y
06pa3oBHM Npolec je brnno ykbydeHo 1 285 054 nuua'.
Op Tor 6poja, y NpeALIKoNCckom obpa3oBarby yuecTBOBa-
no je 14,7%, y ocHoBHoM 45,6% , cpearsem 20,8%, a y BU-
cokom 18,9% nonynauuje. 3a wkoncky 2017/2018. rogn-
Hy (ca npernenom TpeHaosa of 1970. roanHe) nofaum cy
npuvKasaHu y Tabenu 2.

' Peny6nmka Cpbuja Penybnmuki 3aBo 3a CTAaTUCTUKY,
MeTofoMowWKa objallmetba: http://webrzs.stat.gov.rs/WebSite/
Public/MethodologyHelp.aspx?IndicatorlD=110201INDO1&sA
reas=false

12 Peny6nmka Cpbuja Penybnmuki 3aBo 3a CTAaTUCTUKY,
CTATUCTUYKM TOAWLWHbAK, http://pod2.stat.gov.rs/
ObjavljenePublikacije/G2014/pdfE/G20142013.pdf

2. DEVELOPMENT OF BUILDINGS USED BY SCHOOLS
AND CHILDCARE INSTITUTIONS

2.1 School buildings

If the educational process is examined from a statisti-
cal viewpoint, the term “school” denotes an educational
institution or other such unit that performs educational
activity through the implementation of a curriculum, re-
gardless of whether it is an independent school or a dis-
trict department of a primary school. Primary education
lasts eight years. Primary schools can be organized as
four-grade, five-grade, six-grade (incomplete) and eight-
grade (complete) primary schools (the methodological
explanation of the Statistical Office of the Republic of
Serbia)."

The basic division into levels includes preschool, pri-
mary, secondary, and tertiary education, each of which
is determinately distinct from the others in the organiza-
tion of the educational process as well as in the spatial
and material requirements.

In some form, the educational process involves near-
ly 18% of the population. According to the school year
2013/14 data, 1,285,054 persons were included in the
educational process.”” Out of that number, 14.7% were
in preschool, 45.6% in primary, 20.8% in secondary, and
18.9% in tertiary education. The data for the school year
2017/18 (with a review of trends since 1970) are shown
in Table 2.

' Retrieved from the Statistical Office of the Republic of
Serbia, methodological explanations: http://webrzs.stat.gov.rs/
WebSite/Public/MethodologyHelp.aspx?IndicatorlD=110201IN
D01&sAreas=false

12 Retrieved from the Statistical Office of the Republic

of Serbia, Statistical Yearbook, http://pod2.stat.gov.rs/
ObjavljenePublikacije/G2014/pdfE/G20142013.pdf
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Tabena 2. O6bpasosHM Npouec y Penybnuum Cpbujn 3a Table 2. Educational process in the Republic of Serbia for
nepuop 1970-2015, HyMepuyKn Nokasatesby 3a CBe HMUBOE the period 1970-2015, numerical indicators for all levels of
obpasoBarba'’® education'’®
HaCTa‘BHO ocobrbe YueHuuw/crypeHT
Teaching staff Pupils/students
C nyHUM pagHM Koju cy 3aspwmnu
fognHa Opervera YKynHo BPEMEHOM YKynHO LIKOMOBatbe
Year Classes Total Full-time Total Graduated
1970. 49 286 92 075 67 049 1530906 200333
1980. 56 081 121940 81454 1733362 256 439
1990. 58 959 96 314 90 134 1710178 254 923
2000. 43573 81325 67 059 1262934 194 194
2003. 43614 83912 68 050 1199 234 193 034
2004. 43639 85556 68333 1183816 187243
2005. 43 606 87333 69 341 1198028 189 886
2006. 43055 88643 69112 1177 225 186 108
2007. 42 634 89372 69014 1153782 189678
2008. 42570 94 196 71143 1158774 198 310
20009. 42 366 95611 71084 1118133 197738
2010. 40 849 97 857 64974 1107215 203752
2011, 39250 98 184 64 941 1097 780 198 396
2012. 37636 100 137 64951 1101172 199120
2013. 37012 99 556 63790 1095 750 194 579
2014, 37016 100 339 63477 1082433 190817
2015. 36932 101 063 63402 1077 044 193128
OcHosHO
Obpasosaree 26.004 54770 32361 566 296 68888
Primary
education
Cpenre
Obpasoearse 10928 30634 17163 259586 73914
Secondary
education
Bumcoko
obpasosaroe - 15659 13878 251162 50326
Tertiary
education
1 y3Bop Peny6nnuKmM 3aBOA 3a CTAaTUCTUKY: http://webrzs. 1% Retrieved from the Statistical Office of the Republic
stat.gov.rs/WebSite/repository/documents/00/02/80/91/ of Serbia: http://webrzs.stat.gov.rs/WebSite/repository/
StatistickiKalendarRS2018.pdf documents/00/02/80/91/StatistickiKalendarRS2018.pdf
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2.1.1 VicTopwjcku pa3Boj LWKOACKOT cncTeMa

Moyewum MHCTUTYLMOHANHOT NpoLieca obpasosatba y
Cpbuijv natnpajy 13 11.1 12.BeKa, Kafla Cy NPy KaTonmy-
KM MaHacTmpuma y Tuteny v bady, y aaHaw0j Bojso-
AVIHY, OCHMBaHe npse Wwkone. Obpasoatbe ce 0ABMjano
'y MaHacTprma Cpncke npasocnasHe Lpkse: Conoha-
HUMa, MNehkoj naTpujapwmjn 1 CryaeHuun. Mocne naga
CPRCKe CpefrbOBEKOBHE APXKaBe, Y JyXKHUM KpajeBima
je npolec obpa3oBarba rOTOBO Y MOTAYHOCTM ObycTa-
B/beH. [ocne Benvike ceobe y Ayctpujy 13 1690. roante,
Cpbu cy ce HawnmM Noa BenuKMM NpuTMckom Katonmu-
Ke upkBe 1 6e3 MKaKBMX MpaBa Ha LUKOMOBake Ha Ma-
TeprbeM je3nky. Tek 1727. roanHe fobuja ce Ao3sona fAa
Ce MOry OCHMBATW LWKOMe, anu Huje 61no obpasoBaHux
v 0ByUYeHMX Jbyan Koju b1 cnpoBognnv obpasosarbe Te
je 3aTpaxeHa nomoh of Pycuje 13 koje fonase yuutessu
Makcum CyBopos 1 KacHuje [etap Cysopos (1721).
Mpea CnasjaHcKa Wkona obpasosana je nonasHuke Ha
PYCKOC/IOBEHCKOM je3uky. KacHuje, npodecop EmaHyen
Ko3zaumHcku (1733) ocHrBa CNnaBeHCKO-NATUHCKY LUKONY
(Collegium slaveno-latino carloviciense), npey noTnyHy
rumHasmje kog Cpba. ABpam Mpaszosuh je 1. maja 1778.
rognHe, y Combopy, OCHOBAO CPMCKY OCHOBHY LWKOY
,Hopma’, HajcTapujy ycTaHOBY 3a 06pa3oBarbe yunTesba
33 C/I0BEHCKO CTaHOBHWMLWTBO Ha jyry Espone. Kapno-
Bauky mutpononut CresaH CTpaTummnpoBuh je nocne
BULLErOAMWHMX Hanopa ycneo Aa fobuje onobperbe
of Vinupcke aBOpCKe KaHLenapuje 3a ocHrBarbe Cpnc-
Ke rumHasmje 11. oktobpa 1791, WTo ce cmaTpa AaTyMOM
OCHMBarba rMmMHasunje y Cpemckim Kapnosumma'. Yc-
noCTaB/beHW c1cTem obpasoBatba ce ybp3aHo pasBuja
Te ce TOKOM 19. BeKa Mpexa LWKOMa WMPK 1 YCNoXHbaBsa
Ha uenoj Teputopujn Cpbuje.

[MPBM 3aKOH O perynmcarsy WKONCTBa, YCTPOjerbe 0C-
HOBHWX LLIKONA, 06jaB/beH je 1844."° roanHe, NoToM cnefie

“YcTopwjaT Kapnosauke rumHasuje (https://sites.google.com/
site/karlgimn1/o-skoli/istorijat-skole)

1> Yempojerve jagHe yqunuwHe Hacmase, KHexesnHa Cpbuja,
1844.

2.1.1 Historical development of the school system

The beginnings of institutional education in Serbia
date back to the 11" and 12™ centuries, when the first
schools were established in the Catholic monasteries in
Titel and Bac in Vojvodina. Education was also provid-
ed in the monasteries of the Serbian Orthodox Church:
Sopocani, the Patriarchate of Pe¢, and Studenica. After
the fall of the Serbian medieval state, the education pro-
cess was almost completely suspended in the southern
parts of the region. After their great migration to Aus-
tria in 1690, the Serbs came under great pressure from
the Catholic Church and had no right to study in their
mother tongue. It was only in 1727 that they were per-
mitted to establish schools. At the time, scarcity of teach-
ing staff prompted a request for help from Russia, which
sent Maxim and then Peter Suvorov as teachers (1721).
The students of the first Slavic school were taught in
the Church Slavonic language. Later, Emanuel Kozach-
inski (1733) founded the Slavic-Latin school (Collegi-
um slaveno-latino carloviciense), the first full grammar
school among the Serbs. In Sombor on May 1, 1778,
Avram Markovi¢ founded “Norma’, a Serbian primary
school and the oldest institution for the education of
teachers for the Slavic population in Southern Europe.
After years of struggle, Stevan Stratimirovi¢, the Karlovci
Metropolitan, managed to obtain approval from the lllyr-
ian Imperial Chancery for the establishment of the Serbi-
an Gymnasium (Grammar School) on October 11, 1791,
which is considered as the founding date for the Srem-
ski Karlovci Grammar School.™ During the 19th centu-
ry, these first steps in establishing the education system
were followed by the expansion and greater complexity
of the school network throughout the territory of Serbia.

The first law that regulated primary education was
enacted in 1844,” and was followed by the regulations

'“The history of Karlovci Grammar School (https://sites.google.
com/site/karlgimn1/o-skoli/istorijat-skole) [in Serbian]

"> Principality of Serbia, “The organization of public school
education’, 1844 [in Serbian]
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nponucy 13 1863.'%,1868." na bu rognHe 1881. 6ro obja-

B/beH 1 [MpaBuna o rpaherby WKOMA ¥ O HaMeLLTajy LWKOA-

CKOM'®, BOKYMEHT KojuM ce ypehyjy npasuna rpahersa.
OBMM NpaBuUIMMa Cy jaCHO AedUHMCaHW NONOXKaj 1

CTPYKTYPa WKOAMCKe 3rpage, 001K, BENNYMHA, NONOXa)

1 OpujeHTaumja yurmoHuLe, anu 1 oapeheHn maTepujanm

1 enemeHT Off KOjWX Ce 3rpaja rpaan, Ynime je npew nyT

Y WCTOPWjU CPMCKOT LKOJCTBA, Ha MOCPEeAaH HauuH, of-

pebheH KBanuTeT Komdopa, ann 1 TEPMUYKE KapaKTepuc-

TVIKe 3rpafe.

MpaBunHMKOM je yTBPHEHO Aa:

+  3rpafla Mopa OMUTW Ha 3[1PaBOM TEPEHY, yhasbeHa Of
ynuLe Hajmakbe 7 m ca npefbatitom

+  3rpafja Mopa bUTK 3uaHa o UBPCTOr MeTepujana ca
NOAEOHMM 310M 13MeRy yunoHmLa AebrbrnHe Makap
jeaHe oneke paau 3By4He 13onauuje

+ YuMoHuUe Tpeba fia UMajy jy»kHy opujeHTauujy (koa
BehVx 3rpafa je AO3BO/bEH MpaBall U jyromMCTOK,
jyroszanag)

+  [OMMEH3Mje YUYMOHMLE Ce orpaHnyaBajy Ha ayxuHy 10
M W WKUPWHY 7 M (NoxerbaH OfHOC 3:5), BUCUHY Haj-
Matbe 3,5 m, anu ce yCI0B/baga [a Ha CBAKOT yUYeHU-
Ka 1ona3n M1H 1,5 m?, To jeCT 6poj yueHrKa ce orpa-
HMYaBa Ha 45.

«  MpO30pK MOCenyjy Hajmarbe MOBPLUMHY KOja OAro-
Bapa 1/4 noBpluMHe Mofda KOA 3aceHuYeHMX floka-
umja, ofgHocHo 1/6 kop cnoboaHocTojehurx 3rpaaa,
NpaBUHOr Cy OBMMKa W MOCTaB/bajy Ce Ha BUCUHY
LWKOMCKE KIyne, Tako Aa CBETIOCT [0M1asn ca fiese
CTpaHe, ABOCTPYKM Cy, YUETBOPOAEHN; Marbk FTOPHM
MpOo30pK Ce 0TBapajy OKO [OHe XOPU3OHTaNHe 0Co-
BMHe Kako 61 ce obesbeamna fobpa BeHTWNaLwja
CBEXMM Ba3lyXOM KOju Ce yCMepaBa Ka niadoHy.

1% 3aKkoH ycmpojcmaa ocHo8HUX wikona, KHexesnHa Cpbuja,
3acTynHUK MUHUCTPa NpocBeTe 1 UPKBEHUX Aena MuHUCTap
durHaHcmja K. Liykunh, 1863.

7 Ulkone y Cpbuju, M.Hh.Munvheswh, JpxasHa LUtamnapuija,
1868.

18 [Ipasuna o epaberby WKoA U Hamewmajy WKO/ICKOM,
MuHucTapcTso npocsete KnexesnHe Cpbuje 1881, MuHncTap
Cr. HoBakoswh

of 1863,'° and 1868." In 1881, the Rules on building
schools and on school furniture were adopted.™
The Rules clearly defined the position and the struc-
ture of the school building, its form, size, and the orien-
tation of the classroom. It also stipulated the particular
building materials and elements, which was the first time
in the history of Serbian education that, although indi-
rectly, the standards of comfort and thermal characteris-
tics of the building were introduced.
Namely, the Rules stipulated that:
The building must be on a healthy terrain, with 7 m
minimal distance from the street and with a front
garden;
It must be built of solid material, with a partition wall
between classrooms of at least 1 brick thickness for
sound insulation;
The classrooms must have southern orientation
(southeast and southwest are also allowed for larger
buildings);
The dimensions of the classroom are limited to: 10 m
in length and 7 m in width (preferred ratio 3:5), with
a minimum requirement of 1.5 m? per student, thus
limiting the number of students to 45;
The minimum window area should correspond to
1/4 of the floor area for shaded locations, or mini-
mum 1/6 for freestanding buildings. The windows
must be of regular shape, and be placed at the height
of the desk so that the light comes from the left. They
are double-framed double sashes with smaller top
sashes with a bottom pivot that allow for adequate
ventilation toward the ceiling.

'® Law on the Organization of Primary Schools, Principality of
Serbia, Deputy Minister of Education and Ecclesiastical Affairs
Minister of Finance K. Cuki¢, 1863 [in Serbian]

'7Schools in Serbia, M. B. Mili¢evi¢, Drzavna Stamparija, 1868
[in Serbian]

18 Rules on building schools and on school furniture, Ministry
of Education of the Principality of Serbia, 1881, Minister St.
Novakovic [in Serbian]



20

3rpane LWKONCKUX U NpedlKONCKMX yCTaHOBa — METOAOIOWKN OKBUPD d)opMleaH;a TI/II'\OJ'IOI'I/Ije 1 nobosbluarba eHepreTcke e(bl/\ KaCHOCTK

Tokom 20. BeKa iOHeT je Behu 6poj 3aKOHa 1 NPaBUIHNKA
KOj1 Cy Npeum3HO AeduHUCan CTRYKTYPY LKOMA, Kao U
FOVIXOBE KapaKTepuCTHKe.

2.1.2 3akoHcKa perynatiea Cpbuje

3aKoHCKa perynaTnea koja obpahyje TemaTuky WKo-

NOBakba W WKOMCKMX 3rpafla Ce MOXe CBPCTaTu Y BHULLe

Kateropuja:

1. 3aKOHN

2. MPaBUAHMUM (33 NPOjeKTOBarbe LLKONCKKMX 3rpaja)

3. MPaBWIHULM KOjU PETynully eHepreTcky edwkac-
HOCT 3rpaja (WKoncke 3rpafe Mopajy 3afoBOSbUTK
CBe YC/OBe Kao 1 3rpaje Apyre HameHe, JOK ce Npo-
M1CaHW HUBO eHepreTcke edrKacHOCTH 1CKa3yje Ha
nocebHom popmynapy HaMeHEHOM 3rpafiama 3a 0b-
pa3oBarbe 1 KynTypy)

3aKOHCKMM aKTIMa je, MPeBacxoaHo, iedUHUCaH Ha-

YMH GYHKUMOHWCarba 0BPA30BHUX UHCTUTYLMjA, HKXO-

Be CTPYKTYpe, HMBOA U cneumndunuHoCTL. Ycnes pasnu-

YMTOCTU 1 [PYLWITBEHOr 3Hayaja CrcTeMa 0bpa3oBarba,

NOCe6HM 3aKoHW Cy nocseheHn OCHOBHOM 1 CPEAHOLL-

KONCKOM BacmwuTarby M obpasoBakby'® OAHOCHO BMCO-

KOLWKONCKOM 06pa3oBakby™.

[lenatHoCT 0bpa3oBatba M BaCmuTakba Ce CTora Moxe
pa3aBojUTY Ha:

1. NpeawKoncKo BacnuTarbe 1 06pa3oBarbe —
NpeaWKoNCcKa yCTaHoBa;

2. OCHOBHO LLIKOSICKO BaCMnu1Tarbe 1 0bpa3oBarbe —
OCHOBHa LLIKOMa, OCHOBHA LLIKOSa 33 06pa3oBarbe
0fPaC/IMX, OCHOBHa My3WUKa, OAHOCHO HaneTcKa
LIKOMa U OCHOBHa LLKOMa 3a 06pa3oBarbe yUeHUKa ca
CMeTHama Y pasBojy;

3. CPeaHOLLIKOMCKO BaCMUTakbe M 00pa3oBatse —
Cpeftba WKOMa, rMMHasuja (onTa 1 cneumjanvsosa-
Ha), CTPYYHa LIKOMa, MeLoBMTa WKona (rMMHasvja v

19 3aKoH 0 OCHOB8aMa cucmema 0bpazosarea U 8acnumarea

, Cn. enacHuk PC, 6p. 72/2009, 52/2011, 55/2013, 35/2015-
ayTeHTUYHO Tymauerbe, 68/2015 1 62/2016-oanyka YC)

20 3gKkoH 0 8UCOKOM 06pasosarsy, Cr. enacHuk PC, 6p. 76/2005,
100/2007 — ayTeHT1YHO Tymaderbe, 97/2008, 44/2010, 93/2012,
89/2013,99/2014, 45/2015 — ayTeHTUUYHO Tymauderse, 68/2015

1 87/2016)

In the 20" century, a number of laws and regula-
tions were passed that precisely defined the structure of
schools and their characteristics.

2.1.2 Serbian legislation

The legislation governing education and school build-

ings can be classified into the following categories:

1. Laws;

2. Rulebooks on school building design;

3. Rulebooks on energy efficiency of buildings (School
buildings must meet all the conditions as other
buildings, while the required energy efficiency level
is given on a special form intended for buildings used
for education and culture)

The legislation primarily defines the manner of func-
tioning of educational institutions, their structure, level
and specificities. Due to the diversity and social impor-
tance of the education system, separate laws are dedi-
cated to primary and secondary education,'® and higher
education.”®

Therefore, the activity of education can be divided
into:

1. Preschool education and childcare—kindergarten;

2. Primary education—primary school, primary school
for adult education, primary music or ballet school,
and primary school for pupils with disabilities;

3. Secondary education—secondary school, such as
grammar school (general and specialized), vocational
school, mixed school (grammar with vocational or art
school), art school, secondary school for adult educa-
tion, and secondary school for pupils with disabilities.

19 Law on the Foundations of the Education System, RS Official
Gazette, No. 72/2009, 52/2011, 55/2013, 35/2015—authentic
interpretation, 68/2015, 62/2016—CC decision

> Law on Higher Education, RS Official Gazette, No. 76/2005,
100/2007—authentic interpretation, 97/2008, 44/2010,
93/2012,89/2013,99/2014, 45/2015—authentic interpretation,
68/2015,87/2016
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CTPYYHa MW YMETHIUYKA), YMETHUUKA LUKOMA, CPEeAHa
LWKora 3a 06pa3oBarbe OAPACVIX U CPeArba LIKONa 3a
yUYeHVKe ca CMeTHbaMa y pa3sojy.

[pOCTOPHW 1 APy CTaHAAPAW KOjU Ce MOCTaB/bajy
npea 3rpafle HamereHe 0Opa3oBarby Cy AedUHMUCaHM
oproeapajyhvm npasunHuummMa. buma ce 6nnxe aedu-
HYILLY HOPMe M3rpaarbe, KBanuTeTa 1 onpemarba camor
npocTopa 06pasoBHUX MHCTUTYUWja. Y Tabenama 3 v 4
je paT npernen OCHOBHMX 3axTeBa AedUHMCAHMX Pa3nn-
YUTUM NpasunHMLMMa Y neprogdy 1863-1990. roanHe 3a
OCHOBHe ¥ Ccpefrbe WKone. Ha ocHoBY npurkasaHnx no-
[aTaka y oBum Tabenama je moryhe carnegaTti npouec
YCNOXHbaBarba YCI0Ba Koje MOPajy MCMYHWUTU WKONCKe
3rpaje, HapounTO Kafa Cy y NuTakby YCNOBM BE3aHM 3a
obe3beherbe Kompopa yueHwKa.

Tabena 3. LLIkoncke ycTaHoOBe — CTaHAAPAM U3rpafirbe,
VCTOPVJCKI Mpernes

Spatial and other requirements for buildings intend-
ed for education are defined in the respective Rulebooks,
which specify the detailed criteria for their construction,
quality and furnishing. Tables 3 and 4 give an overview
of the basic requirements defined across various regu-
lations for primary and secondary schools for the peri-
od 1863-1990. The information presented in these tables
can provide insight into the increasingly elaborate con-
ditions that school buildings have had to fulfill, especially
those related to ensuring student comfort.

Table 3. Primary school facilities — building standards, a
historical overview

LIKONCKE 3rPALE PRIMARY SCHOOL BUILDINGS

1854 - 1881 - 1899 - 1930 - 1990 -
Mpasuna 3a Mpaswna o Mpasuna o Mpasuna o [pasunHmnk o
rpahetse rpaherpy Wkona” |rpahetpy Wwkona” |rpaherby Wkona* [HopmaTVBMMa
LUKOMCKMX Rules on building |Rules on building |Rules on building |wkonckor
3rpaga’’ schools? schools? schools? npoctopa”
Rules on Rulebook on
school building the standards
construction?' for school
environment”
[BOPULLITE (m?*/no petety) |/ / / / min 5,0 m?
MNOBPLWWHA YARD (m?*/child)
AREA 3rPAIA (m?/no petety) / 1,5m min. 1,1 m? min. 1,1 m? 18m?
BUILDING (m?/child)
BUCVHA MPOCTOPWIE ROOM HEIGHT / 35m 35-4m 35-4m 3m
CMNPATHOCT NUMBER OF FLOORS / / / / max P+2
jyroncTtok/ jyroncTtok/
OPVIJEHTALIVIA NCTOK/JyroncToK  |jyr/ucTok ceseposanag cesepo3sanag jyromcrtok
ORIENTATION east /southeast south/east southeast / southeast / southeast
northwest northwest
BPOJ M3MEHA BA3OYXA/h |/ / / / 4
AIR CHANGES/h
MAKC. BP3MIHA BA3YXA |/ / / / /
MPOBETPABARE  |[MAXIMUM AIR VELOCITY
VENTILATION 3AXTEB 3A MEXAHWYKOM |/ / / / na
BEHTVNALIMIOM yes
REQUIRES MECHANICAL
VENTILATION
WNPNHA XOOHWKA / max. 300 cm 225cm -300cm |225cm -300cm 240 cm
CORRIDOR WIDTH
KOHCTPYKTVBHW CCTEM / / / / /
LOAD-BEARING STRUCTURE
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OCBET/bEHE / / / / 150 Ix
LIGHTING
TEMIMEPATYPA / / 19°C 19°C 20°C
TEMPERATURE
LPEEAJTAHTGE HAYH TPEJAFDA / LieHTpanHo / / LieHTpanHo
MODE OF HEATING rpejarbe rpejare
central heating central heating
VHCTANTAUMIE / favyes / favyes /
INSTALLATIONS
MATEPUJATT / TBPAO APBO TBPAO APBO TBPAO APBO /
MATERIAL hard wood hard wood hard wood
BOJA COLOR / / / / /
MOAOBK
FLOORING % PEQIIEKCMIE / / / / 40%
% REFLECTION
KAPAKTEPUCTIKE / / / / TOMAN, FNaTKN
PROPERTIES warm, smooth
MATEPVJAT MATERIAL / oneka brick oneka brick oneka brick /
BOJA COLOR / / / / /
3100BK 9% PEQDIEKCWJE 9% REFLECTION |/ / / / /
WALLS 3BYYHA M30NTALUMIA / nayes favyes favyes nayes
SOUND INSULATION
TOMNOTHA M3ONAUMIA |/ / / / nayes
THERMAL INSULATION
TN 3ACTAK/bEFDA / NBOCTPYKO NIBOCTPYKO [IBOCTPYKO QBOCTPYKO
GLAZING double double double double
BMCKHA MAPAMETA / 10 CKamuje / / /
MPO30PY PARAPET HEIGHT to the desk
WINDOWS OVMEH3WJE SIZE / 1/6 noBpLuHe noga|1/6 nospLmHe Nofdall/6 nosplwmHe noga|l/5 noBpLUMHe nofda
1/6 of floorarea  [1/6 of floorarea  |1/6 of floorarea  [1/5 of floor area
3ACEHYEHE SHADING / navyes / /
OTBAPAFEOPENING / / / / /
LWWPUHA / b=130cm b=100 cm b=100 cm b=180 cm
BPATA WIDTH [IBOKPWIIHA jeAHOKpWHa jeHOKpUHa [IBOKPUIHA
DOORS double single single double
HAOCTPELIHMLIA AWNING |/ / / / navyes
MATEPWJAT MATERIAL / / / / /

2 [paguna 3a epaberve wKosckux 3epada (1854) noHeta of
CTpaHe MuH1CTapcTBa NpocBeTe — npey3eTo 13 Munax b.

Munvheswh, lWkone y Cpbujn— of noyeTka 0BOr BeKa [0 Kpaja

lwKoncke 1867. roguHe, beorpap, [ipxasHa wramnapwja, 1868.
2 [Ipasuna o 2paherby WKOA U O HAMEWMAJy WIKOSICKOM
(360pHMK 3akoHa 1 ypenaba y Krbaxesctay Cponju. 36,
n3faHvx og 18. aerycta 1880. go 26. jyHa 1881.) beorpag,
[paBHa Wramnapwja, 1881.

% [Ipasuna o epaherby WKOAA U HAMEWMAJy WIKOICKOM,
beorpap, ApxasHa wramnapuja Kparesute Cpbuje, 1899

* Pravila o gradenju Skola i namestaju skolskom. Uciteljski tovaris,
1930.

% [IpagusiHUK 0 HOPMAMUBUMA WKOJICKO2 NPOCMOpPd, ONpemMe

U HacmMasHuUx cpedcmaga 3a ocHosHy wikosy, Cn. enacHuk CPC —
pocgemHu enacHuk, 6p. 4/90)

I Rules on school building construction (1854) issued by the

Ministry of Education—taken from Milan B. Mili¢evi¢, Schools
in Serbia—from the beginning of this century until the end
of 1867 school year. Belgrade: Drzavna Stamparija, 1868 [in
Serbian]

22 Rules on building schools and on school furniture
(Collections of Laws and Regulations in the Principality of
Serbia. 36, Issued August 18, 1880 to June 26 1881). Belgrade:
Drzavna stamparija, 1881 [in Serbian]

# Rules on building schools and on school furniture. Belgrade:
Drzavna stamparija Kraljevine Srbije, 1899 [in Serbian]

 Rules on building schools and on school furniture. Ljubljana:
Uciteljski tovaris, 1930 [in Serbian]

» Rulebook on the standards regarding the school premises,
equipment and teaching resources for primary schools. SRS
Official Gazette—Educational Gazette, No. 4/90 [in Serbian]
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Tabena 4. CpeaOLWKONCKe YCTaHOBE — CTaHAapaV U3rpajt-e,

MCTOPWjCKM Npernes

historical overview
3MPAJIE CPEAHX LUKONMA SECONDARY SCHOOL BUILDINGS

Table 4. Secondary school facilities—building standards, a

1881 - 1899 - 1930 - 1987 - 1990 -
Mpasuna o Mpasuna o Mpasuna o MPABUITHIK? MPABWVNHIMK?
rpabetby Wkona  |rpahetby Wwkona  |rpabery wkona  |RULEBOOK* RULEBOOK*
Rules on building  |Rules on building  |Rules on building
schools schools schools
[BOPUILUTE (m%/no / / / 5m? min 5,0 m?
fetery)
:ROEB:U'MHA YARD (m*/child)
3rPAAA (m%/no getety) |15 m? min. 1,4 m? min. 1,4 m? 1,7m? 2,2 m?
BUILDING (m*/child)
BVCVHA MPOCTOPWIJE ROOM HEIGHT 35m 35-4m 35-4m / 3m
CMNPATHOCT NUMBER OF FLOORS / / / MaKkc. P+2 Makc. P+2
jyr/victok jyrovcTtok/ jyroncTok/ jyr/jyroncrtok jyrovnctok
OPWIJEHTALIMIA south/east ceBepo3anap ceBepo3anaj south/southeast  [southeast
ORIENTATION southeast / southeast /
northwest northwest
BPOJ M3MEHA / / / / 4
BA3LYXA/h
AIR CHANGES/h
MAKC. BP3VIHA BA3ZYXA |/ / / / /
CEPNOTB‘S\?%B@%E MAXIMUM AIR VELOCITY
3AXTEB 3A MEXAHNYKOM|/ / / / na
BEHTMITALIIOM yes
REQUIRES MECHANICAL
VENTILATION
WAPUHA XOOHWKA max. 300 cm 225cm-300cm | 225cm- 300cm |/ 240 cm
CORRIDOR WIDTH
KOHCTPYKTVBHI CMCTEM / / / / /
LOAD-BEARING STRUCTURE
OCBET/bEHE / / / / 150 Ix
LIGHTING
TEMMEPATYPA / 19°C 19°C / 20°C
TEMPERATURE
LPEEAJQKTGE HAYMH TPEJAHDA LieHTPanHo / / / LiEHTPanHo
MODE OF HEATING rpejare rpejarbe
central heating central heating
NHCTANALWIE navyes / / navyes /
INSTALLATIONS
MATEPMJAN TBPAO APBO TBPAO APBO TBPAO APBO / /
MATERIAL hard wood hard wood hard wood
BOJA COLOR / / / / /
MoAOBY
FLOORING % PEOJIEKCUMIE / / / / 40%
% REFLECTION
KAPAKTEPNCTNKE / / / / TOMNNW, TNATKN
PROPERTIES warm, smooth
MATEPWJAJT MATERIAL oneka brick oneka brick oneka brick / /
BOJA COLOR / / / / /
% PEQIEKCIE % / / / / /
3108 REFLECTION
WALLS 3BYUHA N30NTALIMIA fayes navyes navyes fayes navyes
SOUND INSULATION
TOMOTHA M30NAUMIA |/ / / / favyes
THERMAL INSULATION
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TN 3ACTAKIBERA [1BOCTPYKO [IBOCTPYKO [BOCTPYKO / LIBOCTPYKO
GLAZING double double double double
BMCMHA MAPATMETA [0 CKamuje / / / /
MPO30PY PARAPET HEIGHT to the deik
WINDOWS LIVIMEH3WJE SIZE 1/6 nospLumHe noga |1/6 nosplunHe noga |1/6 nosplunHe noga |/ 1/5 noBpLMHe nofa
1/6 of floor area 1/6 of floor area 1/6 of floor area 1/5 of floor area
3ACEHYEHE SHADING nayes /
OTBAPAHEOPENING / / / / /
LUMPHA b=130cm b=100 cm b=100 cm / b=180cm
BPATA WIDTH [IBOKpWIIHA jeAHOKpuWHa jelHOKpWIIHa [IBOKPWIIHA
DOORS double single single double
HAOCTPELHNLA / / / / navyes
AWNING
MATEPUIJANT MATERIAL |/ / / / /

2.2 [leunje ycTaHoBe (ycTaHOBe fieunje 3awutute)/
O6paHuLITa

2.2.1 VicTopwjckin pa3Boj yCTaHOBa Aeunje 3awTute

Mapa je pa3Boj geunjux yctaHoBa y Cpoumju KacHKo y
OfHOCY Ha pa3BOj WKOJICKOT CUCTEMa, Y NnTepaTypr® ce
mory Hahu nogauv fa je Tpaguumja Aeumjyx yctaHosa”
y BojsoanHm Beoma ayra, suwwe of 150 rogrHa, a Mpexa
yCTaHOBa pasBujeHunja Hero y ApyrMM KpajeBrma Taja-
wrbe Jyrocnasuje. [Npema osom aytopy y nepuoay 1937-
1938. roguHe y BojsognHu je 6uno 226 aeumjux ycTaHoBa

% MpaBWAHUK O BAVKKM YCNIOBMMA Y MOrefy NpocTopa,
onpeme 1 HacTaBHMX CpefCcTaBa 3a OCTBapMBatbe NiaHoBa

1 Nporpama 3a 0CHosHe 0bpa3osHe npodune IV cTeneHa
CTpyuHe cnpeme Y NPUPOAHO-MaTEMATUYKO] CTRYLM
(MpocseTHu racHrk CP Cpbuje 37/87) n MpaBunHuK o
OAVKUM YCNIOBMMA Y MOTeAy NPOCTOPa, ONPEME U HaCTaBHMUX
CpeACTaBa 3a OCTBApMBarbe MaHOBa K Nporpama obpasosarba
3a OCHOBHe 06pa3oBHe nNpodune IV cTeneHa y KynTypoIOWKO-
jeanykoj ctpyum (MpocseTHn rnacHuk CP Cpbuje 37/87), 1987.
7 NpaBUHVIK O BAVXKMM YCNIOBMMA Y MOTEAY MPOCTOpa,
orpeme v HaCTaBHUX CPeACTaBa 3a rmmMHasnjy — HopmaTnau
NpoCTopa, ONpeme, 1 HaCTaBHYIX CPefiCTaBa 3a MMMHasujy
(MpocseTHn rnacHuk CP Cpbuje 5/90).

% MuneHa Byuetuh, Mpedwkosicko gacnumaree y BojeoouHu
1945—1947, 360pHUK 3a OpyuimaeHe Hayke, 1988, ceecka 104-105.
To Baxehoj 3aKOHCKOj perynaTvisv Nnof 3rpagama
NpenLKONCKMX yCTaHOBa Ce NoApa3yMeBajy CBe yCTaHoBe
HamerbeHe fieLn NPEeALIKONCKOT y3pacTa. Y OKBMPY OBOT
ncTpaxmearba obyxsaheHe cy 3rpage Aeunjnx ycTaHoBa —
BpTUANK 1 jacnuue.
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2.2 Childcare institutions / Kindergartens
2.2.1 Historical development of childcare institutions

Although their development in Serbia was slower
than that of the school system, the literature®® shows
that the tradition of childcare institutions® in Vojvodi-
na dates back more than 150 years and that its network
was more developed than in other parts of the former
Yugoslavia. According to the cited author, there were
226 childcare institutions (165 of which operated in the

% Rulebook on closer conditions regarding the premises,
equipment and teaching resources for the realization of the
curricula for basic education profiles of 4th degree professional
qualifications in natural sciences and mathematics (SRS
Educational Gazette No. 37/87) and Rulebook on closer
conditions regarding the premises, equipment and teaching
resources for the realization of the curricula for basic education
profiles of 4th degree professional qualifications in culturology
and languages (SRS Educational Gazette No. 37/87), 1987 [in
Serbian]

?/ Rulebook on closer conditions regarding the premises,
equipment and teaching resources for the grammar school—
Standards on the premises, equipment, and teaching
resources for the grammar school, SRS Educational Gazette No.
5/90 [in Serbian]

% Vuceti¢ Milena, Preschool education in Vojvodina 1945-1947.
Zbornik za drustvene nauke, 1988, vol. 104-105 [in Serbian]

# The current legislation regards buildings of preschool
institutions as all institutions intended for children of preschool
age. This research was conducted on the buildings of childcare
institutions, i.e. kindergartens and nurseries.
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(op Tora 165 Ha cpnckom jesuky) a NpoCTopHo ce 51 3a-
GaBuLWTe Hanaswuno Ha TepUTOpWiM rpada, oK Cy OcCTana
3abaBuLLITa KOHLEHTPMCaHa Y pypanHom nogpyujy, Te faje
Ha MeT OCHOBHWIX LLIKOMa A0Na3nio No jeaHo 3abasuiiTe.

Y opyrm kpajesima Cpbuje ofHoC je 610 HEMOBOSb-
HWjW, TAaKO ia je, Ha Npumep, Y jy»kHoj Cpbuju Taj pa3mep
n3Hocmo 1,8:100.

Hakow [lpyror ceeTckor pata 6poj aeunjyx yctaHoBa
je cMarbeH, fla 6v Tokom 50-mx roamHa gowno Ao ypehe-
He opraHu3aLimje 1 OCHMBaHa OBOI T1Ma YCTaHOBa.

2.2.2 3aKoHCKa perynaTvisa

YBMAOM Yy perynatusy KOjom ce perynuile obnact yc-
TaHOBA AeUKje 3aLTNTEe MOXE Ce KOHCTATOBATH Aa je YMHE:
© 3aKOHM
+ MPaBUAHULM KOjU ypehyjy npuHUMie NpojekToBarba

OBWX CneumnjanHmx ycTaHoBa
« MpaBUAHMLM Koju ypehyjy paa, nporpame,

NpUHUMNe ynuca, HaunHe Gopmmparba rpyna,

HaumHe GUHaHCKParba OBYIX YCTaHOBA
+ MPaBUAHULM KOjU perynnily obnact eHepreTcke

epuKacHOCTM 3rpaja

MpBa perynatnea Koja je foHeta y Cpbuju, a Tude ce
yCTaHOBa Aeunje 3alTUTe, MOTUYe M3 Mepuopa nocne
[pyror ceeTckor pata 1 To Cy: [NpaBUAHNK O NPeaWwKon-
CKMM yCTaHoBamMa 13 1952. roanHe™ 1 3akoH o geunjum
BpTrhuma®' 13 1957. roguHe.

HakoH Tora floHeceH je Bennkin 6poj 3akoHa, a Tpe-
HyTHO Bakehw aoHeT je 2010. rogunHe, gonyreH 2017,
roaviHe® 1 kM Ce NPEeALWKONCKO BacnuTare 1 0bpaso-
Barbe ypehyjy Kao f1eo jeAMHCTBEHOr crcTema obpaso-
Bakba M BACMUTakba My CKAafly ca paTuduKoBaHUmM mehy-
HapOAHMM KOHBeHUMjama. 1o OBOM 3aKoHy AenaTHOCT
NpeALKONCKOr BaCnu1Taka 1 0bpazoBarsa je fenaTHoCT
Ofi HENOCPeaHOT APYLTBEHO MHTEPEeCa 1 OCTBapyje ce
Kao jaBHa cnyxba. MpeflwKoncka ycTaHoBa obaBrmba U

0 AHa laBpwinoswh, lpedwkosncke ycmarose y Cpbuju 1843—
2000, Cryx6eHu enacHuk, beorpag, 2001

31 Cnyx6eHu enacHuk Penybnuke Cpbuje, 6p. 24, jyH 1957.

32 3aKOH 0 NPeOWKOICKOM 8ACNUMAkey U 06pa308arsy,
Cnyx6eHu enacHuk PC 6p. 18/2010 1 101/2017

Serbian language) in Vojvodina in 1937/38. Moreover, 51
kindergartens were located in urban areas, while the oth-
ers were in the rural environment, and the ratio of kinder-
gartens to primary schools was 1:5.

In other Serbian regions, the ratio was not as favora-
ble; for example, in southern Serbia it was 1.8:100.

Although the number of kindergartens was reduced
after the Second World War, the 1950s saw a system-
atic organization and re-establishment of this type of
institutions.

2.2.2 Serbian legislation

Upon insight into the legislation that regulates the
field of childcare institutions, it can be concluded that it
consists of the following:

Laws;

Rulebooks governing the design principles for such

specialized institutions;

Rulebooks governing the operation, curricula,

enrollment, group formation, and modes of

financing;

Rulebooks governing the energy efficiency of

buildings.

The first regulations concerning childcare institu-
tions in Serbia date from after the Second World War: the
Rulebook on preschool institutions of 1952,° and the
Law on Kindergartens of 1957.°

Subsequently, a number of laws were passed lead-
ing to the current legislation. Adopted in 2010 and com-
plemented in 2017,%” it regulates preschool education as
part of a unified system of education in accordance with
ratified international conventions. Under this law, the ac-
tivity of preschool education is a matter of immediate so-
cial interest and is provided as a public service. The ad-
ditional activity of preschool institutions is to provide
nutrition, nurture, and preventive health and social care

0" Ana Gavrilovi¢, Preschool institutions in Serbia 1843-2000,
Sluzbeni glasnik, Belgrade, 2001 [in Serbian]

*1 RS Official Gazette, No. 24, June 1957

3 |Law on Preschool Education, RS Official Gazette Nos.
19/2010 and 101/2017
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[enaTHoCT Kojom ce 0be3behyjy ncxpaHa, Hera v npe-

BEHTMBHO-3PaBCTBEHA W COLMjanHa 3awTuTa fele. Mog

NPEALKONCKUM Y3pacToM rnoppasymeBajy ce Aela CTa-

POCTI Off LUECT MeceL [0 Nosacka y OCHOBHY LUKOJY.
Pan ca fielom ce opraHusyje y BaCnuTHUM rpynama

Koje Mory outu:

- jacneHor y3pacTa 3a fiely CTapoCTu off 6 MeceL 0
TPW rofinHe faHa,

- rpyne BpT1ha 3a fielly y3pacHor nepuoza of Tpv
roaviHe 0 Nonacka y WKony.

Y 0bnactvi NpeALIKONCKOr BacnTaka 1 0bpa3oBarba
nocToju Benukn 6poj npatehumx, MOA3aKOHCKMX akarta.
OBW NpaBUAHULM AeDUHWLLY, HA MPUMEp, BPCTY CTPYUHe
cnpeme BacmmMTaya, HauMH obaBsbarba [eNaTHOCTH, Op-
raHu3oBarbe 0bnMKka paja ca AeLoM, HaumH ynuca aelle,
[ajy HOPMaTVB APYLUTBEHE MCXPAHE.

Tpeba nctahu nocTojarbe HopmMaTBa NPOCTOPa Onpe-
Me 1 CpefcTaBa Koju ce 6aBe camuM 3rpafama NpeaLlKos-
CKIX YCTaHOBA Y OKBWMPY KOjUX Cy NpeumnsHo aedrHmcaHm
Kako nonoxaj objekTa, heroBa NPOCTOpHa opujeHTauuja,
Tako ¥ MPOCTOPHa OpraHv3aumja, CTPYKTypa 1 Benyu-
Ha nojefmHKX NPOCTOPa U HIXoBe 3aBpLUHe obpage. INo-
cebHa naxra nocseheHa je enemeHTMMa Koju yTUUY Ha
nocTM3arbe KoMPopa y OBMM 3rpafama LUTO je NpukasaHo
y Tabenn 5.

Tabena 5. MpeflKoncKke ycTaHOBe — CTaHAAPAM M3rpaaHbe,

NCTOPWJCKX Npernes

to children. Preschool age is defined as the age from six
months old to primary school starting age.
The work with children is organized in educational
groups that can be:
+ Nursery groups, for children aged six months to
three years;
-+ Kindergarten groups, for children aged three years
to primary school starting age.

In the area of preschool education, there are a large
number of by-laws defining, for instance, professional
qualifications for the teachers, performance procedures,
organization of work, enrollment procedures, or norma-
tive community nutrition.

It is also necessary to emphasize the regulations on
the equipment and resources, which are concerned with
kindergarten facilities in the manner of precisely defining
the position of the building, its orientation and spatial
organization, as well as the structure, size, and finishing
of particular spaces. Special attention is paid to the ele-
ments that have an impact on comfort in such buildings
(Table 5).

Table 5. Kindergartens—building standards, a historical
overview

3IPAE NPEAWKONCKMX YCTAHOBA KINDERGARTEN BUILDINGS

1969 - 1972 - 1977 - 1994/96 -
Hopmatviau HopmaTtven 3a HopmaTtvsu MpaBunHmnk®
npoctopa* nnaHuparse™ npoctopa® Rulebook?®
Standards on the  |Standards on the |Standards on the
premises® planning** premises®
IIBOPULLITE (m?*/no getety) YARD (m?/child) |3 m? 3m? 4m? 6 m?
MOBPLUMHA
AREA BIPAJA (m¥/no aetety) BUILDING (m”/child) |3 m? 5 m? 5 m? 5 m?
BVICVHA MPOCTOPWIJE ROOM HEIGHT 28m 3m 3m 28m-36m
ICITPATHOCT NUMBER OF FLOORS P/P+1GF/GF+1 |P/P+2GF/GF+2 |P/P+1GF/GF+1 |/
OPVIJEHTALIVIJA jyr/jyroncrok jyr/jyronctok jyr/jyronctok
IORIENTATION south/southeast  |south/southeast  |south/southeast
BPOJ VI3MEHA BA3ZIYXA/h / 2 3 /
AIR CHANGES/h
MPOBETPABAHGE  IMAKC. BP3VIHA BA3YXA / 0,1 m/s 0,3 m/s /
ENTILATION MAXIMUM AIR VELOCITY
BAXTEB 3A MEXAHVYKOM BEHTUITALUMIOM |/ favyes favyes /
REQUIRES MECHANICAL VENTILATION
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LIVPUHA XOOAHMKA CORRIDOR WIDTH 120 cm / /
KOHCTPYKTVBHN CUCTEM LOAD-BEARING STRUCTURE / / / /
OCBET/bEHE LIGHTING / 100 Ix 100 Ix 150 Ix
[TEMMEPATYPA TEMPERATURE / 20°-21°C 20°-22°C 22°C
[PEJABE HAYVIH TPEJAFA / LeHTpanHo LeHTpanHo /
HEATING MODE OF HEATING rpejarbe rpejarve
central heating central heating
MHCTANTALUWIE INSTALLATIONS / / / /
IMATEPMJAIT MATERIAL / / / /
bOJA COLOR / Mat, cBeTna, MvpHa |/ cBetna
NoLOBK matte, light, calm light
FLOORING P PEQIIEKCWIE % REFLECTION / 30% / /
KAPAKTEPNCTINKE / TOMAW, NOAYTOMAN | YBPCTY, €M1aCTUYHN | UBPCTY, HEK/M3aBM
PROPERTIES warm, semi-warm_|firm, elastic firm, non-slip
MATEPMJAIT MATERIAL / / / /
bOJA COLOR / Mart, CBETNA, MUPHa |/ cBeTna
matte, light, calm light
300BM 9% PEQIIEKCIJE % REFLECTION / 50% / /
ALLS
BBYYHA M3ONALMIA SOUND INSULATION / navyes favyes fayes
[TOMNOTHA N301ALUMIA / favyes favyes navyes
[THERMAL INSULATION
TN 3ACTAKIBEHA / [IBOCTPYKO / /
GLAZING double
MPO30PU BVCHA MAPAMETA PARAPET HEIGHT / 60 cm 55cm /
INDOWS IMMEH3IJE SIZE / 1/5 noBpLUMHe noga |/ 1/5 noBpLUKMHe Noga
1/5 of floor area 1/5 of floor area
BACEHYEHE SHADING / favyes favyes
OTBAPAHEOPENING / cnosba outwards |cnosba outwards —|cnosba outwards
BPATA LPUHA WIDTH / 90 cm 80cm 80 cm
DOORS HALCTPELUHVUA AWNING / / fayes /
IMATEPVJATT MATERIAL / / / /

* Hopmamusu npocmopa, Hamewmaja u onpeme 3a
npeodwKosIcKe ycmarose, [lpoceemHu 2nacHuUK 1/69
** Hopmamuau 3a nnaHuparbe, Usepackby U onpemaree

npedwikonckux ycmarosd, CryxbeHu nucm epada beogpada 11/72

* Jleuju spmuhu — Hopmamusu npocmopa, onpeme u

Cpedcmasa 3a eacnumMHo-06pazoeHuU pao, [poceemHu 21acHUK

CP Cpbuje 4/77

% [pasunHuK o b71UKUM YCII08UMA 3a NOYEMAK paodd U 06as/barbe

denamHocmu ycmarosa 3a Oetly CriyxbeHu enacHuk 50/94, 6/96

* Standards on the premises, furniture, and equipment for

preschool institutions, Educational Gazette 1/69 [in Serbian]

3 Standards on the planning, construction, and equipment for
preschool institutions, Official Gazette of the City of Belgrade
No. 11/72 [in Serbian]

3 Kindergartens—Standards on the premises, equipment, and
resources for educational work, SRS Educational Gazette 4/77
[in Serbian]

% Rulebook on closer conditions regarding the
commencement of operation and performance of activities
for childcare institutions, Official Gazette Nos. 50/94, 6/96 [in
Serbian]
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3. PEFYJIATVBA EHEPTETCKE EOMKACHOCTU
LIKONCKNX 3TPAOA 1 3TPAJA OEYNINX YCTAHOBA

Y HOpMaTuBMMa M MPaBUIHMLMMA MOMUHbAHUM Y
NPETXOLHOM MOMNaB/by je UCTakHYT 3axTeB 3a TepMUY-
KOM 1 3BYYHOM 3aLUTUTOM ObjeKaTa Yy KojuMa ce ofBMja
HacTaBa 1 6bopaBak Aielle, anu OBaj acneKT Huje fAeTalbHuje
aedunHMCaH HK obpasnaraH. Kaf Cy eHepreTcke KapakTte-
PUCTVKE LUKONCKMX 3rpaja v Aeumnjux yCTaHOBa Y MUTakby,
He NocToju NocebHa perynaTnea 3a OBaj CEKTOP 3rpadap-
CTBa, Beh Cy KapakTepucTunke 3rpafa AeduHrcaHe onw-
TVIM MPONMCUMA KOjW Ce OAHOCE Ha CBe TUMOBe 3rpaja.

[oHolwerbeM [MpaBUAHKKa O eHepreTckoj edukac-
HOCTV 3rpafia bnuxe ce yTBPHYjy eHepreTcka CBOjCTBa
3rpaga, Kao W HauWHW HIXOBOT M3pavyHaBarba. [pasun-
HVKOM O YCNOBMMa, CaAPKMHN 1 HaUMHY M3[aBatba cep-
TUdMKaTa O eHePreTCKMM CBOJCTBMMA 3rpada yTBphyjy ce
rpaHVyYHe BPeaHOCTV NoTpebHe eHepruje 3a rpejarbe U
10 33 10 KaTteropwja 3rpafa, Of KOjuX je jeaHa Hamerbe-
Ha obpa3oBarby U KynTypK, a Apyra Koja obyxBaTa v 3rpa-
[ie leumnjnx yCTaHoBa je HamereHa 34paBCTBY M CoLmjan-
HOj 3awTnTn. OBae Tpeba ncTahv Aa KapakTepucTvke U
rpaHVyYHe BpeaHOCTV yTBPhHeHe 3a 30paBCTBEHE YCTaHO-
Be He oAroeapajy YecTo 3rpafamMa HamerbeHVM Ledurjvim
yCTaHOBama, OfHOCHO Aa je y fa/beM NpoLecy paspage
perynatse noTpebHo aedunHMCaTH CcneumduuHe ycnose
AeYnjnx yCTaHOBa.

MpeunsHuje, unaHom 3. lMpasunHuka o EE 3rpapa,
6nvKe ce NPOMNUCyjy eHepreTcKa CBOJCTBA M HaUMH 13pa-
YyHaBaHba TOMAOTHMUX CBOjCTaBa ObjeKaTa BUCOKOTrPaaHE,
Kao ¥ eHepreTcKy 3axTeBM 3a:

1. n3rpagry HOBKMX 3rpaja;

2. PeKOHCTPYKUWjy, oorpaary, 0OHOBY, aganTtauujy, ca-
Halujy 1 eHepreTcky caHauujy noctojehuix 3rpaaa;

3. PeKOHCTPYKUMjY, afanTauujy, caHaumjy, obHOBY 1 pe-
BUTANM3aUMjy KyNTypHMX gobapa v 3rpada Yy H1xXoBoj
3aWTMhEHOj OKOMMHM Ca jacHO ofpeheHnM rpaHnLa-
Ma KaTaCTapCKumx napuena v KynTypHux gobapa ynu-
CaHWX Y YHECKOBY NUCTY CBETCKE KynTypHe balTnHe
1 objekaTa y 3alWTUREeHVM NOAPYYMMa, ¥ CKnady ca
aKTOM O 3alUTUTK KynTypHMX Aobapa 1 ca ycioBrma
OpraHa, OAHOCHO OpraHM3aLyje HaanexHe 3a Noco-
Be 3alLTUTE KyNTYypHUX 100apa;
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3. REGULATIONS CONCERNING ENERGY EFFICIENCY
OF SCHOOL AND KINDERGARTEN BUILDINGS

Although the standards and rulebooks cited in the
previous section emphasize the need for thermal and
sound insulation of the facilities that provide tuition and
children occupancy, this aspect has not been defined or
explained in much detail. There are no specific regula-
tions for energy performance of school and kindergar-
ten buildings and the building characteristics are de-
fined within the general provisions that apply to all types
of buildings.

The adoption of the Rulebook on energy efficien-
cy of buildings has brought forth a more detailed out-
line of energy characteristics of buildings as well as the
methods for calculating them. The Rulebook on con-
ditions, content and manner of issuing energy perfor-
mance certificates stipulates the limit values for the en-
ergy required for heating for ten building categories, one
of which refers to buildings used for education and cul-
ture while the other includes buildings for childcare in-
stitutions within the category of health and social care
facilities. It should be noted that the performance and
limit values established for healthcare institutions do not
often correspond to buildings intended for childcare so
that the further elaboration of regulations should specify
the conditions pertinent to childcare facilities.

More specifically, Article 3 of the Rulebook on energy
efficiency of buildings regulates in detail the energy per-
formance and the manner of calculating thermal proper-
ties of buildings as well as energy requirements for:

1. Construction of new buildings;

2. Reconstruction, extension, renovation, adaptation,
rehabilitation, and energy rehabilitation of existing
buildings;

3. Reconstruction, adaptation, rehabilitation, reno-
vation, and revitalization of cultural property and
buildings in their protected environment with
clearly defined cadastral parcel boundaries and
cultural property on the World Heritage List, and
buildings in protected areas, in accordance with
the Act on the protection of cultural property, and
with the conditions imposed by the body or the
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4. 3rpafie W AenoBe 3rpafa Koju UnMHe TeXHUYKO-TeX-
HOMOLWKY 1N GYHKLUMOHANHY LIeNMHY, a Koju ce mpo-
fajy wiv fajy y 3akyn.

Mpema HaBeAeHOM MNPABWIHWKY, ufnaHoMm 6. Aambe
Ce HaBoAM Ala ce npunukom obesbehrBarba edrkacHor
Kopuwherba eHepruje y 3rpaflama y3uma y ob3vp Bek
Tpajakba 3rpaje, KNMMATCKX YCNOBW flOKaLmje, NoMoxaj
1 opuvjeHTaUmja 3rpaje, HheHa HameHa, ycnoBu komdopa,
MaTepujany 1 enemeHTV CTPYKType 3rpafe 1 oMoTaua,
yrpaheHn TexHuukM cuctemmn 1 ypehajn, Kao 1 13Bopu
eHepruje 1 koreHepaumja 1 MOrynHocT kopuwhersa 06-
HOBJBUBKX M3BOPA eHepruje.

MpopauyH obyxBaTa Behn OPOj MapameTapa Koju
Ce MOTOM MCKa3yjy y oksupy CepTudukata o eHepreT-
CKMM CBOjCTBMMA 3rpafia (eHepreTcku nacouw). EHeprer-
CKVM pa3pef 3rpafia ce, 0 AOHOLeHa HalYOHaNHOr Npo-
rpamckor nakeTa, ofpehyje camo Ha oCHOBY NoTpebHe
eHepruje 3a rpejarbe No M? rpejaHe NoBpLUVHe. YnaHom
18. ce Npeumsmpa fa ce NpopadyH eHepreTcknx CBojcTa-
Ba 3rpajie BpWW 3a cnefehe kateropuje:
1. roavwHa noTpebHa eHepruija 3a rpejarbe;
rogvwHa notpebHa eHepruja xnahersa;
roavwHa noTpebHa eHepruja 3a BeHTUAaLUMjy;
rofulkba NoTpebHa eHeprija 3a NpuUnpemy
CaHWTapHe ToMne BOfE;
roavwHa noTpebHa eHeprija 3a OCBET/berbE;
FOANLLIFU TYOULIV TEXHUYKIUX CUCTEME;
roavWHa UCnopyYeHa eHeprija;
rofulkba NoTpebHa NpuMapHa eHepruja;
rofulkba em1cKja yribeH-aMoKcvaa

oo

O 0 N oy

Ocum yKYMHWX NOKa3aTerba Ha HUBOY 3rpafe aedu-
HVCaHe Cy ¥ Hajsehe [03BO/bEHE BPEAHOCTU Koedu-
umjeHTa nponasa tonnore, U [W/(m?xK)], 3a enemeHTe
TEPMMYKOr OMOTaua 3rpaje a npvikasyje Tabena 6.

organization responsible for the protection of cul-
tural property;

4. Buildings or parts of buildings forming a technical,
technological or functional unit, which are being
sold or leased.

According to Article 6 of the Rulebook, in the pro-
vision of efficient energy use in buildings, consideration
is given to the lifetime of the building, the climatic con-
ditions of the site, the position and orientation of the
building, its purpose, comfort conditions, materials and
structural elements of the building and the envelope,
technical systems and equipment, energy sources and
cogeneration, as well as the potential for using renew-
able energy sources.

The calculations include a number of parameters,
which are then reported in the Energy Certificate of
Buildings (Energy Passport). Until the adoption of the na-
tional program package, the building energy class is de-
termined solely upon the heating energy demand per
m? of the heated area. Article 18 specifies that the energy
performance of a building be calculated for the follow-
ing categories:
annual heating energy demand;
annual cooling energy demand;
annual ventilation energy demand;
annual domestic hot water preparation energy
demand,;
annual lighting energy demand;
annual HVAC system losses;
annual energy supply;
annual primary energy demand;
annual CO, emissions.

A wnn -
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In addition to overall indicators for the building, the
maximum permitted values for heat transfer coefficients,
U [W/(m?xK)] are defined for the elements of the ther-

max

mal envelope (Table 6).
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Tabena 6. Hajsehe fo3Bo/mbeHe BpeaHOCTU KoedurumjeHaTa
nponasa TonoTe 3a KaPaKTEPUCTNYHE eNemMeHTe TePMUUKOT

Table 6. The maximum permitted values for heat transfer
coefficients for the characteristic thermal envelope

omoTava noctojehe 3rpaie HaKOH PEHOBMPaAtkba, CaHalWja U elements of a real building after renovation, rehabilitation, or
PeKOHCTPYKUMjaY reconstruction®
Onnc enemerTa/cncrema MNoctojeha 3rpasa
Description of elements/systems Existing building
U, [W/m?K]
EnemeHTH y KOHTaKTy Ca CNOSbHUM Ba3AyXom
Elements exposed to ambient air
CnorbHY 31 0,40
Exterior wall
3ua Ha avnataumjy (n3mehy 3rpaga) 0,50
Wall at dilatation (between buildings)
PaBaH KpOB 13Haf rpejaHor NpocTopa 0,20
Flat roof above heated space
Koc KpoB n3Hag rpejaHor mpocTtopa 0,20
Pitched roof above heated space
MehycnpatHa KOHCTPYKUWja 13Ha[ OTBOPEHOr Nposasa 0,30
Floor construction above open passageway
Mpo3opwu, 6ankoHcKa BpaTa rpejaHnx Npoctopuja v rpejaHe 1,50
3umcke GalTe
Windows, balcony doors to heated rooms and heated
conservatory
CnosbHa BpaTa 1,60
Exterior door
YHyTpallke nperpagHe KOHCTPyKLUyje
Interior partition constructions

31a Npema HerpejaHnm NpocToprMa 0,55
Wall to unheated spaces
MehycnpaTHa KOHCTPyKLUMja NCMOA HerpejaHor NpocTopa 0,40
Floor construction below unheated space
MehycnpatHa KOHCTPYKLUMja M3Ha/ HerpejaHor mpocTopa 0,40
Floor construction above unheated space

KoHcTpyKuuje y Ty (ykonaHe vnm AeNVMI1YHO YKomaHe)

Below-grade constructions (recessed or semi-recessed)
3ngy Ty 0,50
Below-grade wall
Mop Ha Ty 0,50
Ground floor

Oge BpeaHoCTn ce

LWKONCKYMX 3rpaja v 3rpaa Aeumnjux yctaHoBa (3rpaja Ha-

He pasnukyjy 3a pasHoBpPCHe Tu- These value

MeHeHMX 3[PABCTBY M COUMjANHOj 3alTWUTK) MCKazaHe  ysed in health

¥ MNpema Tabenw 3.4.1.3. [IpasusHuKa o eHep2emckoj 37 According to Ta
efficiency of buildings

30

eghukacHocmu 32paoa

s are the same for each type of buildings
nose 3rpajia npema HameHu, oK Cy cneundpudHoCcTM  regardless of purpose, while the specific requirements
for school buildings and childcare facilities (buildings
and social care) are expressed through

ble 3.4.1.3.in the Rulebook on energy
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Kpo3 AeduHMUCarbe [O3BO/bEHE TOAMLLHE MOTPOLIHE
durHanHe eHepruje (Tabena 7) n peduHncare aobrTaka
TOMNOTE Of JbyAn 1 enekTpuyHuX ypehaja. (Tabena 8)
Takohe, 3a oBe TMMNoBe objekata cy AedvHWUCaHN U
APYrv NapameTpy Koju yTyuy Ha NpopadyHe eHepreTcKmx
nepdopmMaHcy 3rpafa: NpojekTHe Temnepatype (3a ne-
TH U U 3UMCKU NEPUOA), MPMUCYTHOCT TOKOM [laHa, Konnyu-
Ha CBEXET Ba3/yxa No 0COOW, MO MOBPLUMHM, U TaKO flabe.

Tabena 7. [lo3BosbeHa roauilikba padyHCKa NoTpoLLHa
bviHanHe eHepruje — 3a 3rpage HamekeHe 06pa3oBarby 1
30PaBCTBY, OL4HOCHO COLMjaIHOj 3aLWTNTK

the definition of maximum allowable annual final energy
consumption (Table 7) and of heat gains from occupants
and electrical appliances (Table 8).

Additionally, other parameters that affect the calcu-
lations of energy performance of buildings, such as sum-
mer and winter projected temperatures, daytime occu-
pancy, or amount of outdoor air per area or occupant,
have also been defined for these types of buildings.

Table 7. Maximum allowable annual calculated final energy
consumption—for buildings used in education and health and
social care

BpcTa 3rpage
Building type
[kWh/m?a]

[lo3BosbeHa MakcyiMasHa roaunilba NoTPOLUHba eHeprije 3a rpejarbe
Maximum allowable annual heating energy consumption

Education buildings

3rpane HamerbeHe 0bpasoBarby

3rpaje HavmereHe 34paBCTBY 1
coumjanHoj 3aWTnTu
Health and social care buildings

Moctojehe 3rpage Existing buildings 75

120

Hoge 3rpage New buildings 65

100

Tabena 8. [lobuuwm TONNOTe Of JbyaM U enekTpruHux ypehaja
(SRPS EN ISO 13790)

Table 8. Heat gains from occupants and electrical appliances
(SRPS EN ISO 13790)

Tun 3rpage 4 (knaca 13 NpaBuIHMKa) | 5 (Knaca 13 npaBuIHMKa)
Building type 4 (Rulebook class) 5 (Rulebook class)
JearHuua

Yna3Hv nopaum 3rpane HamerbeHe bonHunue® Unit
Input data 0bpazosatby Hospitals®®

Education buildings
YHyTpallrba NPOojekTHa TemnepaTypa 3a 3MMCK1 Nepuoa 20 22 °C
Indoor winter design temperature
YHyTpallkba NpojekTHa TemnepaTtypa 3a NeTrbu Nepros 26 26 °C
Indoor summer design temperature
MosplwmHa nNo ocobu (3ay3eTocT) 10 30 m?/per
Area per occupant (Occupancy)
OpaBatrbe TonnoTe NO 0CO6M 70 80 W/per
Heat radiation per person
Opasatbe TonnoTe /byAur Mo jeAnHULM NOBPLUMHE 7,0 2,7 W/m?
Human heat radiation per area unit
MpVCYTHOCT TOKOM fiaHa (MpOCeyYHO MeceuHo) 4 16 h
Daytime occupancy (monthly average)
foauwtba NOTPOLWHbA ENEKTPUYHE eHeprije 10 30 kWh/m?
o jJeAVHNLM NOBPLUNHE rpejaHor NpocTopa
Annual electricity consumption per heated area unit
MpOTOK CBeXer Basayxa 0,7 1 m?/(h-m?)
Mo JeAVHNLM NOBPLUNHE rpejaHor NPocTopa
Fresh air flow per heated area unit
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MpoTOK CBEXEr Ba3ayxa 7 30 m*/
no 0cobu (06bpok No ocobw) (h-per)
Fresh air flow rate per occupant

Tonnota notpebHa 3a npunpemy CTB 10 30 kWh/m?
o jeAvH1LM NOBPLUMHE rpejaHor NpocTopa
Heat required for DHW preparation per heated area unit

3a 0be KaTeropvje 3rpafa fedvHUcaHn Cy 1 eHepreT- For both building categories, energy classes have
CKW pa3peamn Ha OCHOBY MpopauyHcKe notpebHe eHep-  also been defined upon the calculated heating energy
rvje 3a rpejarbe. (Tabena 9 v 10) demand (Tables 9 and 10).

HoBsn 06jekT Mopajy 3aa0BosbKTI paspen C, Aok ce New buildings must have a Class C rating, while for

3a noctojehe 3rpaje Koje ce PeKOHCTPYMLY camo UcKka-  the existing buildings undergoing reconstruction, the
3yje paspeq, TO jecT Aa cey npouecy peKOHCTPyKUwvje no-  class is only indicated and an improvement of one en-
6orbluajy nocTojenn eHepreTcKkM paspean 3a jedaH HMBO.  ergy class is necessary after the reconstruction.

Tabena 9. EHepreTckM pa3peav 3rpafa HamerbeHnx Table 9. Energy class ratings for buildings used for education
00pa3oBakby U KyNTypu and culture
3rpase HamereHe 0bpasoBarby W KyTypu HoBe noctojehe
Education and culture buildings new existing
EHepFeTCKM pa3spen QHnd/e/ Hnd QHnd
Energy class [%] kWh/(m?a)] | [kWh/(m?a)]
A+ <15 <10 <12
A <25 <17 <20
B <50 <33 <38
C <100 <65 <75
D <150 <98 <113
E <200 <130 <150
F <250 <163 <188
G > 250 > 163 > 188
*® Hyicy npedunHMcaHn yCcnoBy 3a 3rpafe ColujanHe 3altmTe, % As conditions for social care buildings have not been
Tako Aia ce MOXKe CMaTpaTu f1a YCNoBM npeasrhern 3a defined, it can be stated that the conditions provided for
6onH1LUe, He 0froBapajy YCNoBrMa AeUmnjnx yCTaHoBa hospitals do not correspond to those for childcare institutions
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Tabena 10. EHepreTcku pa3peam 3rpafia HaMereHUX 34PaBCTBY
N COUMjanHoj 3aLUTNTL

Table 10. Energy class ratings for buildings used for health and
social care

3rpafie HamerbeHe 30PaBCTBY M COLMjanHOj | HOBe noctojehe
3aWTnTH new existing
Health and social care buildings
Exepretckn pasped | Q. Q. Quy
Energy class [%] [kWh/(m?a)] | [kWh/(m?a)]

A+ <15 <15 <18

A <25 <25 <30

B <50 <50 <60

C <100 <100 <120

D <150 <150 <180

E <200 <200 <240

F <250 <250 <300

G > 250 > 250 > 300

3.1 XapMoHU3aumja HauMoHaNHKX Nponuca ca
aKkTyenHum nponucuma EBponcke yHuje

Y npouecy npucTynarba EBponckoj yHujn, Cpbuja
ybp3aHO xapMOHK3yje CBOje Nponuce ca oarosapajyhum
nponucrma EBponcke yHuje y pasnnumntim obnactvma,
na 1y obnactu eHepreTcke edukacHOCTV 3rpafa. Y Es-
POMCKOj YHWjW [NaBHW NMOKPeTay NMpoOMeHe 3aKOHOLAaB-
HUX OfHOCa Mpema 3rpajama, Kaja je eHepreTcka edu-
KaCHOCT y MuTakby, jeCcy ofroBapajyhe AvpeKTMBe Koje
noHocu Eponcka kommcuja. Mako Cpbuja Huje unaH
YHKje, NOTNMCHBaHbem Cropasyma O NpucTynarsy EHep-
reTckoj 3ajegHuium 1. jyna 2006. roamHe, 3a by nocrajy
obasesyjyhr CBM MNponucn Koje yceaja EHepreTcka
3ajeAHua. EHepreTcka 3ajedHmua npeysuma nponuce
EBponcke yHuje, y BE3W Ca eHepreTcKom edukacHowny,
a 33 moTNMCHWUe crnopasyma omoryhere cy oppehe-
He M3MeHe Koje ce YrnaBHOM TUUy Momeparba POKOBa
nMnnemeHTauuje.

OCHOBHU AOKYMEHTI KOjU1 Cy MOACTaKAN AOHOLEeHe
perynatvige y 0bnacTu eHepreTcke edprKacHOCTY jecy:

« [HvpektnBa poHeTa 2002.roavHe® no3Hatnja Kao

EMBL 1. OHa je aeduHMCana OCHOBHe 3axTeBe 3a

eHepreTckom eduKkacHwhy 3rpada, a y Aomahoj

* Directive 2002/91/EC of the European Parliament and of the
Council of 16 December 2002 on the energy performance of
buildings

3.1 Harmonization of national regulations with the
current EU regulations

In the process of accession to the European Union,
Serbian regulations on energy efficiency of buildings,
among other areas, are being rapidly harmonized with
relevant EU regulations. In the European Union, the key
drivers of the change in the legislative approach towards
energy efficiency of buildings are the relevant Directives
issued by the European Commission. Although Serbia is
not a member of the Union, by signing the agreement to
join the Energy Community on 1 July 2006, it recogniz-
es all regulations adopted by the Energy Community as
binding. Regarding energy efficiency, the Energy Com-
munity acknowledges the regulations of the European
Union, while certain provisions have been made for the
signatories of the agreement as regards changes that
are mainly concerned with extending implementation
deadlines.

The following basic documents spurred the adoption of

regulations on energy efficiency:

« The Directive of 2002,* known as EPBD-1, set out the
basic requirements for energy performance of build-
ings. In the national legislation, it served as the basis

*Directive 2002/91/EC of the European Parliament and of the
Council of 16 December 2002 on the energy performance of
buildings

33



3rpane LKONCKUX U NpedlKONCKMX yCTaHOBA — METOAOIOWKN OKBUPD d)opMleaH;a TI/II'IOJ'IOI'I/Ije 1 nobosbluarba eHepreTcke ed)l/lKaCHOCTl/\

perynatvey je nociysuia Kao OCHOB 3a [OHOLe-
tbe [paBunHKKa O eHepreTckoj epuKacHOCTW 3rpa-
ha v [paBuiHKKa O yCNIoBMMa, CAOPKMHM 1 HauWHY
V3haBarba CcepTduKaTta O eHepreTCKMM CBOjCTBU-
ma 3rpaga. OCHOBHM 3axTeBM AedUHMCAHM OBOM AN-
PEKTVBOM Ce OAHOCE Ha YCMOCTaB/batbe MUHUMAn-
HUX CTaHOapAa eHepreTcke edmKacHOCTW 3a CBe
HoBe 3rpajie, kao u 3rpafe sehe og 1000 m? a nog-
nexy obvMmHOj obHoBW. [lMpekTnBom ce aeduHu-
e “ MEeTofonornja NpopadYyHa eHepreTcknx nep-
bopmaHcK 3rpaga, kao 1 obasesa cepTudrKaumje 3a
HoBe 1 noctojehe 3rpage Npu 13rpagrby, NPogajn 1
M3AaBatby.

« [Hupektrea poHeta 2010. rogmHe®, nosHaTWja Kao
ENB/ 2 je obyxeaTnna 6pojHe aHekce [lnpekTnee 13
2002. rogvHe Kojuma Cy Ce YCOoXKHaBaliv 3axTeBy 3a
eHepreTcky edrkacHOCT 3rpaja, a Koje je TOKOM Bpe-
MeHa ycBajana EBponcka komucnja. OCHOBHa HOBMHa
y OBOj AVPEKTUBM je yBoherbe KaTeropuje mMeTofo-
norunje TPOWKOBHE ONTUMANHOCTH, Kao U KaTeropwja
3rpafie CKoOpo Hy/Te eHepruje.

Kako je y [vpeKkTnem aeduH1CcaHo, TPOLWKOBHA On-
TUMANHOCT je ofpehurBare H1MBOA eHepreTcke edukac-
HOCTW Koju he [OBECTV 10 HAjJHWKMX TPOWKOBA TOKOM
NpoLeHeHOr eKOHOMCKOT KMBOTHOM LIMKAyCa W Nofg-
pasymeBa oncer H1MBOa NepdOpPMaHCK Koje ce KapakTe-
PULLY MO3UTVBHUM HVWBOOM TPOLIKOBA TOKOM €KOHOM-
CKOT XMBOTHOT Umknyca. OBaj, y Hawoj Npakcy, HOBK
NPUCTYN jOW HWje MOCTao [Ae0 3aKOHCKe perynatuee,
Maga cy noctojehn npasunHUUM Y Gasn naMeHa 1 ao-
nyHa Ynme he ce 1 NPUHLMN TPOWKOBHE OMNTUMANHOCTU
YKIBYUNTN Kao jeflaH Of OCHOBHMX 3a MpOLeHy mepa
edrKacHOCTH.

3rpafie CKOpO Hy/Te eHepruje Cy M3pasunto eHep-
reTcku edurkacHe, Npu Tome Ce CKOpO ,Hyna eHepruje’,
3y3€THO Mana KOMUMHa eHeprije NoTpebHa TOKOM KO-
puwhera 3rpage, aobvja Behrm aenom 13 0BHOB/BU-
BVX M3BOPA YKIbYUYjyhn eHeprujy Koja ce Npon3Boan Ha
CaMoj noKauuju UK y HenoCcpeaHoj OAN3MHK NoKauwje

“ Directive 2010/31/EU of the European Parliament and of
the Council of 19 May 2010 on the energy performance of
buildings
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for the adoption of the Rulebook on energy effi-
ciency of buildings and the Rulebook on conditions,
content and manner of issuing energy performance
certificates. The basic requirements defined in the
Directive aimed to establish the minimum energy
efficiency standards for all new buildings as well as
buildings with the area over 1000 m? that were sub-
ject to deep renovation. The Directive also defined
the methodology for calculating the energy perfor-
mance of buildings as well as the obligation to certify
new and existing buildings upon construction, sale
and lease.

The Directive of 2010, known as EPBD-2, brought
a number of revisions to the Directive of 2002, pro-
viding further details to the requirements for energy
performance of buildings, which the European Com-
mission had adopted over time. The main novelty in
the Directive was the introduction of the categories
of cost optimization methodology and nearly zero-
energy buildings.

As defined in the Directive, the cost-optimal level is
the level of energy performance which leads to the low-
est cost during the estimated economic lifecycle of the
building and which lies in the range of performance lev-
els characterized by a positive cost benefit over the eco-
nomic lifecycle. This is a new approach in our practice
and has yet to be included in the legislation. However,
the existing regulations are in the phase of revisions and
amendments, which will include the principle of cost op-
timization as one of the essential criteria for assessing ef-
ficiency measures.

Buildings of nearly zero-energy are the buildings with
a very high energy performance, for which the nearly no
or very little energy required for the use of the building is
mostly obtained from renewable sources, including en-
ergy generated on-site or in the immediate vicinity of the
building location. All EU member states are obliged to
adopt their own definition of nearly zero-energy build-
ings, preferably for different building categories. In our

“Directive 2010/31/EU of the European Parliament and of
the Council of 19 May 2010 on the energy performance of
buildings
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3rpage. CBe 3emsbe, UnaHuue BY, y obasesn,cy fa foHecy
CBOje feduHULMje 3rpajja CKOPO HynTe eHepruje, v To 3a
pas3nyuTe Kateropuje 3rpafa. Y Hawoj akTyenHoj npak-
CV KaTeropuja 3rpafa rotoBo Hyfte eHepruje Hvje jou
AeduHMCaHa, HUTU je NoCTana feo NOA3aKOHCKMX aKaTa.

[lonyHa eBPONCKOT 3aKOHOAABHOT OKBMpPa Yy 06nacTu
eduKacHOCTV 3rpafa je uspluera 2012. roavHe Kaaa je
noHeTa [dupektvea o EHepreTckoj edukacHocT*' EE[],
6asnpaHa Ha MCKYCTBMMA 1 MOCTaBKaMa MPETXOAHO A0-
HeTux AmpekTvBa. upekTrea o EE goHocw HKM3 mepa
Koje he omoryhutu ywteay oa 20% eHepruje no 2020.
roavHe. KrbyuHu je unaH 5 koju yBoAM obaBe3y eHepreT-
CKke 0OHOBe 3% MOBPLWWHE jaBHMX 3rpafla Koje KopucTK
LieHTpaHa Bafa 1y heHOM Cy BNaCHMLWTBY. JacHO je fa
oBa 0b6aBe3a, NpeKko yroBopa ca EHepreTcKom 3ajefHn-
Lom, BaxkKn 1 3a Cpbujy, C TM Aa ce CTeneH roaulitbe
obHOBe 3rpafla CMarbyje 1 13HOCK 1% MOBPLIVHE OBMX
3rpaja.

Tpeba nctahu ga y oBrM AMPEKTUBaMA LWKOCKe 3rpa-
[le v 3rpafe Aeunjux yCTaHoBa Hemajy nocebaH TpeTmMaH
Yy OAHOCY Ha ocTane jasHe 3rpafe. Lkoncke 3rpage u
3rpaje Aeunjnx ycTaHoBa Npw TOM He cnafajy Yy 3rpage
jaBHE HameHe Y BNAaCHWLITBY LieHTpanHe Bnage Wim mx
LieHTpanHa Bnaga KopwcTy, Tako [ja Ce Ha X He OAHO-
cn obaBesa obHoBe 0 2018. roanHe Kako je fedpurHmca-
HO OBOM AMPEKTVBOM. ¥ EBPONCKOj YHMjW HE NOCTOjM je-
OMHCTBEH NPUCTYN ofpehrBarba rpaHUYHKX BpeAHOCTM
noTpolbe eHepruje, Beh je 0CTaB/beHO unaHuamMa aa
came perynuuy oy 061acT HaUWMOHaNHKM Nponmncrma.*

3.2 VickycTBa eBpONCKux 3eMarba u Cpbuje

PerynaTtisa LUKONCKMX 3rpada 1 3rpafa Aeumnjyx ycTaHo-

Ba BeNvHe eBPONCKMX 3emarba obyxsaTa [iBa OCHOBHa

cerMeHTa:

« MPWHUMNK NPOjeKTOBaba WKOMCKMX 3rpajia U 3rpa-
Aa fleunjnx yctaHoBa

I 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
“2 Europe’s buildings under the microscope, a country-by-
country review of the energy performance of the buildings
(2011) BPIE.

current practice, the category of nearly zero-energy
buildings has not yet been defined or become part of
any by-laws.

The European legislative framework in the area of
building performance was amended in 2012, when
the Energy Efficiency Directive (EED) was approved,*
based on the experiences and provisions of the previ-
ously adopted directives. The EED introduced a series
of measures targeting energy savings of 20% by 2020.
The key provision is Article 5, which stipulates that 3%
of the floor area of central government-owned and —oc-
cupied buildings be renovated each year. Through the
agreement with the Energy Community, this obligation
clearly also pertains to Serbia, although the level of an-
nual renovation is reduced to 1% of the floor area of such
buildings.

It should be noted that the Directives do not treat
school and childcare buildings any differently than other
public buildings. Moreover, as schools and kindergartens
are not central government-owned or —occupied build-
ings, the obligation of renovation by 2018 as defined by
the Directive does not apply to them. Finally, there is no
single approach in the European Union to determining
the limit values for energy consumption, and the mem-
bers are allowed to regulate this area through national
legislations.*?

3.2 European and Serbian experiences

With regard to school and childcare facilities, the legis-
lation of most European countries contains two basic
segments:
Regulations concerning the design principles for
school and childcare buildings;
Regulations concerning energy efficiency of build-
ings, with several building categories that distin-
guish between buildings of educational institutions,

' 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
“2 Europe’s buildings under the microscope, a country-by-
country review of the energy performance of the buildings
(2011) BPIE.
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+  eHepreTcka epUKaCHOCT 3rpajia rae PasnvKyjemo pas-
HOBPCHe KaTeropuje 3rpafa — nocebHo efyKaTviBHe
UHCTUTYLWje, TO JeCT WKone, 1 BoMHuLUE Koje Hajueluhe
00yxBaTajy 1 LieHTpe 3a AHEBHM bopasak AeLle.

Y nnTepatypu Moxemo npoHahu 3HaTaH 6poj Hayuy-
HOWCTPaXKMBAUKMX MpojeKaTa Koju je nocseheH cucTe-
MaTCKOM M3y4daBarby NpuHUMNa yHanpehera oBuMx 3rpa-
na*. ObHoBa WKona ce, y Npakcy, Hajuewhe cnposoan y
BUAY NMWUMOT NPOjeKaTa, KOjK KaCHWje Clyxe Kao npume-
pu fobpe npakce*. Cpehy ce n Nnpumepn Aa ce ynyTcTea
32 OOHOBY WKOACKMX 3rpada NpunpemMajy v Ha flokas-
HOM HMBOY®, Te a Cy OHa HamMerbeHa [IPKaBHUM UHCTW-
Tyumjama, anu v ynpasu cammx wkona. ObHoBa 3rpaja
Jeunjux ycTaHoBa Hajuelhe Huje y Gokycy oOUMHMjUX
NCTPaXKMBarba, @ NMPUMEPU HIXOBE 0OHOBE KPO3 NUIOT
npojekTe cy MHOro pehu.

Y Cpbujn je TOKOM MpeTxoaHe AelieHnje OOHOBbEH
BeNn 6pOj LWKoNa Kpo3 pasnmunte Nporpame’® nog pyKo-
BoacTBom CeeTcke baHke 1 KFW 6anke, YHAM-a ... OHo
LWITO je 3ajefHMYKO 33 CNpoBefieHy OOHOBY jecTe fa Huje
peanv3oBaHa Mo jeAMHCTBEHUM, YHanpes YCTaHOBSbe-
HVM MpUHUMNMMA ofabupa NPUOPUTETHUX 3rpajda, Kao
HV NpemMa jacHO AedUHUCAHMM TUMCKMM Mepama 0OHOBe
Koje omoryhaBajy yTBphrBarbe ylTee Ha HaloHaNHOM
HVBOY. /1aKo je NOCTUrHYT NPUMETaH KBanuTeT, y3 No0o/b-
LWarbe YCnoBa KoMbopa KOPUCHIMKA, CNPOBEAEHE akTHB-
HOCTI HWCY pe3ynTupane CTaHAapaM3aumjom NocTymnaka

4 OpabpaHun eBpONCKM NPOJeKTU Ca TEMOM EHEPreTCKM
edurkacHe 0bHoBe WKONCKKX 3rpaga: http://www.buildup.
eu/en/news/overview-school-buildings-leading-examples-
energy-efficient-renovation-0

“ MNpumepu yeTpKn NUOT NPOojeKTa OOHOBE WKoNa y
Hemaukoj, tanuju, JaHckoj v Hopeelwkoj: https://www.
school-of-the-future.eu/index.php/project-results/
demonstration-buildings

* Scuolesostenibili — Guild all’ efficienza energetica negli edifici
scolastici, ENEA Agenzia Nazionale Eficienza Energetica, http://
www.agenziaefficienzaenergetica.it/scuolesostenibili

“ [1BocTeneHn nporpam 0bHoBe LWKoMa 1 6onHuuUa Kpo3 SEEP
npojekar (2005-2012), dnHaHcvpaH of cTpaHe IDA kpeawnTa
CeTcke H6aHke 1 3ajma IBRD-a. Buwwe nHdopmaumja 4OCTynHO
Ha https//www.rehva.eu/publications-and-resources/rehva-
journal/2012/062012/energy-efficient-refurbishment-of-
public-buildings-in-serbia-full-version.html
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i.e. schools, and hospitals, which usually include child
daycare centers.

There have been a significant number of scientif-
ic research projects dedicated to the systematic study
of the principles of performance improvement in such
buildings.* In practice, school renovation is most often
implemented through pilot projects, which later serve
as examples of good practice* The instructions for
school building renovation may be prepared at the lo-
cal level;* they may be intended for state institutions, or
for the school administration. In comparison, renovation
of childcare facilities is usually not in the focus of exten-
sive research, and the examples of their redevelopment
through pilot projects are not as numerous.

In Serbia, a large number of schools have been reno-
vated over the past decade through various programs?*
under the auspices of the World Bank and KFW Bank, or
the UNDP. Invariably, the completed renovations have fol-
lowed neither a uniform set of pre-established principles
for the selection of priority buildings to be renewed, nor
a clearly defined type of renovation measures that would
provide the possibility of determining possible savings at
the national level. Although there have been noticeable
improvements in quality and user comfort, the renova-
tion activities have not resulted in the standardization of
procedures nor in recommendations for further activities
within this specific building stock segment.

* Selected European projects related to energy renovation

of school buildings: http://www.buildup.eu/en/news/
overview-school-buildings-leading-examples-energy-efficient-
renovation-0

“ Examples of 4 pilot projects for school renovation in
Germany, Italy, Denmark, and Norway: https://www.
school-of-the-future.eu/index.php/project-results/
demonstration-buildings

* Scuolesostenibili — Guild all'efficienza energetica negli
edifici scolastici, ENEA Agenzia Nazionale Eficienza Energetica,
http://www.agenziaefficienzaenergetica.it/scuolesostenibili

% A two-step renovation program for schools and hospitals
through a SEEP project (2005-2012), financed by the IDA World
Bank loan and the IBRD loan. More information available at
https://www.rehva.eu/publications-and-resources/rehva-
journal/2012/062012/energy-efficient-refurbishment-of-
public-buildings-in-serbia-full-version.html
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HWUTV NpenopyKama 3a farbe akTMBHOCTW Y OKBUPY OBOT
cneundnyHor cermeHTa rpaheBmHCKor doHaa.

3.2.1 Cpbuja

Baxkehvm npasunHMuMMa®’ neduHMLLy ce OCHOBHM
napameTpn 3a NPOojeKToBarbe OArosapajyhinx ycnosa 6o-
paBKa Yy 3rpafiama WKOCKMX 1 NPefLIKONCKMX YCTaHOBA.

[pejarbe

Y WKonama je NoTpebHO oapKaBaTh YrogHy Temne-
paTypy, HAPOUUTO Y HACTaBHMM NPOCTOPWjama ¥ MPOCTO-
pwvjama 3a NPOAYXeHW UK LienofaHeBHN bopagak. Mpema
[paBUTHNKY, Y 3MMCKOM Neproay Temnepatypa Y WKos-
CKMM NPOCTOpMjama 3a NpaBuiiHy Gr3nonowky GyHKUMjY
opraHv3ma v 3a pag U3HoOCH:

+ Y HaCTaBHWM NPOCTOPMjama, 13y3eB case 3a
dur3mnuKo BacnuTarse, 20°C;

+ Y CBMM pafHum npoctopujama 18°C;

+ Yy Canu 3a GU3NYKO BaCMUTaHE, XOAHMLMMA U
caHuTapujama 16°C.

HasepaeHe TemnepaType je NOTpebHO OfpPKaBaTh To-
KOM paHOr BpemeHa wkose. Hajuenncxoanujy HauuH
3arpeBarba WKOJe 1 OfparkaBakba NoTpebHe Temnepaty-
pe jecTe LeHTPanHo rpejare, OAHOCHO eTaXKHO rpejarbe
Y MarblM NPU3EMHUM LIKONCKMM 3rpadama. Camo y 13y-
3eTHUM CJlyYajeBrMa, 3arpeBakbe MarbiX WKOMa MOXKe
61T KarbeBMM Nehrma. 3arpeBakbe HacTaBHUX NPOCTO-
pwvja MeTanHUM nehrma Huje AO3BOSBEHO.

BeHTunauuja
[la 61 ce ouyBano 3apassbe yueHvKa 1 0be3bennnu

HOPMaNHN XUrMjeHCKM YCOBY 3a paf Y HacTaBHMM NPOC-
TopuWjama, NOTPeOHO je A0BECTN AOBOSHHO YMCTOT Basay-
Xa 1 OAPKaBaATN HOPMAHY MUKPOKAUMY. [penopydeHn
06POK Bazfyxa Mo jeAHOM yUeHWKy 13HocK 20 m?* y ToKy
JeAHOr LWKOJICKOT Yaca. 3a CTaNHO OApXKaBarbe YMCTOr
Basdyxa y YUMOHMUW, NPV 3anpeMmHu Of Hajmarbe 5 m?
M0 YUeHWKy, NOTpebHO je y TOKY jeAHOr Yaca HajMatbe ye-
TP NyTa U3MeHUTV Basgyx (5 m? x4 1/h = 20 m*/h).

# [pasunHUK 0 HOPMAaMUBUMA WKOJICKO2 NPOCMOpPd, Onpeme
U HacmasHux cpedcmasad 3a 0CHo8Hy wikosy, Cr. enacHuk CPC —
lpoceemHu enacHuk, 6p. 4/90

Closer definitions of standards for thermal comfort
parameters for schools and kindergartens in Serbia and
other countries are given below.

3.2.1 Serbia

Current Rulebook® defines the basic parameters for
designing adequate conditions for occupancy in school
and kindergarten buildings.

Heating
Schools need to maintain a comfortable tempera-

ture, especially in classrooms and rooms for extended or

full-day occupancy. The Rulebook stipulates that in the

winter period, the school room temperatures for physi-

ological wellbeing and work be as follows:

«20°Cin tuition rooms, except the gymnasium;

- 18°Cin all work spaces;

«16°Cin the gymnasium, corridors, and sanitary
facilities.

The above temperatures need to be maintained dur-
ing school hours. The most efficient mode of heating
the school and maintaining the required temperature is
district heating, or centralized heating with a dedicated
boiler in small, one-story school buildings. Only excep-
tionally, small schools can be heated by tiled stoves. Us-
ing metal stoves for heating the classrooms is prohibited.

Ventilation

In order to preserve students’ health and to pro-
vide adequate hygienic conditions for classwork, it is
necessary to supply sufficient amounts of fresh air and
maintain a suitable microclimate. The recommend-
ed amount of air is 20 m? per student per class period.
Continuous fresh air supply in the classroom at a vol-
ume of at least 5 m? per student requires at least four air
changes (5 m?x 4 1/h =20 m/h).

4 Rulebook on the standards regarding the school premises,
equipment and teaching resources for primary schools. SRS
Official Gazette—Educational Gazette, No. 4/90 [in Serbian]
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BeHTunaumja ce obaBmwa NPUPOAHVM UM MeXaHNy-
Kum nyTem. MpupoaHa BeHTUNaumja ce 0bnYHO OCTBa-
pyje noBpemMeHnM oTBapar-em Npo3opa. [Mpv NpUpoaHoj
BeHTUNaumjn (NposeTpasate) Tpeba BOAMTM padyHa fa
yUeHVUM He Byay V3NOXeHW NPoMaju v yaapuMa Xnag-
Hor Basdyxa. MMpupoaHa BeHTVNAUMja je LenvMcxoaHa,
€KOHOMMYHa 1 edrKacHa, Te ce obesbehyje y HacTaBHMUM
NpOCTOpMjamMa CBMX OCHOBHYX LUKOAA.

MexaHwnuka BeHT1NaLMja je AoMyHa NPYPOAHOj BEHTH-
naumjn. Obase3Ha je y nabopatopujama 1 pagnoH1Lama
rae ce Npwv pafly pasBujajy racoBuM 1 NpalinHa, Kao 1y BU-
LeHaMEHCKOM NPOCTOpPY rae ce OKynsba Behn 6poj yueHu-
Ka 1 poauTerba. Obesbehyje ce yrpagHomM BeHTMAATOPA.

Knumatuzaumija
KnmmaTi3aupija LWKONCKMX 3rpafa Huje KapaktepncTny-

Ha 3a Wwkone y Cpbujn, C 063MPOM Ha Ayr NeTHbM PacTyCT 1
UMFbEHMLLY [ia Y WKOMama Hema y4eHuKa y HajTornmjem ne-
pyroay rofviHe. YKONVIKO je y HEKOM, OOMYHOM Marbem, fesy
WKONCKe 3rpafie noTpebHo xnaherse y NeTkem Neproay,
yrpahyjy ce nokanHu KnumMat3aumoHn ypehajn.

3a pa3nnKy of Wkona, BpTMhK page TOKOM Liene ro-
AMHe, Tako fa ce cee Behur 6poj BpTha KNMMaTumyje 3a-
paf nocTM3akba TEPMUUKMX YCIOBA YrOAHOCTU Y CBUM
eKCMNoaTaLUMOHNUM YCIIOBUMA.

3.2.2 XpBaTcka®®

[pejarbe
3a rpejarbe NpocTopa ¥ NPUNpPemMy CaHWTapHe Tome
BOJE MOry [la Ce KOpWUCTe CBM TUMOBW LIeHTPaHMX CUC-
TemMa rpejarba. Y Npoctopmrma 3a paf U bopasak Bazayx
Mopa fla byae paBHOMEPHO 3arpejaH Ha cnepehe Bpea-
HOCTV TemnepaType:
+ Y yunoHumLama Ha 20°C,
+ Yy NPOCTOpMjama 3a OpraHv3aumjy 1 KoopavHaumjy
pajaa, kao 1y 360pHUUKM Ha 20°C,
+ Y CNOPTCKOj ABOpaHM Ha 16-18°C,
+ Y CBMAYMOHMLAMa 1 MOKPMM YBOPOBMMA Ha 20-22°C,
+ Y XOOHWUMMA ¥ CTeneHuwTMa Ha 18°C.

* [lpxagHu nedazowku cmaHoapd 0CHOBHOWKO/ICKO? Cycmaga
0020ja u obpazosarea, HapooHe HosuHe 6poj 63, of 2. jyHa 2008.
roavHe 1 6poj 90. o4 21 jyna 2010. roanHe
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Ventilation can be natural and mechanical. Natu-
ral ventilation is usually provided by opening the win-
dows periodically. With natural ventilation (airing), care
must be taken to ensure that students are not exposed
to draft or blasts of cold air. Natural ventilation is conven-
ient, economical and efficient, and is provided in class-
rooms of all primary schools.

Mechanical ventilation is a supplement to natural
ventilation. It is mandatory in laboratories and work-
shops where gases and dust develop, as well as in multi-
purpose spaces where a large number of pupils and par-
ents are gathered. It is provided by the installation of fan
units.

Air conditioning

Air conditioning of school buildings is not usual in
schools in Serbia, given the long summer break and the fact
that students do not occupy schools in the hottest part of
the year. If cooling is necessary in a typically small part of the
school building in the summer period, this is usually solved
by the installation of local air conditioning units.

In contrast to schools, kindergartens are operational
throughout the year, so that there is an increasing trend
of the use of air conditioning in order to achieve thermal
comfort under all working conditions.

3.2.2 Croatia®®

Heating
All types of centralized heating systems can be used

for heating and domestic hot water preparation. In work
and occupancy spaces, the air must be evenly heated to
the following temperature values:

20°C in classrooms;

20°Cin spacesforworkorganization and coordination

and in the staffroom;

16-18°C in the gymnasium;

20-22°Cin locker rooms and sanitary facilities;

18°C in corridors and stairways.

 State pedagogical standard for primary education, Narodne
novine Nos. 63 of 02/06/2008 and 90 of 21/07/2010 [in
Croatian]
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BeHtnnauuja

Cv npocTopw 3a paj 1 bopasak ce NPUPoAHO NPo-
BeTpaBajy. Y HaCTaBHWUM NpocTopujama Tpeba ocurypa-
TV YETUPY M3MEHe Bazayxa Ha caT uam 25-30 m*/h cee-
Xer Bazflyxa Mo ydyeHuky. [pu Tome, Hajseha 6p3vHa
CTpyjarba Bazayxa He cve aa npehe 0,2 m/s.

Knumatusauumja
Y nepuofly BMCOKMX CMosballkblX Temnepatypa, Y

npocTopuMa WwKone Tpeba aa ce obe3benn onTvManHa
TemnepaTypa Ba3fyxa — 5°C Hixa of cnorbHe. Ha npo3o-
pvima Tpeba NpeBUAETI 3aLWTUTY Off MPEKOMEPHOT CyH-
UeBOr 3padersa. Y yumoHmnlama ce obesbehyje penatuis-
Ha BNaXKHOCT Ba3fyxa 45-55%.

3.2.3 Benuka bputaHwmja* =

Mpernen pa3soja 06Pa3OBHON CUCTEMA U LUKOMCKMX
3rpaja, of cpefvHe 19. Beka Ao AaHac y Benwvkoj bpu-
TaHWjW, [aT je y nuTepatypwn’!, rae noctoje 1 nofaum e-
3aHK 33 UCTOPWJCKM Pa3Boj NpocTopHor Komdpopa. Osae
Cy W3ABOjEHN CaBPEeMEeHM 3axTeBM 3a MOCTV3arbe Tep-
MUUKOT Komdopa 6opaska, AOK je MPOCTOpHM Kombop
nebvHMcaH 3a WKoncke 3rpage Kao 1,8-2,2 m? no aete-
Ty, AOK 33 NPeALIKONCKe yCTaHoBe M3HOCK 2,5-3,5 m? no
netety®.

“ Guidelines for healthy environments within European
schools, 2003

*0 Building Bulletin 101(2006) Ventilation of School Buildings.
Regulations, Standards and Design Guidance.

" Dudek M. (2007) Schools and Kindergartens (Design
Manuals). Birkhduser Architecture.

%2 Schools and Kindergartens (Design Manuals), ctp.19

Ventilation

All work and occupancy spaces should have natural
ventilation. There should be four air changes per hour or
25-30 m?/h of fresh air per student. The maximum air ve-
locity should not exceed 0.2 m/s.

Air conditioning

In the period of high external temperatures, opti-
mum air temperature in the school premises should
be 5°C lower than outdoors. The windows should pro-
vide protection against excessive solar radiation. Rela-
tive air humidity of 45-55% should be provided in the
classrooms.

3.2.3 Great Britain* *°

A review of the development of the educational sys-
tem and school buildings in Great Britain from the mid-
19™ century to the present can be found in the literature,”
including the information on the historical development
of spatial comfort. The data provided here are the cur-
rent requirements for achieving thermal comfort, while
spatial comfort is defined as 1.8-2.2 m? per child in school
buildings, and 2.5-3.5 m? per child in kindergartens.”

4 Guidelines for healthy environments within European
schools, 2003

°0 Building Bulletin 101(2006) Ventilation of School Buildings.
Regulations, Standards and Design Guidance.

1 Dudek M. (2007) Schools and Kindergartens (Design
Manuals). Birkhauser Architecture.

>2 Schools and Kindergartens (Design Manuals), p.19
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[pejatbe
Cuctem 3a rpejarbe Tpeba Aa ofpxkasa NponvcaHy
TeMnepaTypy Basfyxa Ha BUCKHM of 0,5 m of noaa npoc-
Topwuje. Npu cnorpalHoj TemnepaTypu Basayxa of -1°C,
TemnepaTtypa y npoctopujama Tpeba Aa byae:
+  ynpocTopwjama ca HOpPManNHOM GU3NYKOM
akTneHowhy, HacTaBom 18°C,
+ ynpocTopwjama ca cMarbeHoM GU3NUKOM
akTvBHoWhy Npoy3pokoBaHom bonectnma 21°C,
« Yy OUCKynTYpHUM canama 15°C.

BeHTunauwmja
CucTemMoM 3a BEHTUMAUMjY MOpa [la ce oBefe CBeX

1 ofgefe 3araheH Basayx 13 CBKX NpocTopa npeasuhe-
HVIX 33 HaCTaBy U yuerbe, Y KOMUUNHI:
« MuHMManHo 3 1/s (10,8 m3/h) no ocobwu
« MWHMMANHO NPOCeYHo AHEBHO 5 I/s (18 m3/h)
no ocobmn
+ MoryhHocT fa ce gocturHe 8 1/s (28,8 m*/h) no
0Cobu y BUNO KOM TREHYTKY PafiHOT BPeEMEHa.

Kapa cuctem 3a BeHTMNaumjy paau ca 8 I/s ceexer
Ba3fyxa Nno ocobu, KOHLUEHTPaUW]a YITbeH-ANOKCUAA He
6u Tpebano aa npekopayu BpenHocT 1.000 ppm. Ako
Cce KOHLEeHTpauurja YrbeH-ANOKCMAa Mepu Y BUCKHM
rnase ocobe Koja ceaun, cpefHa BPeAHOCT Yy TOKY paj-
Hor AlaHa He 61 cmena aa npehe BpeaHocT 1.500 aenosa
y MUANOH (ppm). Mepetbe ce 6asrpa Ha noTpebu aa ce
KOHTPOMMLLE HUBO YITbeH-AMOKCMAA KOjU je HacTao yc-
nep Avcarba NPUCYTHUX. Y NpoCTopMjama 3a HacTasy U
yyerbe, YKONMMKO HemMa Apyrux 3arahueaya, yriseH-AmnoK-
cVa je raBHM NHAOMKATOP KOHTPOSEe KBannTeTa yHyTpa-
WH-er Ba3ayxa.

KnumaTtuvsauumja
33 CnpeyaBarbe NPEKOMEPHOT 3arpeBakba MPOCTOPa
YTBPHEHW Cy KpUTEPUjyMM KOjW KapaKTepuLly yCiose y
WKONCKMM 3rpagama. OBM CTaHAapaW ce ofgHoCe Ha ne-
pron pagHor BpemeHa oa 9 go 15.30 uacosa, of NoHe-
[efbKa 10 NeTKa, y neproay oA 1. maja Ao 30. cenTembpa.
6poj caTn y KojUMa je rpaHnyHa Temneparypa
npekopaveHa: TemnepaTypa Ba3fyxa y yunmoHmuama
He 61 Tpebano fa npehe 28°Cy suie o 120 catu.

40

Heating
The heating system should maintain the set air tem-

perature at the height of 0.5 m from the floor. At the ex-
ternal air temperature of -1°C, the room temperatures
should be as follows:
18 °C in rooms with normal physical activity and
classwork;
21°Cin rooms with reduced physical activity caused
by illness;
15°Cin the gymnasium.

Ventilation
The ventilation system must ensure the exchange of
fresh and exhaust air in all spaces used for classwork and
learning, as follows:
minimum 3 1/s (10.8 m*/h) per person;
minimum daily average of 5 I/s (18 m*/h) per person;
potential to reach 8 1/s (28.8 m*/h) per person at any
given moment during working hours.

When the ventilation system works at the rate of 81/s
of fresh air per person, the concentration of carbon diox-
ide should not exceed 1000 ppm. When the concentra-
tion of carbon dioxide is measured at the head height
of a seated person, the mean value during the working
day should not exceed 1500 ppm. The given values are
based on the need to control the level of carbon diox-
ide produced by the occupants’ respiration. If there are
no other pollutants in the spaces used for classwork and
learning, carbon dioxide is the main indicator of the inte-
rior air quality.

Air conditioning
In order to prevent excessive space heating, criteria
have been set for the conditions in school buildings. The
following standards refer to the working hours from 9 am
to 3:30 pm, Monday through Friday, from 1 May to 30
September.
The number of hours in which the temperature limit
has been exceeded: the air temperature in the class-
rooms should not exceed 28°C for more than 120
hours.
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« YKOJIMKO YHyTpallkba TemnepaTypa npesasunasu
Cnosballbby: MPOCEYHa YHyTpalltba Temnepatypa ou
Tpebano ga byae suwa camo 5°C of Cnosballhbe.

+ MaKCVMasHa yHyTpallkba TemnepaTypa Koja ce
NojaBu y TOKY PafiHOT BpeMeHa: yHyTpalltba
Temnepatypa y nepuoay Npucyctea ocoba He ou
Tpebano na byae suwa o 32°C.

3.3 MoryhHocTn yHanpehetba edrkacHoCTH
€N1eKTPOoeHepPreTCKMX CUCTEMA Y LUKOJSICKVM 1
NpeALIKONCKNM yCTaHOBama

EnekTpuyHa eHepruja y WKONCKMM 1 NPeALLKONCKMM
00jeKTMa Ce YrnaBHOM KOPWUCTW 33 OCBET/bEHE, MPW-
npemy CaHUTapHe ToMnse BoAe 1 NPUNpemMy XpaHe, MoroH
KnuMa-ypehaja, pag padyHapcke 1 apyre onpeme. Y Bp-
TVNKMa je uecTa ynoTpeba enekTpuyHe eHepruje 3a npu-
npemy xpaHe.

YHanpeherbe eHepretcke edUKACHOCTU KpPO3 KO-
puwherse enekTpnyHe eHepruje ce moxke noctnhu pa-
LMOHaNM3aumMjoM NOTPOWHe enekTpuyHe eHepruje u
eduKacHmjom ynoTpebom crcTema pacseTe. PauyoHanHa
ynoTpeba enekTpuuHe eHepruje ce yrnaBHOM OAHOCK Ha
npaBuiHO kopuwhere Knuma-ypehaja (Cnant cuctem),
KpO3 pauMOHaHO MojellaBakbe TemnepaTtype y npoc-
TopWjama y OAHOCY Ha Crosballitby amOujeHTanHy Tem-
nepaTypy. Takohe, M3BECHO CMatrberbe MOTPOLIHE eflek-
TPUUHE eHepruje ce Moxke NOCTURK 1 Kof npunpeme U
Kopuwhersa CaHUTapHe Torsle Bofe Y akymynauvoHUM
6ojnepuma. Mnak, rnasHu edekTn noseharba eHepret-
CKe eprKaCHOCTM Y NMOTPOLWHM eNekTpryHe eHeprije ce
ouekyjy y kopuhethy eHepreTckm edprKkacHMx cucteMa
OCBeT/beba.

OcgeTrbetbe y nNpocTtopujaMa LKONCKMX 1 npedLl-
KONCKMX YCTaHOBA je BPNo OGWTHa KaTeropwja, jep ycno-
B/baBa aleKBATHE pajiHe YCII0BE 33 YUEHNKE U HAaCTaBHU-
Ke Y LUKONCKMM OBJeKTMMA, Kao 1 3a bopaBak v Urpy fele
y NPEeAWKoNCKMM ycTaHoBamMa. C 0631MpOM Ha BaXKHOCT
OBAKBMX WHCTanaumja, npn aeduHmncarby OUNo Kakewx
Mepa NoTpebHO je YBakUTW CBe CTaHAapAe y nornegy
MOCTM3aHa NPENOPYUYEHNX HMBOA OCHOBHMX MapameTa-
pa KBanuTeTa OCBET/betba:

« The extent to which the indoor temperature is
above the exterior temperature: the average indoor
temperature should not be higher than exterior
temperature by more than 5°C.

+ Maximum indoor temperature during working
hours: the indoor temperature during periods of oc-
cupancy should not exceed 32°C.

3.3 Possibilities for improving the efficiency
of electric power systems in school and kindergarten
facilities

In school and kindergarten buildings, electric pow-
eris mainly used for lighting, domestic hot water prepa-
ration, and the operation of air conditioners, computers
and other equipment. In kindergartens, it is also often
used for food preparation.

The electric energy efficiency can be increased
through more rational power consumption and the use
of more efficient lighting systems. Rational use of elec-
tricity mainly implies the proper use of split-type air
conditioning systems or setting the room temperature
according to the outdoor ambient temperature. In ad-
dition, a certain reduction in power consumption can
be achieved by the use of water heaters with a storage
tank in the domestic hot water preparation. However,
the main effects of increasing electric energy efficien-
cy are expected from the use of energy efficient lighting
systems.

Lighting is a very important category in terms of
providing adequate working conditions for students
and teachers in school facilities, as well as for child care
and play in kindergartens. Considering the importance
of such installations, the definition of measures should
take into account all recommended basic lighting qual-
ity standards, such as:

- level of illuminance
+uniformity of illuminance

- colorof light

- distribution of luminance

« limitation of glare

- direction of incident light on the work surface
- flicker.
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* HVBO OCBET/LEHOCTU
*  PaBHOMEPHOCT OCBET/beHOCTY

- 00ja cBeTnoCTM

+  pacnofgena cjajHoCTn

+  OrpaHuuerbe bneluTarba

+  CMep ynagHe CBETIOCTV Ha PafHy NOBPLIMHY
+  Tpeneperbe CBETIOCTU.

MNopef HaBeAeHWX NoKasaTesba KBanUTeTa OCBET/be-
HOCTW, Uuje Cy KBaHTUTaTUBHE Mepe AeduHUCaHe Oaro-
Bapajyhunm ctaHgapanma, npu n3bopy edukacHmX cucte-
Ma OCBeT/berba, Kao WTo je LED ocgeTrberbe, NoTpebHo
je BOAWTU padyHa 1 O CNeKTPanHUM KapaKTepucTMKama
OBWX M3BOPA, Kako B1 Buam NprxeaT/bMBY 3a OopaBak
Aele, haka 1 HaCTaBHMKA Y LKONCKMM 1 MPeWKONCKAM
objeKTMa.
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In addition to the above light quality parameters,
the quantitative measures of which are defined by ap-
propriate standards, the choice of efficient lighting sys-
tems, such as LED lighting, should take into account the
spectral characteristics of light sources so that they are
acceptable for the occupancy of children, students and
teachers in schools and kindergarten buildings.
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4. METOJONOINJA ®OPMUPAHA TUMONOIMNIE

OCHOBHM KOHLIENT dopmMuparba METOAOMOTMje 3a pa3-
BOj TWMNoNorvje WKona 1 BpTvha 3aCHOBaH je Ha UnHbeHu-
UM A3 He MoCToju JOBOSbHO NojaTaka O rpaheBMHCKOM
doHay oBVX 3rpafa. Pacnonoxueu mopaun yrnasHOM
NAEHTUOMKY]Y YCTaHOBE, TO JecT 3rpafe Koje UM npuna-
1ajy, peTko ca nHdopMaLmjama o MOBPLUMHK, anw, No Npa-
BUNY, 6€3 MKAKBMX NOAATaKa O KapaKTepUCTNKamMa Cammx
3rpajia HeMomMxoAHM 3a AedUH1Carbe TUNONOTHje.

3BaHWYHa cTaTUCTMKa obpahyje yrnaBHoM 6poj yc-
TaHOBa, OpPOj oferberba (felle), HacTaBHOM 0COb/ba U
Apyre noaaTke Koju OAC/MKaBajy Pa3Boj LKOACKOT CUC-
Tema, ann ce MHOOPMaLMje O M3rpadHbi 1 KapakTepuc-
TVIKaMa WKoMa YrnaBHOM He Mory npoHahun.> Ycnen pe-
NATVBHO OCKYAHWX MoAaTaka O MaTepujanHoO-TEXHUYKIAM
KapaKkTepucTMKama 3rpaga, Kao v Nepuoamma y Kojuma
Cy n3rpaheHe, 3aKk/byueHo je Aa je HeonxoaHO M3BPLIMTK
HaMEHCKO MpUWKynfbakbe nofataka nytem nocebHo au-
3ajHUPaHOr MOMKMCa LKOMa U NPeWKONCKMX yCTaHOoBa
Koju 61 61O CNpoBefeH Ha LiefloKynHOj TepuTopujn Pe-
nybnunke Cpbuje™.

OCHOBHW KOpaLW jeiHOr OBAKBOT MOCTyrMKa ce 6a3n-
pajy Ha UCKYCTBMMA CTeUYeHWUM MPUANKOM GopmMMpatba
HaumoHanHe TMnonoruje ctambeHnx 3rpafa, a y cneuu-
bryHOM Ccyyajy M3paae TUNooruje WKOMCKMX 1 npeaL-
KOJICKUX YCTaHOBa PasfvKyjemo:

- [leduHuncarbe HauvHa cnposoherba nonumca
« Qopmuparbe ynuTHKKa Ca ONTUManH1M bpojem

M1Takba Kako 61 ce obyxBaTune ce cneundryHoCTH

CTPYKTYpasHe opraHu3aLinje WKONCKUX 1

NpefLKONCKMX YCTaHOBA, Kao U peneBaHTHe

MaTepujanHo-TEXHNYKE KapaKTepuCTVKe 3rpasa
+  Kpewparse 6a3e nofaTaka v MpOrpaMcKor nakeTa 3a

MaHUnynauwvjy nogauvma
« [poBepy KBanmMTeTa 1 KOH3UCTEHTHOCTH

NPUKYNIbeHUX NnofaTtaka
« CTatTncTruKy 0bpaay reHepaTBHUX KapaKTepuCTHKa

NPUMEHOM KNacTep aHanuse

°3 Pacnonoxmew M3BOpW Noaataka obpaheHn Cy y Krbrrama
Tunonoeuja wKkonckux 32pada u Tunonoeauja 3epada
NpedKO/ICKUX yCmAaHosa

** He yksbyuyjyhu Teputopujy Kocosa n Metoxuje

4. THE METHODOLOGICAL APPROACH TO
TYPOLOGY FORMATION

The original concept of forming the methodology for
the development of typology of schools and kindergar-
tens stemmed from the lack of data on this segment of
the building stock. The available data generally identified
the institutions or their respective buildings, rarely men-
tioning the floor area, and almost never providing any
information on the building characteristics necessary for
the definition of the typology.

The data processed by the official statistics mainly
contained the number of institutions, classes, children, or
teaching staff and other details that reflected the devel-
opment of the school system, but the information about
the construction and characteristics of schools was miss-
ing.>* Due to the relatively scarce data on the material
and technical characteristics of the buildings and the pe-
riods of construction, it was necessary to conduct pur-
poseful sampling for data collection through a specially
designed survey of schools and kindergartens in the en-
tire territory of the Republic of Serbia.**

The procedure was based on the experiences gained
in the formation of the National Typology of Residential
Buildings. Specifically, the development of the typology
of schools and kindergartens distinguished the following
basic steps:

Defining the method for conducting the survey;

Forming the questionnaire with an optimal number

of questions in order to include all the specifics of

school and kindergarten structural organization

as well as relevant material and technical

characteristics of buildings;

Creating the database and the software package to

manipulate the data;

Checking the quality and consistency of the

collected data;

Statistical processing of generative characteristics

using cluster analysis;

Defining the model buildings and creating “matrices”

>3 The available data sources were examined in Typology of
School Buildings and Typology of Kindergarten Buildings
> excluding the territory of Kosovo and Metohija
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« HedwHucarbe Mofenckmnx 3rpafa 1 1spagay ,Matpmia”
WKOMCKMX, TO jecT MpeAWKoNCKUx 3rpafa npema
OCHOBHWM reHepuwyhimM napameTprma

« Opabvp TUAMYHWX, peanHux, 3rpafla Koje npema
CBOJUM KapaKTeprCTUKama OAroBapajy reHeprcaHnm
MOJENCKINM 3rpafama

HakoH reHepyicarba MaTpuiLe TUMMYHKX 3rpaja, He-
OMXO[HO je YTBPAWTU HUXOBE eHEpreTcke KapakTepuc-
TUKe, Kao 1 MOryRHOCTK 3a yHanpehere na camvm Tim
VI CMatbetbe eMrncuje yribeH-anoKcmnaa. MeTofonowkm ce
CTOra, 3a CBaky pedepeHTHy 3rpaay, npeasvha aa ce:

«  MPWKYNW TexHWYKa [OKyMeHTauMja ofabpaHux
(peanHux) 3rpafla Kako 6K ce feTarbHO YTBpAWNe
MaTepujanHO-TEXHUUKE KapaKTEPUCTHIKE,

-+ V3paau enabopat eHepreTcke edUKAaCHOCTU 3rpage
y Cknagy ca BaxehoM MOA3aKOHCKOM PEerynatMBom
(OBpe je BaXHO HamMoMeHyTW [a Ce MPUINKOM
v3pane enabopata eHepretcke edUKacHOCTU Kao
NOJa3HO Y3MMa MPOJEKTOBAHO, OPUMMHAIHO, CTarbe,
6e3 HakHafHWX MHTepBEHUMja, Kako Ou ce aobunu
nofauy Koju Cy peneBaHTHM 3a Behu 6poj 3rpaaa 6e3
yTnUaja KOHKPETHUX WHTepBEeHUMja Koje Cy MoXAa
cnpoBoheHe Ha KOHKPEeTHMM, ofabpaHym 3rpagama.)

«  peduHWWY TPW HMBOA YHanpeherba apXUTEKTOHCKIMX
KapaKTePUCTINKA, MALLVMHCKUX 1 eNeKTPOEHEPreTCKIX
VHCTanauuja, y Cknagy ca akTyenHOM MpakcoM,
npenopykama EBponcke yH1je, Kao 1 MaTepujanHiim
moryhHocTVma

- v3page enabopaTtv eHepreTcke edprKacHOCTY Ca CBUM
peneBaHTHVM NojalliMa 3a CBe HUBOe yHanpehersa.

4.1 KapakTepuctumke nonmca

3a pasnuKy of nonwmca cTambeHnx 3rpaga paheHor
3a notpebe m3pafe HaumoHanHe TMNonorvje crambe-
HWX 3rpaja, Kafa je Nonuc, NpemMa HaMeHCK Pa3BurjeHoj
MeTOAOMOrjY, paauna npodecrioHanHa opraHvsaumja
Koja ce GaBW CTAaTUCTUUKUM UCTPaXKWMBaHMMa, 3a Npu-
Kyrn/bakbe nodaTaka o Wwkonama 1 BpTuhrma nprmer-eH
je apyraumnjn NpuCTyn, KOjW je YK/byUuno NIOKasHe 3ajef-
HuLe 1 ekcnepte. [IpoMeHa HauyvHa NpViKyn/bakba NO-
[aTaka M npenasak ca LeHTpanm3oBaHe (CTAaTUCTUYKM
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of school and kindergarten buildings according to
the basic generation parameters;

«  Selecting the existing building types whose char-
acteristics corresponded to the generated model
buildings.

After the matrix of building types was generated, it
was necessary to determine their energy characteristics
as well as their potential for improvement and conse-
quent reductions in carbon dioxide emissions. Therefore,
the methodology suggested the following steps for each
reference building:

- Collecting design documentation of the selected
(existing) buildings in order to provide detailed ma-
terial and technical characteristics;

- Conducting a building energy efficiency study in ac-
cordance with the current by-laws (it is important to
mention that the study was based on the original de-
sign condition, without subsequent interventions, in
order to obtain data relevant for a comprehensive
number of buildings without the impact of particular
interventions that may have been undertaken on the
specific selected buildings);

- Defining three levels of improvement of architecton-
ic characteristics and mechanical and electrical in-
stallations in accordance with current practice, rec-
ommendations of the European Union and relevant
material circumstances;

- Producing energy efficiency studies containing all
relevant data for all levels of improvement.

4.1 Characteristics of the survey

In contrast to the survey of residential buildings car-
ried out for the National Typology of Residential Build-
ings, which was conducted after purposeful method-
ology by a professional organization specializing in
statistical research, an alternative approach to the data
collection for schools and kindergartens involved local
communities and experts. The change in the data collec-
tion method and the shift from centralized (statistically
professional) to local (expert) methodology resulted in
noticeable variations in the scope and quality of data.
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npodecroHanHe) Ha nokanHy (ekcenepTcky) MeTogono-
rvjy je pesyntmpao NpUMeTHUM Bapwjauujama y obumy
1 KBanuteTy nofataka. [logaumn cy no 3aBplweHOM npu-
Kyr/batby YHeTV y oarosapajyny 6asy rae ce npuctynu-
710 NPOBEPU HNXOBOT KBaNWTETa U CTPYKTYPE 1 MPUTOM
je BplieHo ,unhere” OHNX ca HeoaroBapajynim Kapak-
TEPUCTUKAMA. YCNe[ PeNaTMBHO OrPaHUYEHNX BPEMEH-
CKVX 1 MaTepMjanHnx pecypca nodaLy HUCY y CBUM Cek-
TopuMa bunu oarosapajyher keanuteTa, Tako Aa je 6aza
KopvwheHa 3a Aarbe aHanm3e NPYMETHO pefykoBaHa y
OAHOCY Ha MHWLWjanHy.

Mpouec npukym/barba Nofataka je nogpasymesao
fa ce Teputopuja Cpbuje nogenu y BuLwe permoHa v 3a
CBaKW PErvoH je GopMMpaH NOKaMHN eKCrepTcku TM
(MpadwikoH2).

3afatak TMMa je 610 Aa KOHTaKTMpa ca CTPYYHMM
cnyx6ama y onTMHaMa, Ca AMPEKTOPUMA AN CTRYYUHMIM
cnyk6ama MHCTUTYLMja Koje Cce MOMuUcyjy, Kao v nokan-
HVM eKCNePTMMA KOjX pacrnonaxy NoTpedbHUM HGopma-
Umjama. EKkcnepTu cy Takohe nmanu 3adaTak Aa NoKanHUM
MHCTUTYUMjaMa nnun ciykbama npyxe notpedbHy nomonh
npv NoNyHaBakby YIUTHMKA.

3a noTpebe nonuca je pa3BujeH HaMeHCKMN YIUTHUK.
OcHOoBHM Wb NpojeKTa je 61o fa ce Hanpasy TUMONO-
mMja WKona W feunjux yCTaHoBa, anu je TOKOM MHULMjan-
He da3e foHeTa oanyKa Aa ce UCTOBPEMEHO MOMULLY U
jaBHe 3rpafe Koje Cy y BNaCHUWTBY Apxase® Kako bu ce
OBV MOAALM KacHWje MO KOPWCTWTK 3a yTBphYBatbe
pedepeHTHMX MNOCNOBHMX 3rpaja. [locneavua oBor,
cBobyxBaTHMjer obvima MonvcKBaba 3rpaja jecte fa je
YIUTHUK JOOMO CNOXKEHW]Y CTPYKTYPY ¥ NofesbeH je Ha
BYMLLE rpyna nN1Takba y CKafdy ca BPCTOM 0bjeKTa Koju ce
nonucyje.

> EE Oupektnsa 2012/27/EU

Upon collection, the data were entered into the appro-
priate database, upon which their quality and structure
were checked, and those with inadequate characteristics
were cleansed. Due to the relatively limited time and ma-
terial resources, the data were not of equal quality in all
sectors so that the database used for further analysis was
noticeably reduced in comparison to the initial setup.

The process of data collection required that the ter-
ritory of Serbia was divided into regions (Figure 2) and a
local expert team was formed for each region.

The task of the team was to contact the municipal-
ity expert services, principals or professional services of
the institutions under survey, as well as local experts who
could provide the necessary information. The experts
were also charged with the task of providing the local in-
stitutions or services with the necessary help in complet-
ing the questionnaire.

A dedicated questionnaire was developed for the
needs of the survey. Although the main goal of the pro-
ject was to create a typology of schools and kindergar-
tens, it was decided during the initial phase to simulta-
neously list state-owned public buildings® in order to
use the data further for the establishment of a reference
database of office buildings. As this increased the vol-
ume of the building survey as well as the complexity of
the questionnaire structure, it was divided into several
groups of questions in accordance with the type of the
building to be surveyed.

>> EE Directive 2012/27/EU
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lpadukoH 2. Kapta Cpbuje ca NONUCHUM pervioHnma
dopmmrpaHm 3a NoTpebe NpUKynibakba NofaTaka o WKONCKUM
1 NPefLWKONCKMM 3rpasama

3

4.2 YNIUTHUK

OcHOBHa CTPYKTypa ynuTHKKa je dopmmpaHa Kao
NIMCTa NWTakba OpraHM3oBaHa y TpW He3aBWCHa fena —
HVBOA: VAeja Nonwca je fa ce KPo3 PasnmnymuTe HUBOE 1
06VIM NMPUKyNsbarba NofaTtaka v13BpLUK, Npe CBera, nieH-
TUdMKaLMja jaBHMX 3rpaja, MOTOM HUXOBO OCHOBHO MO-
NUCK1Barbe, AOK je 3rpafiama LWKONCKMUX 1 NPefWKONCKMX
yCTaHoBa noceeheHa nocebHa Naxma. [pakTMyHo, ynuT-
HULK Cy Ce YCNOXKHaBanv off HajjeHOCTaBHUjUX y np-
BOM, CBe [J0 BeOMa KOMMeKkcHux y Tpehem Hueoy. Oc-
HOBHe KapaKTepmUCTVKe YNUTHKKA Npema HUBOVIMA CY:

- [pBY HKMBO yNUTHKKa ObyxBaTa HajomwThja NiTakba
¥ 3aMULLBEH je fla Ce OOHOCU Ha CBe 3rpaje jaBHYX
objekata. Kpo3 npBo nutarbe BpLUM ce Knacrdukalimja

Figure 2. The map of Serbia with surveyed regions formed for
the purpose of data collection on school and kindergarten
buildings

4.2 The questionnaire

The basic structure of the questionnaire contained a
list of questions organized in three independent parts,
or levels: through the different levels and scopes of data
collection, the survey was intended to identify public
buildings and list them, while special attention was paid
to school and kindergarten buildings. Practically, the
complexity of questions grew gradually, starting with the
simplest in the first level and proceeding to very com-
plex questions in the third level. The basic characteristics
of the questionnaire by levels were:

- The first level of the questionnaire contained the
most basic questions and it was intended for all
public buildings. The first question classified the



3rpafa y oAHoCy Ha noHyheHe TMnose®® n ogpehyje
noKauuja ycTaHoBe — ONWTKHa rAe ce 3rpafja Hanasu
1 agpeca nHcTUTyUMje. dedurHuiwe ce Takohe 1M3Bop
brHaHCKparba MHCTUTYUMje Byayhn fa mMoxe 6uTK
Ha HVBOY [p»aBe, Ha JIOKaHOM HMBOY, Kao v Aa ce
MHCTUTYLMja drHaHcupa cama. OBaj HMBO YMUTHU-
Ka CafpKu CBera neT nuTarba U MPBEHCTBEHO CITYXM
NAEHTUOUKALMM MHCTUTYLWA, TO jeCT 3rpafa Kojuma
Ce pacnonaxe Ha ofpeheHoj Teputopujn.

[pyrvi HYBO YNUTHMKA CappXu 14 nuTakba U OH je
HamerbeH MOMMCKBarbYy AaAMUHWUCTPATUBHKX 3rpafa,
CBVIX TUMOBA AEUMJUX YCTaHOBA, OCHOBHMX, CPEefHNX
W CheuvjanHux Wwkona. Y agMVHUCTPATVBHE 3rpaje
Cy CBpCTaHe CBe 3rpajie jaBHe HaMeHe Yy [PKaBHOM
UV TOKaNHOM BNACHULITBY, KAO U aAMUHVCTPATUBHE
3rpajie jaBHUX KOMyHanHux npepyseha, ocum 3rpa-
na nonuunje n Bojcke. OBaj HUBO YNUTHKKA je do-
KyCMpaH Ha objeKTe v MonyHaBa ce 3a CBe 3rpafe
nojeavHayHo Oyayhi fa mocToje MHCTUTYUMje Koje
00yxBaTajy BMLIe 3rpaaa OfHOCHO [lenosa 3rpafa.”’
[pyrvi HUBO YNWUTHYIKa je CTPYKTYpUpaH Kpo3 Heko-
nvKo rpynauyja nutarba. Mpsa rpyna nutakba aedu-
HULLe TauaH 1 HeIBOCMUC/IEH MONOXaj 3rpaje, yHoce
ce v nofaum o agpecy, KaTacTapckoj OnLWTUHK, 6pojy
KaTacTapcke napuene, Kao 1 6poj objekTa Ha napie-
nv. [ipyrvi 0eo nuTakba ce OAHOCK Ha HaumH 3udarba
1 kopuwhersa 3rpage, To jecT aa nu je 3rpaja 3uaaHa
ca rpaheBMHCKOM [JO3BOJIOM, fla 1 Noceayje eHep-
reTCKU cepTudUKaT WK je BPLIEH eHepreTcKu npe-
ren. Oefle ce NpoLekbyje 1 Y KakBOM je CTarby Te Aa
NV Cy BPLIEHE HEKE MHTEPBEHLIMjE Ha 3rpaau 1Y KOM
o0bumy. Pagr nnaHvparsa byayhux nHTepseHumja ae-
GUHMLLIE Ce 1 la IV Ce MOMWCaHa 3rpafa Hanasmy He-
KOM CTaTycCy 3awTuTe. [lpyrn A€o yNUTHUKa AeduHN-
e 1 Kaja je 3rpafa carpaheHa, 610 Npeko TauHe
rofinHe rpad-e Unv NoHyHeHnx neproaa usrpagrbe.
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buildings according to the types offered*® and deter-
mined the location of the institution, the municipal-
ity on which it was located, and the address of the
institution. It also established the institution’s source
of funding, which could be at the state or local level,
or self-financed. This level of the questionnaire con-
tained only five questions and it primarily served to
identify the institutions, i.e. their buildings in a cer-
tain territory;

The second level of the questionnaire contained 14
questions and it was intended for the survey of ad-
ministrative buildings, all types of childcare insti-
tutions, as well as primary, secondary and special
schools. The category of administrative buildings
comprised all state- or local government-owned
public buildings and administrative buildings of pub-
lic utility companies, with the exception of the police
and military buildings. This questionnaire level was
focused on buildings and was completed individu-
ally for each building since there were institutions
that had several buildings or parts of buildings.>” The
second level of the questionnaire contained sever-
al groups of questions. The first group established
the exact and unequivocal position of the building;
the address, the cadastral municipality, the number
of the cadastral plot and the number of the build-
ing on the plot were entered here. The second group
of questions referred to the method of construction
and the use of the building, that is, whether it was
built with a building permit, and whether it had an
energy certificate or it had undergone an energy au-
dit. The condition of the building was assessed, as
well as whether it had undergone any interventions,
and if so, to what extent. With regard to planning fu-
ture interventions, it was also determined whether
the building had a protection status. The second part
of the questionnaire also established when the build-

Y 0BOj a3 yNuTHIMKa BPLIEHA je naeHTndMKaLmja 3rpada
y CKNafy ca paHwje HaBeeHUM KnacudrKaLmjama, anm 1 ca
6azom nogatka kojy dopmmpa YHATM. OcHoBHa 1aeja oBako
CTPYKTYPVPaHUX NnogaTaka jecte ia ce oMorynu KacHuje
mehycobHo 0bjentbaBatbe pasnuunTx 6asa nogaTtaka.

> Ha npumep, jejHa NpeawKoncKa ycTaHoBa MOXe Aa MMa 1
Buiwe of 30 BpTrha CMeWwTeHrX y pa3nuunTe 3rpaae

*6 At this stage of the questionnaire, the identification of
buildings was carried out in accordance with the previously

mentioned classifications as well as with the database created

by the UNDP. The main idea of such structured data was to
allow later combination of the various databases

" For example, one childcare institution can have more than
30 kindergartens located in different buildings
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OCHOBHM neproan n3rpafarbe 3a o6je|<Te LIKONCKNX A
3rpafa NPefwKoNCKMX yCTaHOBa Cy:

« npe 1945.
« 1946-1970.
« 1971-1990.

«nocne 1991.

« Tpehn HMBO yNUTHMKA je HajOOUMHMjL Ca YKYMHO 48
MUTarba M NOMyHaBaH je Camo 3a 3rpaje WKona n fje-
unjux yctaHoBa — BpTuha. OBaj A0 YNUTHMKA Kapak-
TepuLe jaCHa Nofesna Ha Tpu Aena Koja ce OfHOCe Ha
APXUTEKTOHCKE KapaKTePUCTVKE 3rpafe, enekrpoe-
HepreTcke CUCTeME 1 MaLIMHCKe chcTemMe na cy 1 nu-
Takba rpynmncaHa Ha Taj HauuH.

[uTarba Y Be3 Ca apXUTEKTOHCKO- MaTepujanHmim

KapakTepUCcTrKama 3rpaa

48

HaKoH rpyne nuTakba Be3aHMX 3a HaumnH Kopuherba
3rpage, a kojuma ce feduHulle KOMMKO Ce BpemeHa
3rpafa KopUCTY TOKOM flaHa, Hefesbe 1w roavHe, npu-
Kyrsbajy ce mofaum O Camoj 3rpafu: KonvKa je noBpLiMHa
3rpage (6pyTo, HeTo, rpejaHa, xnaheHa), a NOToM ce npe-
UM3HO AedUHMLLY KapaKTEPUCTMKE OMOTaua 3rpaje npe-
CyAHe 3a tbeHe eHepreTcke nepdopmMaHce Kpo3 BENKN
6p0j N1Tarba y Be3n ca cnefehrm kapakTeprcTrKama:

+ KOMMaKTHOCT 3rpage
+  CNpaTHOCT 3rpage
- Matepujan dacaaHor 3uaa (Feros KOHCTPYKTUBHM
[ie0, Kao 1 NOCTOjarbe Tepmov3onalnje y CKnomny
dacaaHor 3naa)
< TUN 1 MaTepujan 3aBpluHe obpaae dacage
< TWN NPO30pa, 3aCTyNSbeHOCT NPO30pa Ha dacaan,
mMaTepujan npo3opa

« TN KpoBa (KOC UK paBaH) U Herosa 3aBpliHa
obpapa

.« Kopuiwherse TaBaHCKOT MPOCTOPA M MOCTOjatbe

TepMOK30naLje y KPOBY, OAHOCHO Y MOTKPOBHO)

TaBaHWLN
-+ kopuwherbe NOAPYMCKOT MPOCTOPa 1 NOCTOjaHe

TepMOK30naLuje y CKIOMy TaBaHNLe Ka NOAPYMY.

Y3 yNUTHKK Cy NpunpembeHe rpaduuke weme v cnu-
Ke Koje mpy»Kajy objallrberba 3a MOCTaBfbeHa MUTakba U
TVMe OMOryRyjy HIMXOBO NaKle Tymadyere 3a floKanHe

ing was built, either by the exact year of construction
or by the choice among the offered construction pe-
riods. The basic construction periods for school and
kindergarten buildings were:

< until 1945

- 1946-1970
< 1971-1990
« After 1991;

- Thethird level of the questionnaire with 48 questions
was the most comprehensive, and it was completed
for school and kindergarten buildings only. This part
of the questionnaire was divided into three distinct
parts that referred to the architectonic characteris-
tics of the building, its electric power systems, and
its mechanical systems, with the questions grouped
accordingly.

Questions related to architectonic and material
characteristics of buildings
Following the group of questions on occupants’ ac-
tivities in the building defining the occupancy rates dur-
ing a day, week or year, the data on the building itself
were collected, including its floor area (gross, net, heat-
ed, cooled), followed by precisely defined characteristics
of the building envelope vital for its energy performance.
These were covered by a number of questions referring
to the following:
-+ Building compactness
- Number of floors
+ Facade wall materials (the construction system and
the existence of thermal insulation)
- Facade finishing type and material
+ Window type and material and window-to-wall ratio
-« Roof type (pitched or flat) and cladding
- Attic use and the existence of thermal insulation in
the roof or in the floor construction to the attic
- Basement use and the existence of thermal insula-
tion in the floor construction to the basement.

The questionnaire was accompanied by diagrams
and images that provided explanations for the ques-
tions thus helping local experts with interpretation,
as they professionally did not need to be familiar with
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ekcnepTe Koju MOry OUTV PasmuumnTiX CTpyKa U He Mo-
pajy HY>KHO MO3HaBaTV apPXUTEKTOHCKO-MaTepujanHe Ka-
pakTepuctmke. (MadurkoH 3)

MpadukoH 3. paduuke weme Koje nnycTpyjy moryhe ogrosope
Ha NTakbe O KOMMAKTHOCTI 3rpase

2+ A

1T A

KOMMaKTHa
compact

MpadukoH 4. [paduuke weme Koje nnycTpyjy moryhe ogrosope
Ha MUTarbe O 3aCTYMbEHOCTV NPO30pa Ha dacaan

architectonic and material characteristics of buildings
(Figure 3).

Figure 3. Diagrams illustrating the response choices to the

question on building compactness

nenvMmnuHo pasyhera
partially complex

pasyheHa
complex

Figure 4. Diagrams illustrating the response choices to the
question on window-to-wall ratio

<50%

ObjeKT ca Mano oTeopa

(oTBOPY Ha pacafama Cy OpraHn3oBaHu
NojeANHaYHO 1 3ay3Kmajy marbe of 50%
nospLnHe dacaae)

Low window-to-wall ratio
(single facade openings are distributed
over less than 50% of the facade area)

>50%

ObjekTu ca gocTa 0TBOPa

(oTBOPU Ha pacapama Cy opraH13oBaHm
nojearHayHo 1 3ay3umajy suie of 50%
nosplwunHe dacane)

High window-to-wall ratio
(single facade openings are distributed
over more than 50% of the facade area)

O6jeKkTn ca focTa 0TBOPa

(oTBOpPYM Ha dacapama Cy opraHM30BaHK
Yy BUAY NPO30PCKYX Tpaka 1 3ay3viMajy
BuLe of 50% nospLuvHe dacaae)

High window-to-wall ratio

(facade openings are organized in ribbons
and are distributed over more than 50%
of the facade area)

Takohe, NpeaBuheHo je aa ce y3 NonyrbeHe YNuTHWM-
Ke npunpemmn GoTookyMeHTalwja (Npema yHanpes ae-
GUHMCaHUM NpUHUMAMMa doTorpadmcarba) Koja omo-
ryhaa nposepy nojeanHnx nogaTaka, anu v AeTarmbHujy
naeHTUdMKaumjy sBeher 6poja enemeHata Matepwjanmsa-
unje 3rpage.

Additionally, it was required that photo documenta-
tion (created according to predefined principles) accom-
panied the completed questionnaires in order to check
particular data and ensure detailed identification of a
large number of building elements.
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[Tarba y Be3V Ca eNnekTpoeHepreTCK1M MHCTanaLmjama

Questions related to electrical installations

1N CUCTEMOM OCBET/bEHA
3a oppehuBarbe noctojeher craka o ynoTpebu

eNeKTpUUHe eHeprije, GopMmpaHa Cy NTarba Be3aHa 3a:

+ TOAVWHY NOTPOLLKY ENEKTPUYUHE eHepruje

+  ynotpeby knnma- ypehaja*®

+  ynoTpeby enekTpuyHe eHepruje 3a Npunpemy
CaHWTapHe Tonne Boae

+  ynotpeby enekTpnyHe eHepriuje 3a BELTauYKo
OCBET/bEHE

+  MPOM3BOAY enekTpuyHe eHepruje 13
HOTOHANOHCKMX CUCTeMa.

Kako Halm Npomnmucu o eHepreTckoj edrkacHoCTH
3rpafia npyajy camo TabenapHe nogaTtke o MnoTped-
HOj eHeprvjv 3a NMpuNpemy CaHWTapHe Torne BOAe U
OCBET/bEHE, MPemMa BPCTW 3rpade v HeHOj MOBPLUNHMY,
Ha OCHOBY OBMX MWTarba je moryhe oppeauTn noTteH-
Upjan ceake wkone 3a yHanpehere eHepreTcke edu-
KaCHOCTW KpO3 yHanpeherbe cuctema 3a npunpemy ca-
HWTapHe ToMnme Bofe, Kao 1 Npw kopuwheksy BeluTauykor
OCBET/bEHA.

[Tarba y BE3M Ca TEPMOTEXHUYKMM MHCTanalmjama
CeT nuTarba 13 06MACTV MAWWHCTBA CaAPXKao je He-

KOMWKO rpyna nvTarsa.

- [lpBa rpyna ce ogHocuna Ha 3acTyr/beHOCT MHCTa-
naumja 3a rpejarbe, BeHTUNAUNMjy, KIMmatusaumjy u
npunpemy CTB y 0b6jekTy (LWWKOAN, OAHOCHO 3rpaam
NpeaLIKONCKe MHCTUTYLKje). 3a CBaKy Off HaBeAeHMX
MHCTanauuja noHyhenn cy cnegehu ogroBopu: Lena
3rpafa, Hajgehn aeo 3rpafle, Marbk Ae0 3rpaje, Huje
MHCTaNVCaHoO.

- [pyra rpyna nutartba ofHOCKA Ce Ha MHCTanucaHe
CUCTEME 33 Tpejarbe Y OCHOBHU KOpULWNEHN eHep-
reHT. Takohe, KOPUCHUUW Cy OArOBapanvt v Ha nw-
Takbe KONMMKO CY 3a[JOBOSbHM CBOjVIM FPejaHem.

Mopen cTatucTMyke obpafe ofAroBopa Ha mMoje-
AVHayHa nwTakba, yTBpheHa je u kopenauuja viamehy

*¢ OBaj NopaTak je Ha HMBOY MAEHTUMKaLWje 1 NpoLeHe

KanaumreTa MHCTanMCcaHmx Knma- ypehaja, yKonmko He
NnocToje NpeuUn3Hn nogaum

50

and the lighting system

The status of electricity consumption was deter-
mined upon the questions that included information on:
-+ annual electricity consumption
- use of air conditioning™®
+use of electricity for domestic hot water preparation
- use of electricity for artificial lighting
- photovoltaic power generation systems.

As domestic regulations on energy efficiency of
buildings provide only tabular data on the energy re-
quired for domestic hot water (DHW) preparation and
lighting according to the type of building and its floor
area, the questions can be used to determine the po-
tential for increasing energy performance in each school
through the improvement of the DHW preparation sys-
tem and the use of artificial lighting.

Questions related to HVAC installations
The set of questions on mechanical systems was di-

vided into several groups:

- The first group referred to the distribution of the in-
stallations for heating, ventilation and air condition-
ing (HVAC) and DHW preparation in the building
(school or kindergarten). For each of the installations,
the offered answers were: in the whole building; in
the major part of the building; in the minor part of
the building; or, does not exist.

- The second group referred to the installed heating
systems and the main energy source. There was also
a question on user satisfaction with the quality of
heating.

Besides the statistical analysis of the individual re-
sponses, a correlation was revealed between the type of
the heating system (local heating, centralized heating,
district heating, heat pumps) and the user satisfaction
with the quality of heating (excellent, good, satisfactory,
partially satisfactory, unsatisfactory).

*8 This information serves for identification and capacity
assessment of installed air conditioning units, unless otherwise
specified
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NpVIMerbEHOT CUCTEMA 3a rpejarbe (NOKanHoO rpejarbe,
LIEHTPAHO rpejarbe, AarmbMHCKO rpejarbe, TOMIoTHE Nym-
Me) 1 oLeHe KOPWUCHMKa O KBANWTETY rpejakba NpocTo-
pa (oanuuHo, 106po, 3a0B0baBajyhe, AeNMMMYHO 3a0-
BosbaBajyhe, noue).

Takohe, yTBpheHa je 1 Kopenauwja n3mehy kopuihe-
HOr eHepreHTa (APBO, yrasb, TEYHO rOPUBO, MPUPOAHY
rac, eNekTpnyHa eHepruja) U oLieHe KOPUCHMKA KOMKO
Cy 33[J0BOJbHM 3arpeBarbeM NpocTopa.

4.3 ba3a nogaTaka

CNMYHO Kao M Ko pa3Boja TMNonoruje CTambeHmx
3rpafia, 3a NoTpebde M3pafe TMNONOorMje WKoa v NpeaLl-
KONCKMX YCTaHOBA je HaMEeHCKM pasBujeHa 1 CTPYKTypu-
paHa 6a3a nofataka. OCHOBHa Maeja NpUAKom Gopmm-
patba 6ase jecTe aa byae naka 3a kopuwhetbe, aa omoryhu
630 1 Nako NPEeTPaxKmMBarbe MO CBIM KapaKTepucTMKamMa
3rpafia, anv 1 NPYMEHSBKBA 33 KacHuje kopuwherbe Apy-
TVIM KOPUCHULIMMA, KO ¥ AOMYHaBaH-e HOBMM MoAaLvma
O WKoama 1 Aeumjnum ycTaHoBama/BpTvhnma.

[poBepa NPUKYNIbeHNX NMoAaTaKa

Kako cy ynuTHWK nonyHaBasne ocobe Ha TepeHy Koje,
Hajuewhe, HUCY eflyKOBaHe y 00NacTV apxXMTEKTYpe, Ma-
WWHCTBA WM eNeKTPOTEXHVKE, Kao HKU 00nacTu eHep-
reTcke epUKacHOCTW, MPUMEHOM MPOrPaMCKOr MakeTa
M3BPLUIEHA je NPOBePa YHETUX nofaTtaka. Y CydajeBrma
rie je NpoUeHeHO Aa NoAaUW HACY KOH3WUCTEHTHU WK
oarosapajyhu, BplieHa je JenMMrYHa NpoMeHa HUXoBe
CTPYKTYpe: oapeheHn 6poj yHOCa je HakoH PasnnuumnTLX
BPCTa NpoBepa*’ KOPUroBaH, a Tamo rae Huje brno mMo-
ryhe yTBPAMTY TaYHO YMHEHWYHO CTakbe YHOCK Cy Map-
KVpaHW Tako Aa He yTudy Ha fasba pa3mMatparba. Obum-
HOM aHanM30M LIefIoKYMHOT MaTepujana KOHCTaTOBaHO je
[la penaTvBHO Manv 6poj YNuTHKKA noceayje OAroBope
Ha CBa NWTakba, anv fla UCTOBPEMEHO MPUKYMIbeHN MaTe-
pvijan NpeAcTaB/ba 3HauajaH Pecypc Koju Npy»a A0BOb-
HO MofaTaka 3a [la/by aHanu3y.

** TpoBepa je BpLIEHa Ha OCHOBY PACMONOXNBYX NofdaTaka Ao
KOjux ce Morno AoNW, HajBUILLE CajTOBa CammX LIKOMCKMX UK
NPEALKONCKUX YCTaHOBA, MOfaTaka JIoKaHMUX Camoyrnpasa,
MwuHUCTapCTBa NpocBeTe 1 CIl.

In addition, a correlation was established between
the main energy source (wood, coal, liquid fuel, natural
gas, electricity) and the user satisfaction with the heating
quality.

4.3 The database

As in the creation of the typology of residential build-
ings, a purpose-built and structured database was devel-
oped for the needs of the typology of school and kin-
dergarten buildings. The key idea behind the formation
of the database was that it should be user-friendly and
enable quick and easy search across all building charac-
teristics. In addition, it should also allow further applica-
tions by other users as well as updating information on
schools and kindergartens.

Validation of collected data

Since the questionnaire was completed on-site by
the persons who, in most cases, had no previous train-
ing in architecture, mechanical or electrical engineering,
or energy efficiency, the entered data were checked us-
ing the software package. In cases where the data were
considered inconsistent or inappropriate, their structure
was partially changed: a number of entries were correct-
ed following various checks,>® and when it was impos-
sible to establish the facts, the entries were marked in
such a way that they did not affect further consideration.
A comprehensive analysis of the entire material revealed
that a relatively small number of questionnaires had all
questions answered; however, the collected material still
represented a significant resource that provided suffi-
cient data for further analysis.

> The validation was made upon the available data, mostly on
the websites of school and childcare institutions or from the
local self-governments, Ministry of Education, etc.

w
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Knactep aHanmsa
AHanvsa 6a3e nopaataka 36or opabupa pedepeHT-

HVX 3rpaja, NpemMa yHanpen aeduHUCaHUM napameTpu-
Ma Knacudukaumje, cnpoBefeHa je kopuwherem CTa-
TUCTUYKOT NpUHUMNA KnacTep aHanmse. OBa TexHuka je
HeoMnxofHa Kako bu ce y OKBMPY LENOKynHe 6aze 13-
[BOjM1NIe XOMOTeHe rpynaunje Koje kapakTtepully CanyHe
0CObVMHe Ca acnekTa MaTepujanHo-TEXHUYKMX nepdop-
MaHcw. Y paay je kopuiwhera K-MEHA KITACTEP AHAJIN-
3A Koja je Kao reHepaTMBHe KOPWCTMMA, MPBEHCTBEHO,
napameTpe Be3aHe 3a CTapoCT, BONYMETPHjy 1 MaTepuja-
nm3aumjy dacage. Octany napameTpu MAeHTUOUKOBaHM
y Monucy cy NpeacTaB/bann KOHTPOMHE BPeAHOCT U
MManu Cy 3Hayaj kof Beher cteneHa CMYHOCTY TUMOBA
1 Tako omoryhunu pasagajarbe 1 geduHmcare NoaTUmno-
Ba. Kao pe3syntaT oBOr mpoleca, 3a nojearHe nepvioge
Ce jaBSbajy JeANHCTBEHW MPeACTaBHULM, AOK Ce KO ApY-
rX Nojassbyjy U MOATUMOBM Ca AENVMMYHO Pa3INYUTVM
KapaKTepuCTMKama.

L KnacTep aHanvse je aa CBe 3rpafe 13 y30pkKa,
Koje mpunagajy ogpeheHom Tuny 1 nepuomy rpagre,
Oyny pa3BpcTaHe Npema yHanpen aedvHucaHom 6pojy
rpyna, a'y 3aBMCHOCTW Of YKynHOr y30pKa. C 0631pom Ha
TO [1a je Y ynuTHUKY 61no Buwe of 70 NuTarba, Kao aeTep-
MUHMLWYNA Yy OKBMPY CTApOCHe rpyne 1 ypOaHUCTUYKOD
TVNa Cy oaabpaHa NuTarba Be3aHa 3a KOMMAKTHOCT 3rpa-
Ae, rbeHy OpyTo MOBPLMHY, CMPATHOCT, MaTepujan of
KOra je 3upaHa 3rpafa, TMn KpoBa, MPo30pa, NOCTojarbe
TEePMOM30aLUMOHOT Coja 1 CIIMYHO.

To, NpakTWUYHO, 3Hau Aa je y OKBMPY jeAHOr Nepmnoaa
rpaaree 1 3a jeflaH ypObaHUCTUUKM TUN AePUHUCAHO MakK-
CUManHO NeT rpyna 3rpafa koje 6u Tpebano fa éyay -
nWYHe npemMa ocTanum napametpuma. Of MaeHTUOUKo-
BaHMX rpynauuja ce cMatpa Aa je HajTUNmnyHmnja oHa Koja
je Haj3acTyrn/beHurja y CaMoM Y30PKy. Y OBakBOj METOAO-
nornju 6w Tpedano 6utk NocebHo 0ba3puB Kaga Cy ABa
KnacTepa (CKyna 3rpajga) NoajefHake BennumHe 1 Taga je
HeOMXOAHO y3eTn y 0631p 1 OCTane CKynose 3rpaga Ao-
6ujeHe 3a Taj nepuoa.

Cluster analysis
The principle of cluster analysis was applied on the

database in order to select the reference buildings ac-
cording to the predefined classification parameters. This
statistical tool was necessary for the formation of homo-
geneous groups within the entire database, the mem-
bers of which had similar characteristics in terms of ma-
terial and technical performance. K-means clustering
was applied in this research, in which the parameters
related to age, volumetry and materialization of the fa-
cade were primarily used as generative. The other pa-
rameters identified in the survey served as control values
and they were important in order to extract and define
the subtypes when the types showed a greater degree
of similarity. As a result, specific periods had single repre-
sentatives, while subtypes with relatively distinct charac-
teristics also occurred in others.

The objective of the cluster analysis was that all the
buildings from the sample belonging to a particular type
and period of construction were classified according to
a predetermined number of groups, relative to the total
sample. As the questionnaire contained more than sev-
enty items, the questions regarding the compactness of
the building, its gross floor area, the number of floor, the
building material, the roof and the window type, the ex-
istence of a thermal insulation layer and similar were se-
lected as determinants within the period group and ur-
banistic type.

This meant that for each period of construction and
urbanistic type, there were maximum five groups of
buildings defined as typical according to the other pa-
rameters. The most typical among the identified groups
was considered the one most broadly distributed across
the sample. This methodology warranted special atten-
tion in cases when two clusters (building sets) were of
equal size; it was then necessary to take into account
other building sets obtained for the given period.
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4.4 Opabvip TUNUYHKX 3rpaga

Ha ocHoBy fobuvjeHrx pesynTaTa Knactep aHanmse
BPLUEHO je NpeTpaxmBatbe 6ase noaaTaka 3apaj NpoHa-
naxerba objekaTa Koju Hajsulle OAroBapajy MOAENCKAM
KapakTepucTVkama. Y nosbMma rae NocToju jacHO 13pa-
XKEeH jefiaH OMnMC TUMNCKMX KapakTepUCTMKa, U3BPLUEH je
ofabup jegHor Tvna 3rpajge. Y nosblmMa rae cy paBHOM-
PaBHO 3aCTyn/beHa ABa onuca (kapakTepuctuke), a cTa-
TUCTUYKI U TEXKMHCKM Ce He MOXe M3ABOjUTU AOMUHAHT-
HV TWM, BMPaH je TUMN 1 NOATUN 3rpafe.

MnycTpauuja OCHOBHWX reHepaTVBHMX MapameTapa
KopuwheHnx y npoLecy Knactep aHanvse, To JeCT hUXo-
BUX MAEHTUOUKOBAHWX BPEAHOCTY, 3a WIKOMCKe 3rpaje je
npvkasaHay Tabenw 11, a 3a 3rpafie NPeALKONCKMX yCTa-
HoBa y Tabenu 12.

Tabena 11. Onucy MOAENCKMX WKONCKMX 3rpaaa

4.4 The selection of building types

Based on the cluster analysis results, the database
was searched for the buildings that were best matched
on the model characteristics. In the fields with a single
clearly defined description of the type characteristics, a
single building type was selected. In the fields in which
two descriptions (characteristics) were equally distribut-
ed and the dominant type was statistically or computa-
tionally indistinguishable, the building type and subtype
were selected.

The illustrations of the basic clustering parameters or
their identified values are shown in Table 11 for school
buildings and in Table 12 for kindergarten buildings.

Table 11.The descriptions of the model school buildings

6pyTO passujeHa nospLuvHa (bIM)
gross floor area

Before 1945

TMN KpoBa roof type

Koc KpoB pitched roof

compact / partially complex
Koc KpoB pitched roof

Meprop MapameTpy aHanuse 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 | Tun / noatun type / subtype
B gross floor area 235 m? 810m?/ 1310 m? 2890 m?/ 3185 m?
cnpatHocT floors GF M/ MN+1 GF / GF+1 M+1 /142 GF+1/ GF+2
[o 1945. KOMMaKTHOCT compactness KOMMaKTHa compact KomnakTHa / Aen. pasyheHa nen. pasyheHa / pasyheHa

partially complex / complex
Koc KpoB pitched roof

1N KpoBa roof type

MaTepujan dacagHor 3uaa facade

Koc KpoB pitched roof

oneka brick

Koc KpoB pitched roof

oneka brick

MaTepujan dacagHor 3uga facade | oneka brick oneka brick oneka brick
BIM gross floor area 145 m? 1160 m? 3010 m?
cnpatHocT floors M GF M+1 GF+1 M+2 GF+2
1946-1970.
1946-1970 | KOMNaKTHOCT compactness KOMnNakTHa compact KOMnMakTHa compact pasyheHa complex

Koc KpoB pitched roof
onexka brick
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TMN KpoBa roof type

MaTepujan dpacagHor 3uga facade

Koc kpoB pitched roof

6nok clay block

Koc kpoB pitched roof

6nok nnm oneka clay block
or brick

BIM gross floor area 255m? 1610 m? 2660 m?/ 5045 m?
cnpatHocT floors NGk M+1 GF+1 M+1 /142 GF+1/ GF+2

1971-1990.

19711990 | KOMMAKTHOCT compactness KOMMaKTHa compact KOMMaKTHa nnv pasyheHa pa3syheHa / nen. pasyheHa

compact or complex complex / partially complex

TMN KpoBa roof type Koc kpoB pitched roof Koc kpoB pitched roof Koc kpoB pitched roof
matepujan GacagHor 3uaa facade | oneka brick oneka brick oneka / 6eToH brick / concrete
BI1 gross floor area 230 m? 995 m? 6200 m?
cnpatHocT floors MGk M+1 GF+1 M+2 GF+2

Mocne 1991. | KOMNAKTHOCT compactness KoMMaKTHa 1unn pasyhexa KOMMaKTHa compact pasyheHa complex

After 1991 compact or complex

KOMOVHOBaHM KpoB
combined roof

610k nnm 6eToH clay block or
concrete

Tabena 12. OnrcK MOAENCKIX 3rpafa NPeaWwKoNCKMX 3rpaja

Table 12. The description of the model kindergarten buildings

6pyTO passujeHa nospumHa (br)
gross floor area

Before 1945

TMN KpoBa roof type

Koc KpoB pitched roof

Koc kpoB pitched roof

Mepwon Mapamerpy ananvse Marbe o7 500 m? o500 10 2000 m? sehe o 2000 m?
Period Analysis parameters smaller than 500 m? from 500 to 2000 m? larger than 2000 m?
mn/nogtmn type /subtype
Bl gross floor area 235 m? 725 m?
cnpatHocT floors MnGF M/MN+1 GF / GF+1
[lo 1945. KOMMAKTHOCT compactness KOMMaKTHa compact KOMMaKTHa compact

maTepujan dpacagHor 3uga facade | oneka brick oneka brick
BIM gross floor area 460 m? 720 m?/ 1450 m?
cnpatHocT floors MnGF /041 GF/ GF+1
1946-1970.
1946-1970 | KOMNaKTHOCT compactness aenumuHo pasyhera KoMnakTHa / fien. pasyheHa
partially complex compact / partially complex
TMN Kposa roof type Koc kpoB pitched roof KOC KpoB / Aen. paBaH
pitched roof / partially flat
maTtepujan dpacagHor 3uaa facade | oneka brick oneka / 6nok brick / clay block
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BIM gross floor area 285 m? 1450 m? 2700 m?
cnpatHocT floors M GF M+1 GF+1 M+1 GF+1
1971-1990.
1971-1990 | KOMNaKTHOCT compactness KoMnakTHa / fien. pasyheHa KOMnaKTHa unn pasyhexa pasyheHa / fen. pasyheHa
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 3uaa facade oneka brick oneka / 6eToH brick / concrete
oneka brick
Bl gross floor area 1500 m? 2450 m?
cnpaTHocT floors M+1 GF+1 M+2 GF+2
Mocne 1991. | KOMMAKTHOCT compactness KoMMaKTHa / aen. pasyheHa pasyheHa complex
After 1991 compact / partially complex
VN KpoBa roof type KoC KpoB pitched roof KOMOMHOBaHM KPOB
combined roof
MaTepujan dacanHor 3uaa facade 610K Ny oneka clay block 610k 1nu 6eToH clay block or
or brick concrete

Opabup peanHux penpeseHata MOAENCKMUX KapaKTe-
PUCTMKA je BpLWeEH MPeTparom pacronoXmBmMx nopata-
Ka obpaheHux y 633w, y3 naeHtudukaumjy seher 6poja
noTeHUMjanHmx ,KaHanaaTa” 3a CBakn MOAencku obje-
KaT. MIckycTBO npunmkom r3page HauvoHanHe Tvnono-
rvje cTambeHunx 3rpada je ynyTuno UCTPaKMBauKM TUM
Ha noTpeby 3a BULLECTPYKMM M36OPOM ycnes npobne-
Ma KOjW HacTajy AeTas/bHOM MPOBEPOM KapaKTepuCTMKa
Ha TepeHy. Beoma yecTo, peanHu nogaumn He oarosapajy
Y NOTNYHOCTW OHUM Ha3HaYEHUM Y NOMUCHUM GOopMyna-
pYIMa UK je BeoMa TelKo Aohn Jo apyrux nHdopmaumja
HEOMXOAHVX 33 NPOPAYYH EHEPTeTCKMX KapaKTEPUCTKA,
npe CBera NpojekTHe AoKyMeHTauuje.

MpBOOUTHIM 0AABVP je YKIbyunBao NeT Ao feceT obje-
KaTa 3a CBaKO Mosbe (YKONMKO je 6asa caaprkaBana Takse
nHdopmaumje). 3a nojeanHe NosmUMje BPLIEHO je AoaaT-
HO MCTpaxuBarbe 300r naeHTUdMKalmje objekata, np-
BEHCTBEHO yCfle HeJOBO/bHO OOYXBATHOT y30pKa WK
HenocTojarba oArosapajyhux nogataka. Ha osaj HauvH je
JonyraBaHa opurHanHa 6asa.

MpuKa3 GuHaNM3oBaHe MaTpuUUe peanHux penpe-
3eHaTa MOJENCKMX KapaKTepUCTuKa (TUMOBA) WKOMCKMUX
3rpaga je gaty Tabenn 13, 4ok Cy 3rpafe NpeaLKONCKmx
yCTaHoBa fate y Tabenu 14.

The real representatives of model characteristics
were selected by searching the available data processed
in the database, along with the identification of a con-
siderable number of potential entries for each model
building. The experience gained in the work on the Na-
tional Typology of Residential Buildings encouraged the
research team to have multiple choices due to the prob-
lems arising from a detailed check of the characteristics
on site. Very often, the actual data did not correspond
entirely to those indicated in the survey forms or it was
very difficult to obtain other information, primarily de-
sign documentation, required for the calculation of en-
ergy performance.

The initial selection included five to ten buildings for
each field (if the database contained such information).
For some positions, additional research was carried out
aimed at identifying the buildings, primarily due to an
insufficiently large sample or unavailability of adequate
data; this helped to update the original database.

The finalized matrices of the real representatives of
model characteristics (types) of school and kindergarten
buildings are given in Tables 13 and 14, respectively.
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Tabena 13. Tvnonouwka MaTpu1ua oaabpaHunx penpeseHata Table 13.The typological matrix of the selected representative
LUKOJICKIX 3rpaja school buildings

Mepuon Mane wkone (go 500 m?) [Lkone cpeprbe BermuvHe (500-2000 m?) | Benuke wkone (Behe og 2000 m?)
Period Small schools (smaller then 500 m?) Medium sized schools (500-2000 m?) | Large schools (larger than 2000 m?)

no 1945,
before 1945

1946-1970.
1946-1970

1971-1990.
1971-1990

nocne 1991.
after 1991

56
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Tabena 14. Tunonouwka Matpuua ofabpaHnx penpeseHata Table 14.The typological matrix of the selected representative
3rpaja NPeaLKONCKMX yCTaHoBa kindergarten buildings

Mepuon Mane (no 500 m?) Cpegrbe (500-2000 m?) Benuke (sehe on 2000 m?)
Period Small (smaller then 500 m?) Medium (500-2000 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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TexHryka JoKymeHTalmja

[Mpvikym/bakbe TeXHWUKe AOKyMeHTaumje npencTa-
B/bao je cnefehu Kopak y pagy Ha yTBphuBatby eHepreT-
CKMX KapaKTepuCT1Ka NocTojennx 3rpaaa, To jecT npode-
HW MOryRHOCTU yHanpeheksa. YCTaHOBe Koje ce Hafaze y
aHanv3MpaHnM 3rpafiaMa cy y Hajgehoj Mepw nokasane
13y3€eTHY KOOMEePATVBHOCT Y fasbem Pafly NpyKajynn nH-
bopmauje HeonxoaHe 3a cnposoherbe oarosapajyhiix
npopadyHa. Ha »anoct, koa Beher 6poja 3rpafia Huje
6vno moryhe aohn 10 NpojeKTHe (TeXHWYKe) AOKyMeH-
Taumje WK je aHanu3oMm npubassbeHe [OKyMeHTaLuje
yTBpHeHo fla objeKkaT OACTyNa Of KapaKTepUCTUKA MO-
[encKnx 3rpaga W fja ce He MOXe KOPWUCTUTU Y Aasbem
paay. Y Tom cnydajy TpaxkeHe Cy antepHatuse, Hajuelwhe
Kpo3 naeHTndMKaumjy HOBYX penpeseHaTa 1 YnMTaB noc-
Tynak je moHaB/baH. Y cyyajeBnmMa Kada v nopef no-
HOBSbEHOT MOCTYMKa 1 naeHTUdMKaLmje anTepHaT1Ba 1
[arbe Huje bunno Moryhe gohn o NpojekTHe AOKyMeHTa-
Lpje, NPUCTYNano ce CH1UMarby 3rpafja Ha TepeHy.

YBUAOM Y MPUKYI/bEHY TeXHWUYKY OOKYMEHTauujy v
nopehersem ca CTakem 3rpafe Ha TepeHy KOHCTAaTOBaHO
je fia BeoMa YecTo NoCToje OACTYNarba Of OPUrMHANHON
npojekta. OBa MojaBa je HapOUWTO M3paxkeHa Kop CTa-
pujrx 0bjeKaTa, KOf KOjux Cy MPBOBUTHO M3BEAEHN PaBHM
KPOBOBMW KOjW Cy BpeMeHOM Noyesnn Aa NPoKMLLHbaBajy. Y
OBMM CJlydyajeBMMa Cy BEOMA YecTo 3rpajge Hagorpahe-
He, YUMMe je CaHMPaH KPOB, anu UCTOBPEMEHO 1 AobujeH
HOBW KOpWCTaH MpocTop. [lpnmeTHa je 1 nojaBa [oO-
rpahvBarba 3rpafa ycnen ynotnyrasakba GyHKLUMOHAN-
HWX acrnekaTta (CaHUTaPHM YBOPOBY, KyxMbe, cane 3a Gu-
314KO) Kao v noseharba Kanaumteta. C 0631Mpom Ha To Aa
je ynuTHMK 0ByxBaTao 1 Lieo HWU3 NiTarba Be3aH 3a CTake
3rpafie 1 cnpoBefieHe MHTepBeHLMje Ha UM, MPUMET-
HO je la ce Kao Hajuellha MHTEpPBEHLMja jaB/ba 3amMeHa
npo3opa. HajyobuyajeHnja MHTEpBEHUMja NoOAPa3yMe-
Ba Aa Cy CTapv [ApBeHV Npo3opu 1an LpHa bpasapuja
3aMerbeH MNACTUYHUM MPO30pKMMa Ca M30MauMOHUM
[ABOCTPYKMM CTaKMOMaKkeToM. Ha »anocT, Takev Mpo30pw,
no NPaBuWAY, He OAroBapajy TPeHyTHO Baxehoj peryna-
TVBK, Na Ce y CNydajy 0bHOBe 3rpafa npeasnha HixoBa
3aMeHa Npo3opyrMa Koju 1CMyrbaBajy NponvcaHe ycno-
Be 3a 3rpajie Koje ce 0bHaBsbajy (MakCHMaNHO O3BObEH
KoedumUWjeHT Nponasa TonnoTe nposopa U=1,5 W/m?K).

Design documentation

Collecting design documentation was the next step
in determining the energy characteristics of the existing
buildings, and assessing the possibilities for improve-
ment. Most institutions occupying the analyzed build-
ings showed exceptional cooperation by providing the
information necessary for the calculations. Unfortunate-
ly, the design (technical) documentation was unavailable
for a considerable number of buildings, or it was discov-
ered in the analysis of the available documentation that
the building deviated from the model building charac-
teristics and could not be used in further work. In this
case, usually the alternative representatives were iden-
tified and the entire procedure was repeated. If it was
again impossible to provide design documentation, the
buildings were photographed on site.

By inspecting the collected documentation of a
building and comparing it with the on-site situation, it
was often concluded that there were deviations from the
original design. This was especially true for older build-
ings with originally flat roofs, damaged over time by wa-
ter infiltration. In such cases, the buildings were often
upgraded, thus rehabilitating the roof and gaining some
usable space at the same time. There was also a noticea-
ble occurrence of building upgrades aimed at enhancing
functionality (sanitary facilities, kitchens, gymnasiums,
etc.) and increasing the capacities. As the questionnaire
also included a whole range of items related to the con-
dition of the building and its subsequent interventions,
it was noticed that the replacement of windows was the
most frequent intervention. Usually, the old wooden or
metal windows were replaced with PVC insulating glass
units. Unfortunately, such windows usually do not com-
ply with the current regulations so that in the case of ren-
ovation they should be replaced with units that meet the
necessary conditions for renovated buildings (the max-
imum allowed heat transfer coefficient for windows is
currently U=1.5 W/m?K) .
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4.5 MpopavyH eHepreTcKnx neppopmaHcu n geduHu-
catbe MeTofosoruje yHanpehera

3a cBe ofabpaHe peanHe penpeseHTe MOAENCKMX
3rpafa, Ha OCHOBY TEXHMUKe JOKYMeHTauuje, ypaheHu cy
enabopatu eHepreTcke eprkacHOCTU. 360r 6osber carne-
faBakba NepdopmMaHck noctojeher ctakba U MoryRHOCTM
yHanpeherba, enabopatn cy paheHu y neT Bepsuja:

« [pojekToBaHO CTarbe MoApasymeBa 3rpage y np-
BOOUTHO MPOJEKTOBAHOM CTakby, 6€3 3aTeyeHnx UH-
TepBeHLMja Ha BOMYMEHY WU enemMeHTMMa OMOTa-
ua 3rpage, WTO 3Haun Aa u ako cy y mehyspemeHy
3aMerbeH Mpo30opK, NMpY NpopadyHy cy kopuwhe-
HV OpUTMHaNHK. Y 0BOj ¢a3n eHepreTcke nepdop-
MaHce Cy padyHaTe 3a noctojehu (3aTeueHu) cuc-
TeM rpejarba 1 CUCTeM OCBET/beba, Koju Cy Hajuelwhe
NPOMEHEHM Y OIHOCY Ha OPUMMHAMHO MPOjeKTOBa-
HO CTakbe (HapOoUMTO Kof CTapujux objekara).

+ 3aTeuyeHO CTakbe Koje YK/byuyje peann3oBaHe UHTep-
BeHLVje Koje Cy, y rpaheBMHCKOM CcMUCHy, Hajuelwhe
obyxBaTune 3ameHy Mpo3opa W MOHerae KPOBHOM
NOKPMBaYa, Kao M eBEHTYanHy [Orpary [OAaTHYIX
M HaKHAHY aKTMBaUMjy HerpejaHux npoctopa (Haj-
vewhe noapyma).

«  YHanpebeme 1 Koje je y cknagy ca Bakehum nponu-
CKIMa, KOjVIM Ce OCTBapyje NobOosblake eHEPreTCKor
pa3pefda 3rpafe 3a jefaH HWBO. Hajuewhe ce oBak-
BO nobosblarbe NocTuke Beh NOCTaB/barbeM KBa-
nUTETHKX (KoedUUMjeHT nponasa TonaoTe MpPo3o-
pa U=1,4 W/m?’K) n nobpo yrpaheHrx nposopa Koju
CMarbyjy npofyBaBake (yHanpehere knace 3antu-
BEHOCTM NpW NpopadyHy Ha Aobpy). Y cnyyajy aa 3a-
MeHa Npo30opa Huje aana »kerbeHe edekTe, y Nobosb-
Warby eHepreTcKor paspefa MHTepBeHWCcano ce Ha
APYTVIM, NaKo JOCTYMHMM efleMeHTMa OMOTaua, npe
CBera Ha M3onaumju mehycnpaTtHe KOHCTPYKUMjE Ka
HEerpejaHoOM TaBaHy, a 3aTUM 1 Ha M3onaunjv dacaa-
HWX 31/10BA.

«  YHanpehere 2, kojum ce npensuha nHTepBeHLvja Ha
CBVIM efleMEHTMMa OMOTaua 3rpajie Kako b1 ce yckna-
AWV Ca NojearHaYHKM 3axTeBrMa 3a nosviuuje Tep-
MWYKOT OMOTaua 3rpafia Koje ce obHaB/bajy (BMaeTH
Tabeny 6). ViHTepBeHUMje yrnaBHOM NofpasymMeBajy

4.5 Energy performance calculations and the defini-
tion of improvement methodology

For all selected real representatives of model build-
ings, studies of energy efficiency were conducted upon
the design documentation. In order to provide a better
overview of the current performance and the potential
for improvement, the studies were made in five versions:
« Design condition implies the original design condi-

tion of the building without any subsequent inter-
ventions on the volume or the elements of the build-
ing envelope; this means that if the windows have
been replaced in the meantime, the original condi-
tion is used in the calculations. At this stage, ener-
gy performance is calculated for the existing heat-
ing and lighting systems, which usually differ from
the originally designed condition (especially in older
buildings).

«  Current condition includes the subsequent structur-
al interventions, usually the replacement of windows
and sometimes of the roofing, as well as possible up-
grades by extension or activation of unheated spac-
es (usually the basement).

« Improvement 1 complies with the current regula-
tions and improves the energy class of the build-
ing for one level. Most often, this improvement is
achieved solely by window replacement with units
that are of good quality (with the heat transfer coef-
ficient of U=1.4 W/m?’K) and installed well in order to
reduce air infiltration (improving the calculated air-
tightness class to good). In the event that the window
replacement does not produce the desired effects in
improving the energy class, interventions are under-
taken on other, easily accessible elements of the en-
velope, primarily by insulating the floor to the un-
heated attic and then by insulating the facade walls.

« Improvement 2 proposes the intervention on all el-
ements of the building envelope in order to meet
the individual requirements for the positions of the
thermal envelope for the buildings under renova-
tion (see Table 6). The interventions mainly involve
the addition of thermal insulation layers, but also en-
tail an extensive reconstruction of the positions with
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[OAaBarbe CflojeBa TepMousonaunje, anu 1 Temesb-
HY PEKOHCTPYKLM]Y MO3uLWMja y3 npeasuheHy 3ameHy
CBUX AOTPAjaNINX KOMMOHEHTW (DEKOHCTPYKLMja PaB-
HUX 1 KOCKX KPOBOBA Y3 3aMeHy C/10jeBa XaPOn30-
naumje 1 KpOBHOT MOKPMBaya).

+  YHanpehetbe 3, koje MoApasymeBa BUCOK HMBO
yHanpeherba enemeHaTta TepMMUYKOr OmMOTaya 3rpa-
Ae. OBvM HBOOM yHanpeherba ce npefsrhajy mepe
Koje ce Mory cmaTpaTi MakCUManHuMm, a y cknagy
Cy Ca TPeHyTHMM MoryhHOCTMMa Mpakce (OocTyn-
HV MaTepujany 1 TeXHONOrMje) 1 EKOHOMCKIMM YCIO-
BMMa Ha Hawem TpxuwTy. OBaj HMBO yKasyje Ha MO-
ryhe fomeTe ywTefe eHeprvje U cMarerbe emucuje
YIIbeH- JMoKcuaa.

CBe MHTepBEHLVje Ha TEPMUYKOM OMOTauy, Koje ae-
dvHMCaHa yHanpehersa MnoapasymeBajy, WyCcTpoBa-
He Cy Kpo3 Ckuue Mnosvuvja ca CBMM KapakTepmucTuy-
HUM CojeBMMa Yy NMocTojehem CTakby 1 KPO3 TpW HMBOA
yHanpehera (MnycTpaumnje npunkasane y Krmsn 2 1 3, 3a
CBaKW penpeseHT T1na). OBe niycTpauumje 1 onnce Koje
ux npate Tpeba NOCMaTPATN Kao TUMNCKM ONUC MHTEPBEH-
umnje, OK Ce TeXHMYKe U MaTepujanHe cneumduyHoCTM
KOje HacTajy y npakcu mopajy obpahreaTti Ha KOHKpET-
HOM cryyajy. To Cce HapouMTO OAHOCK Ha ClojeBe Mojaa
NP PEKOHCTPYKLUMjU MeDyCNpaTHKX KOHCTPYKLUM]a 1 No-
[0Ba Ha Ty, NOWTO ofjabunp maTepwjana y BEVKOj Mepu
YCNOB/baBa ¥ CojeBe NOANOre; TO je Crydaj 1 Cca ofabu-
POM KPOBHOI MOKPMBaYa Ko KOCWX U X1MAPOM30NaLmo-
HOr MaTepwujana 1 GUHaNHOr CNoja Ko PaBHUX KPOBOBA,
a O[JHOCK Ce 1 Ha MOCTOjakbe CojeBa CTapor Mantepa npe
NOCTaBbakba TEPMOM30NaLMOHOT Coja (y cnydajy aa jey
[0BPOM CTakby 1 HUje NOTPeOHO HEroBO YKNatbahse).

CneunduuHoCT y nornedy TpeTMaHa 3rpaja Koje
YXMBajJy ofpeheHn CTemeH 3aWTUTe Kao KyNTypHOMC-
TOPWJCKM CMIOMEHNLM, YBaXKeHe Cy Tako [a je npep-
BYDEHO noCTaB/batbe TEPMOM3OMaUMHOr  Cloja  Ca
YHYTpallkee CTPaHe 31aa, WTO je onuuja Koja Takohe 3a-
BMCM Off KOHKPETHOT CAyYaja M NPOCTOPHUX MOTYRAHOCTY.
TpeTmaH dacada ca 3aBpLHUM cnojem dacaHe oneke
i GETOHCKKX NaHena Takohe npencTasba npobnem
KOMe, NMpw PeKOHCTPYKUMjK, Tpeba NpuUcTynnTV ca no-
CeOHOM NaXHOM, Kako ce He 61 M3rybro apXUTEKTOHCKN

the replacement of all the deteriorated components
(the reconstruction of the flat and pitched roofs with
the replacement of waterproofing layers and roof
cladding).

« Improvement 3 implies a high level of improving the
elements of the thermal envelope. It proposes the
maximum improvement measures that are in line
with current practice (with available materials and
technologies) and economic conditions in our mar-
ket. This level indicates the potential range of energy
savings and reductions in carbon dioxide emissions.

All interventions on the thermal envelope proposed
by the improvements were illustrated at the positions
with all the characteristic layers, for the current condition
and for the three levels of improvement (the illustrations
are shown in Books 2 and 3, for each type representa-
tive). The illustrations and the accompanying descrip-
tions should be regarded as a standard intervention pro-
posal, while the technical and material specificities that
arise in practice need to be addressed in each particular
case. This is especially true for floor layers in the floor re-
construction, since the choice of material is largely con-
ditioned by the subfloor layers; it is also the case with the
selection of pitched roof cladding and flat roof water-
proofing materials and cladding; another consideration
before installing the insulation layer could be the exist-
ence of layers of old mortar (in case it is in good condi-
tion it does not need to be removed).

The specific requirements regarding the treatment of
buildings with a certain degree of protection as cultural
and historical monuments were respected in the sense
that the installation of a thermal insulation layer was
planned on the interior wall, taking into consideration
the particular case and the spatial possibilities. The treat-
ment of facade brick or concrete panel finishes also poses
a problem to be addressed with special care during the
reconstruction so as not to lose the architectural expres-
sion achieved by the choice of the finishing materials.
Technological procedures were planned to preserve the
original architectural expression, which include installing
the insulation material on the external wall. Although
they significantly affect the cost of the intervention,
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13pa3 NOCTUrHYT M300POM 3aBPLIHOT MaTepujana Ha da-
caau. MpeasvheHr cy TeXHOMOWKM NOCTYNUM KOjUMa ce
UyBa OPUIVHaNHM apXMTEKTOHCKM ©3pas3, a NpuMerbyjy
ce y3 NnocCTaB/bakbe 130M1alMOHOr MaTepurjana ca Crosb-
He cTpaHe. lako 3HaTHO yTUUy Ha LieHy VMHTepBeHLuMje,
OHW BUTHO He NoborblaBajy eHepreTcke NephopmaHce
HUTK YUY Ha NpopadyHe. Takohe, peKoHCTpyKUMje no-
[l0Ba Ha Ty, AOAaBarbe TePMOKM30MaLIMOHOr MaTepwjana,
M3NCKYjy Beoma 0bUMHe foflaTHe pafoBe (PEeKOHCTPYK-
UmMja YHYTpalWHWX BpaTa, MpejHUX Tena v MHCTanauwja,
KopeKLUWja BMCUHa CTeNeHMLWTa 1 Harmba pamnm) Tako fa
He NpeacTaB/bajy yBek peanHe onumje npu obHosn. Cee
KOMMMIEKCHE Mepe 1 PafoBM Ha PEKOHCTPYKLUMK KOojK
JonpuHoce Nobosbluakby eHepreTcke eprkacHOCTU Ta-
Kohe [oBoAe [0 3HaYajHUX eHepreTCKMxX ywTeda 1 pas-
MaTpajy ce y mctpaxmBarouma (hykosuh Krrbatosuh,
Nrisatosumh, CraHkosuh, 2016; Virrbatosuh, JosaHoswh
Monosuh, KaspaH, 2015) anv Hrje 61no moryhe yKroyuu-
TV X Yy OBAKO OOVIMHY TUMOMOTUjy.

CBe oBe CneuMGUUHOCTM MOy BEOMa YTMLATK Ha
MHBECTULIMOHY BPEAHOCT Mepe ObHOBe, anv MOLITO 3a
NPOUEHY TEPMUUKMX KapaKTepWCTMKa CKIOMa HakKoH
yHanpehersa NpecyaHy ynory nma aebsbrHa TepmMoun3o-
NaLMOHOr CJ10ja, OBa OCOOMHA je cMaTpaHa oanydyjyhom
npunnkom fedrHrcara mepa obHoBe. Tako, AebrbiHa
n3onauwje kog yHanpehera 11 2 kpehe ce y rpaHnLama
KOje ce MpuMersyjy y Mpakcu 1 1cnod Kojux He 61 Tpeba-
no npuctynatv obHosm (10 cm 3a dacagHe 31aose, 15—
20 cm 3a mehycnpaTHe KOHCTPYKLUWje MCNOA U U3HaA He-
rpejaHux Npoctopa, 20 Cm 3a Koce 1 paBHe KPOBOBE, 5
CM 3a NoAOoBe Ha Ty ), IOK Ce 3a yHanpeherse 3 npea-
BMba MakcMManHa aebsbrHa M3onaumnje Kojy je moryhe
NOCTUAN TPEHYTHUM TEXHUUYKO-TEXHONOWKMUM pellersi-
Ma Npu pekoHCTpyKumjn (20 cm 3a dacage, 25-35 cm 3a
mehycnpaTtHe KOHCTPYKUWje MCMOA U 13HAA HerpejaHmnx
npoctopa, 30-40 cm 3a Koce u pasHe kposose, 10-15
CM 3a NOAOBE Ha Ty).

YCBOjeHV NPUHUMIY MPOPaYyHa TEPMOTEXHUYKIX
cucTema

C 003MpoM Ha TO fia TeXHWYKa AOKYMeHTauuja 13
06nacTn TEPMOTEXHUYKMX WHCTanauuja 3a npojekTo-
BaHO CTakbe HMje Buna JOCTYMHA, Ha OCHOBY rOAMHE

these procedures have no greater relevance in terms of
improving the energy performance and calculation im-
pacts. In addition, the installation of thermal insulation
on the ground floors requires very extensive additional
work (the reconstruction of the interior doors and heat-
ing installations, the correction of the height and slope
for stairs ramps, etc) so that they are not always a via-
ble option in renovation. All complex reconstruction
measures that contribute to improving energy efficien-
cy also lead to significant energy savings and have been
considered in research (Cukovi¢ Ignjatovi¢, Ignjatovic,
Stankovi¢, 2016; Ignjatovi¢, Jovanovi¢ Popovi¢, Kavran,
2015), but it was not possible to include them in such an
extensive typology.

All of the above specific conditions can greatly affect
the investment value of the renovation measures, but
since the thickness of the thermal insulation layer has the
key role in the evaluation of the thermal performance of
the renovated envelope, this feature was considered de-
cisive when defining the improvement measures. In this
respect, the insulation thickness for Improvements 1 and
2 falls within the values applied in practice, below which
the renovation should not be considered (10 cm for fa-
cade walls, 15-20 cm for the floor constructions below
and above the unheated spaces, 20 cm for the pitched
and flat roofs, and 5 cm for the ground floors). On the
other hand, Improvement 3 applies the maximum insula-
tion thicknesses achievable by currently available techni-
cal and technological renovation solutions (20 cm for the
facade, 25-35 cm for the floor constructions below and
above the unheated spaces, 30-40 cm for the pitched and
flat roofs, and 10-15 cm for the ground floors).

The adopted principles for HVAC system calculations

Considering the unavailability of the design docu-
mentation for the HVAC installations, the year of con-
struction, the size and the location of the school or kin-
dergarten building were used to assess the probable
original choice of the heating system and the main en-
ergy source or its combination. In order to determine the
heating system and the main fuel/energy source for the
selected type buildings across the categories, the follow-
ing criteria were used:
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v3rpaamse, BenvunHe Wkone/spTnha v nokaumje 3rpage

je n3BpLUIeHa NpoLeHa Koju je CUCTeM rpejarba HajBepo-

BaTHVje OVO MPUMEHEH 1 WTa je OCHOBHO rOPWUBO UK

KombuHaumja ropmea. Mpunvkom ogpehnsarba cmcTema

3a rpejakbe 1 AOMUHAHTHOT ropu1Ba/eHepreHTa 3a ofab-

paHe TUMCKe 3rpafle Mo KaTteropujama, kopuwheHu cy
cnepehu Kputepujymm:

- T[locTojehn TMN cucTemMa 3a rpejarbe U kopuwheHn
eHepreHT oapeheHn Cy Ha OCHOBY aHKeTe 1 obunac-
Ka objeKTa.

+  3a YHanpebeme 1, koje obyxBaTa pafjoBe marber
obuma Ha rpaheBMHCKOM OMOTauy 3rpafde LWTo
CMatbyje MoTpebHy eHeprujy 3a rpejarbe, 3afpKaH
je noctojehn cuctem 3a rpejarbe, ocuM Yy Ciydaje-
BMMa Kafla Ce Ca 3arpeBarba JIOKAHUM 3arpeBHUM
ypehajuma (nehrma) Npewno Ha LeHTPanHo rpejarbe
WAV Ce C TeYHOT roprBa Npewno Ha 1omacy.

Y YHanpehetby 2,y CBMM 3rpagama NpeLno ce Ha Ko-
puwhere bromace (Nenet y 3rpafiaMa mMarbe nosp-
WI1He, a APBHa ceyka y BehrM 3rpafiama) OCM ako Cy
00jeKTV noumpaH y rpafickoj cpeavHn v Beh npu-
KSbyYeHM Ha CUCTeM [albMHCKOr rpejarba ca Tonna-
HOM KOja Kao OCHOBHO FOpWBO KOPWUCTX MPUPOA-
HW rac Kao EKOSOLLKM HajnpmuxBat/bMeuje GoCunHO
rOpWBO.

Y YHanpehewy 3, koje npeasuha obumHe MHTEP-
BeHLMje Ha OMOTauy 3rpafe, rpejarbe npocropa u
npvnpema CTB ocTBapyje ce MpUMEHOM TOMIOT-
HUX MYMMNW Basfyx/BoAa. Y WKOMama ce Kao JOmMyH-
CKW eHepreHT 3a 3arpeBatbe CTB KOpUCTW enekTpuy-
Ha eHepruja, a y 3rpalama NPeaLKONCKMX YCTaHOBa,
Koje paje 1 TOKOM neTa, KopucTu ce eHeprija CyHua
nomohy NpujeMHYiKa CyHueBe eHepruje .

MoK NnpepavyHaBaky NOTpebHe eHepruje 3a rpejarbe
n npunpemy CTB y ncnopydery (brHanHy) eHeprujy cy
KopuwwheHe NpoceyHe BPeAHOCTH CTeneHa KOPUCHOCTY
KOTNa, LieBHe Mpexe 1 perynauuvje 3a yCBOJeHN CUCTeM
rpejarba, CTapocT ypehaja n KopuwheHn eHepreHT.
MakTopy KOHBEp3Wje GMHANHE Yy NPUMAPHY eHeprujy,
Kao 1 aKTopW emmncumje yribeH-aAnmoKkcmaa, YrinaBHoM cy
npeyseTtn 13 lNpaBUnHKMKa O eHepreTckoj edprKkacHOCTY
3rpaga y3 cnegehe kopekuuje:

The existing heating system and energy source were
determined upon the questionnaire and the on-site
survey.

For Improvement 1, which included small scope in-
terventions on the building envelope in order to re-
duce the required heating energy, the existing heat-
ing system was retained except in the case that local
heating devices (stoves) were replaced by centralized
heating or that liquid fuel was replaced by biomass.
For Improvement 2, all buildings converted to using
biomass (wood pellet in smaller schools and wood
chips in larger buildings) except for the buildings in
the urban environment already connected to the
district heating system, in case that the thermal plant
used natural gas as the most ecologically acceptable
fossil fuel.

For Improvement 3, which included extensive inter-
ventions on the building envelope, air to water heat
pumps were used for heating and DHW preparation.
In schools, electricity was used as a supplementary
energy source for DHW heating, while in kindergar-
tens, which are operational during the summer, the
solar receiver systems were used.

In the conversion from the heating and DHW prepa-
ration energy demand to the delivered (final) energy, the
average values were used for the efficiency of the boil-
er, pipe network and regulation for the adopted heating
system, as well as the age of the installations and the en-
ergy source.

Generally, the primary energy conversion factors and
the carbon dioxide emission factors were taken from the
Rulebook on energy efficiency of buildings, with the fol-
lowing corrections:

The adopted primary energy conversion factor was

1.1, as thermal plants mainly use natural gas for fuel.

The CO, emission factor for wood combustion was

adopted at 0.28 kg CO_/kWh, considering that liquid

fuel is mainly used in tree felling, wood processing
and transportation to the end user.

The CO, emission factor for electricity generation

in Serbia was adopted from the above Rulebook

(F=25%0.53=1.33kg CO_/kWh),although according
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« (DakTop TpaHchopMaLmje MpUMapHe eHepruje y du-
HasHy 3a CUCTeM AalbWMHCKOr rpejarba yCcBojeH je 1,1
jep TonnaHe yrnaBHOM KOPWUCTE MPUPOAHM rac Kao
ropuBO.

« (DakTop emmncuje yribeH-AMOKCHAR NPU CaropeBakby
Apseta yceojeH je 0,28 kg CO,/kWh, ¢ 0631pom Ha
TO [la Ce Mpu ceun ApBeTa, Npepaan v TpaHCnopTy
[0 Kpajrber KOPWCHMKA YrNaBHOM KOPWUCTM TeUHO
ropuBO.

- OQakTop emucuje yribeH-AMoKcKaa Mnpu  Npoms-
BOAHM eneKTpuuHe eHepruje y Cpbuju ycBojeH je
npema Beh nomexyTom lMpaBunHuky (F = 2,5 * 0,53
= 1,33 kg CO/kWh), maaa rberosa BpeHOCT npema
3BaHMYHUM Nodaumma Enektponpuspene Cpbuje He
npenasu 1,1 kg CO/kWh enektpuyre eHepruje (He-
3HATHO Ce MEeHba W3 FTOAVIHe Y rOfINHY, YrIaBHOM 3aBM-
CHO Of1 XMAPOMOWKNX MPUKMIKA).

YcBojeHe BpefHOCTV dakTopa npepadyHaBara ¢u-
HasHe y NpUMapHy eHeprujy, Kao U emncuje yribeH-amn-
oKCKMAa 13 NOjeArHNX ropurBa NpurKasaHe cy y Tabenu 15.

Tabena 15. DakTopW NpepadyHaBarba y NprYMapHy eHeprijy
1 KoeDULIMJEHTV eMUCHje YTTbeH-AMOoKCM/a 3a NojeanHe
eHepreHTe

to the official data of Elektroprivreda Srbije, Serbian
electric utility company, its value does not exceed 1.1
kg CO,/kWh (it slightly varies from year to year largely
depending on the hydrologic conditions).

The adopted values for the primary energy conver-

sion factors and the carbon dioxide emission factors by
fuel are shown in Table 15.

Table 15.The primary energy factors and the carbon dioxide
emission factors by fuel

EnepreHT Fuel OakTop npepavyHasarbay | Cneunduura emmcuja CO,
npviMapHy eHeprijy Specific CO, emission factor
Primary energy factor [kg CO/kKWh]

MprpogHu rac 1 020

Natural gas

TeuHo ropnso

Liquid fuel 1.2 028

Yram

Coal 13 032

[pBHa 6uomaca

Wood biomass ol 028

EJ‘IE‘KT.pl./MHa eHepruja 25 053

Electricity

[arbmHcKo rpejarbe (TonnaHa caropesa

NPUPOAHW rac) 11 0,20

District heating (plant uses natural gas)

[punnKom ekcTpanonauunje NOTPOLWHE eHeprvje 3a
rpejarbe v npunpemy CTB y cBUM WKonama/BpTMhrMa

In the extrapolation of heating and DHW preparation

energy consumption in all schools and kindergartens in
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Ha Teputopujn Cpbuje, kopuwheHa je cnepeha metofa:
3a opabpaHe peanHe penpeseHTe MOAENCKe 3rpage yc-
BOjeH je nocTojehur cucTem rpejarba Kojui He Mopa Aa je
penpeseHTaTVBaH 3a Ty kaTeropwjy 3rpaga. 36or Tora,
eKkcTpanonaumja TMNCKOr Mofdena Ha LenokynaH 6poj
WwKona/BpTvNa Te KaTeropuje Huje 13BpLIeHa Ha OCHOBY
NOTPOLWHE eHepruje TUNCKOr MoAena, Beh je NoTpowHa
eHepruje (GrHanHe 1 NpYMapHe) Kao 1 eMmncuja yribeH-
AMOKCWIA M3padyHaTa 3a Tpu Hajuelhe kopuwheHa cnc-
TemMa rpejarba U eHepreHTa, a Ha OCHOBY NOTPebHe eHep-
rvje 3a rpejarbe TMNCKOr MOAENa y 3aTeyeHOM CTakby.
3aTim je oppeheHa cpeftba NOTPOLWHA eHepruje NoH-
[Aepuvcarbem M3padyHaTux MOTPOLWbK eHepruje npe-
Ma YUeCcTanocTv MojaB/bMBarba KOMOMHALMje — C1CTem
rpejarba 1 eHepreHT (Ha OCHOBY CMPOBeAEHe aHKeTe) U
Ta ocpefitbeHa BPeaHOCT MO jeAVHULM NOBPLWMHE THM-
CKOI MOflena MOMHOXeHa je ca YKYNMHOM HeTo NoBpLUK-
HOM CBUX WKona/spTrha 13 Te kateropuje y Cpouju.

YCBOjeHW OPUHLUMAM NpopayYyHa eaeKTPOeHepreTCKmx

the territory of Serbia, the following method was used:
for the selected real representatives of the model build-
ing, an existing heating system was adopted that was
not necessarily representative of the respective catego-
ry of buildings. Therefore, the extrapolation of the type
model to the total number of schools or kindergartens in
this category was not based on the consumption of the
type model. Rather, the final and primary energy con-
sumption as well as the CO2 emissions was calculated for
the three prevalent heating systems and energy sourc-
es upon the heating energy required by the type model
in the current condition. The mean energy consumption
was then determined by weighting the calculated ener-
gy consumption by the frequency of the combination of
the heating system and the energy source (based on the
survey), and the averaged value per unit area of the type
model was multiplied by the total net area of all schools
and kindergartens from that category.

The adopted principles for electric power systems

cmcTema
[poLeHa NOTpoLW e enekTpUYHe eHepruje y WKos-

CKMM ¥ NPefLKONCKAM yCTaHoBama je yTepheHa Ha oc-

HOBY aHKETHWX MuTarba, KOja Cy Ce OfHOCWMAa Ha W3-

MepeHy npey3eTy aKTVBHY eNeKkTpuUYHy eHeprujy Ha

roovbem HMBOY. Ha ocHoBy dopmmpaHe 6ase nofa-

Taka O MOTPOLWHama eNneKTpUYHe eHepruje 3a nojeaviHe

objekTe WwKona 1 BpTWha, Kao 1 NoaaTtaka o HeTo NoBp-

W1HW OBUX ObjekaTa, yTBpheH je oncer cneunduyHe ro-

ANWHe NOTPOWHEe enekTpUYHe eHepruje no jeanHnUm

NOBPLUNHE LKONCKMX 1N MPEALIKONCKMUX ObjeKTaTa.
MpoueHa ydyewha cucTeMa OCBET/bEHA Y YKYMHO]

NOTPOWHM enekTpuyHe eHepruje WKONCKMX 1 MpeaLL-

KONCKuMx 0bjeKaTa je 13BpLIeHa Ha OCHOBY:

- yTBpheHe CTpykType nocTtojeher cuctema ocse-
T/beha y WKonama 1 BpTuhnma, Koja je aobujeHa Ha
OCHOBY ofroeapajyher aHkeTHOr NuTakba.

+  yTBphEeHOr NpoceyHor AHEBHOT BpeMeHa pafa ocBe-
T/beHA Y LWKONaMa v BPTUNIMA, Koje je fobmnjeHo Ha
OCHOBY ofroeapajyher aHkeTHOr NuTakba.

+  MpeTnocTassbeHor 6poja PagHUX AaHa Y LKONama u
BpTvhnma. bpoj pagHvx AaHa je yTBpheH Ha OCHo-
By noctojehvx kaneHfapa HacTaBe y OCHOBHUM W
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The electric power consumption in school and kin-
dergartens was estimated upon the questionnaire re-
sponses regarding the measured annual active power
received. The established database on electricity con-
sumption for individual schools and kindergartens, as
well as the information on their net floor areas was used
to determine the scope of specific annual electricity con-
sumption per unit of area.

The share of the lighting system in the total electric-
ity consumption for school and kindergarten buildings
was estimated upon the following:

« The structure of the lighting system currently used in
schools and kindergartens obtained from the corre-
sponding questionnaire responses.

- The average daily use of artificial lighting in schools
and kindergartens established upon the correspond-
ing questionnaire responses.

- The estimated number of working days in schools
and kindergartens. The number of working days for
primary and secondary schools in Serbia was estab-
lished upon the calendar schedule of 180 working
days. The number of working days in kindergartens
was set at 250.
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cpefrbum Wwkonama y Cpbujn n oH n3Hock 180 aaHa
y rToAviHW. bpoj pagHKx faHa y BpTvhnma je yCBOjeH
1 n3Hocm 250.

+  NpeTnocTas/beHor noctojeher H1BOa OCBETILEHOCTM
Mo jeauHMLUM HeTO NOBPLUMHe objekaTa WwKona v Bp-
Tvha, Koju je ycBojeH Aa n3Hock 150 Ix. OBaj HMBO OC-
BET/bEHOCTN je YCBOJeH Ha OCHOBY TUMUYHE CTPYKTY-
pe NpocTopuja y WKonama v BpTvhnma 1 ytepheHor
HVBOA CrelndUUHe roAnWHE NOTPOLHE eNeKkTprY-
He eHepruje y 0BUM 0bjeKT1Ma.

Y uwby yHanpeberba eHepreTcke eprKacHOCTM
noctojeher cucteMa OCBET/bEHA, M3BPLIEHA je AeTarbHa
aHanu3a v NpeanoxeHe Tpu Mepe yHanpeherba:

+  YHanpebeme 1 - obyxBaTa 3ameHy noctojeher cuc-
Tema ocBeT/berba LED ocBeT/berbem.

+  YHanpebemwe 2 — obyxBaTa UeHTPafHY KOHTPONY
YKJbYUEHOCTU OCBET/bEHA Y MpOoCTopUjama. MNpeano-
*XEeHOM MEepOM Ce YBOAM CUCTeM ayTomaTn3almje oc-
BeT/bekba Y WKOMamMa v BpTUhrma.

+  YHanpehere 3 - 00yxBaTa flasbe Nobosbllakbe cUcTe-
Ma ayToMaTu3alyje OCBET/bera KPO3 AeTeKLM]Y Mpu-
CyCTBa Jbyan Y NPOCTOPWjaMa U NOAeLlaBarbe HYBOA
BeLITAUKOr OCBET/beHba Y 3aBMCHOCTY Off 100a AaHa.

YwTepa y NOTPOWHbM enekTpuuHe eHepruje, Ko
yHanpeherba 1, yTBphHeHa je jeqHOCTaBHUM NpopadYyHOM
pa3nnka y NoTpolWrK noctojeher cuctemMa OCBET/bEHA
M CUCTeMa OCBeT/berba YKOMIMKO OW ce KoMMneTaH cuc-
Tem pacseTe 3ameHno LED m3Bopuma. LieHTpann3osaHo
NCKIbyylBarbe OCBET/berba Y MOjeVHVM yUYMOHMLaMa
1 xooHWUMMa omMoryhaea AoAaTHY ywTefy, Koja je npo-
uerbeHa aa nsHocu 10% y NpoceyHoj LWKOMM, OAHOCHO
BpTvhy. [lasbe nobosbluake cucTema aytomaTmsaumje
OCBeT/bEHA, KPO3 fAeTeKunjy NpucyCTBa Jbyan y Npoc-
TopuWjama 1 ayTOMaTCKO MofellaBarbe OCBeT/bera Y 3a-
BMCHOCTM 0f Aoba AaHa, omoryhaea foAaTHy ywTeny y
CMarberby MOTPOLLHbEe enekTpuyHe eHepruje of 5%.

Mopen NpopavyHaTVx BPeAHOCTW yluTeaa drHanHe
efleKTpUYHE eHepruje Koja je HeornxodHa 3a paf ocee-
T/berba, M3BPLLEH je MPOopayyH yliTea NprMapHe eHep-
rvje, Kao 1 CMarberba emmcnje yribeH-AvoKCKAa 3a CBa-
KO MNpeanoxeHo yHanpeherbe. EnekTpuyHa eHepruja

- The estimated existing illuminance per unit of net
area of schools and kindergartens, set at 150 Ix. This
light level was adopted upon the typical structure of
school and kindergarten spaces and upon the estab-
lished level of specific annual power consumption in
these facilities.

After a detailed analysis into the potential for increas-
ing the energy performance of the existing lighting sys-
tem, three improvement measures were proposed:

« Improvement 1, which involves the replacement of
the existing system with LED luminaires.

« Improvement 2, which involves a centralized light-
ing control on the premises. The measure propos-
es the introduction of automatic lighting control in
schools and kindergartens.

« Improvement 3, which involves further improve-
ment of the automatic lighting control by introduc-
ing the systems for presence detection and light lev-
el adjustment according to the time of day.

The savings in electricity consumption proposed in
Improvement 1 were determined by a simple calcula-
tion of the difference in consumption between the ex-
isting lighting system and the LED luminaire replace-
ments. Centralized switching off the lights in individual
classrooms and corridors provides additional savings, es-
timated at 10% in the average school or kindergarten.
Further improvement of the automatic lighting control
by presence detection and automatic light level adjust-
ment according to the time of day achieves additional
5% savings in power consumption.

In addition to the calculations of cost savings in the
final electricity required for the operation of the lighting
system, calculations of primary energy savings as well
as reductions in CO, emissions were made for each pro-
posed improvement. Electricity in Serbia is supplied by
coal-burning thermal power plants (approximately 70%)
and hydroelectric power plants (approximately 30%).
However, since hydroelectric power generation depends
on the annual potential of the river watercourses and
cannot rely on long-term accumulation, any reduction in
power demand will have direct impact on the reduction
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y Cpbujn ce fobuvja 13 TepmoeneKkTpaHa Ha yrab (OKo
70%) v xvppoenekTpaHa (oko 30%). Kako je npor3seoarba
eNeKTPUYHE eHepruje 13 XuapoenekTpaHa yCioB/beHa
rOAVWHKUM MOTEHUM]ANIOM BOAOTOKA PeKa M He MOoxe
61TV [yropoUYHO akymynnpaHa, CBako CMatrberbe MoTpo-
WHbe eNekTpuUHe eHepruje AMpeKkTHo he ce npecivka-
TV Ha CMakbeHe MPOM3BOAHE 13 TepmoenekTpaHa. [la-
Kne, CBaka ywTeaa y NoTPOLFbY eNeKTprYHe eHepruje je
AMPEKTHO BE3aHa 3a CMatberbe MNPOV3BOfHE eNeKTPNY-
He eHepruje y TepmMoenekTpaHama, To jecT ywTefy y noT-
POWHM yriba 1 raca. CMarberse MOTPOLIFE enekTpuY-
He eHepruje 3a OCBET/bEHE OUTHO YTUUE U Ha CMarberbe
rybutaka y npeHocHoj U ancTpmnodytreHoj mpexin (Tpu-
dyHosuMh, Mukynosuh, Bypuwwrh, Hypuh, Koctuh, 2009;
ToudyHosuh, Mukynosuh, hHypuwuh, Koctuh, 2011).
YBaxaBajyhn oBaj edekaT, y CNpOBefeHVM aHanm3ama
YCBOJeHO je la CMarberbe NoTPOLWHE GUHANHE eHeprije
33 OCBET/bEHE YTUUe Ha CMatrberbe rybrTaka y mpeHocy 1
ANCTPnbyUnju y BpeaHocTv of 10% npeyseTe eHepruje.
YCBajarbeM HaBefieHOr edekTa 1 TUMMUHe epUKaCHOCTY
KOHBep3vje eHepruje y TepmoeneTpaHama, 3akibyyeHo
je ;a je ywreaa npvmapHe eHepruje 3,3 nyTa Beha of
ywrteae GUHanHe eneKkTpuUyHe eHepruje 3a OCBeT/berbe.
Ha ocHoBy aobujeHe npumapHe eHepruje moryhe je an-
PEKTHO OApeanTA 1 yWwTedy Y eMUCKjU YribeH-AnoKcuaa
v oHa usHocw oko 1,1 kgCO /kWh duHanHe enexktpudHe
eHepryje.

Pagn KopeKkTHOr carnedaBarba yHanpeherba eHep-
reTcke edrkacHOCTV NMOTPEOHO je 3afpKaTu HYBO OC-
BET/beHOCTV Kao NapameTap KOju je UCTW Mpe ¥ HaKoH
mepa yHanpehera. YCBojeHa padyHCKa BPeAHOCT Mnpo-
CeYHOr HMBOa OCBET/bEHOCTV MOBPLIMHA WKOMACKMX 1
npeaLKonckmx objekata of 150 Ix je penaTMBHO HUCKa U
YCNOBSbEHa je UMFbeHMLIOM [la BeNVKK OpOj WKoMa v Bp-
Tvha y CpOuju Ma 3HATHO HIVKY NOTPOLWHY eNekTpryHe
eHepruje no jeAnHVLM NOBPLWKHE Of MPOCEYHVX BPes-
HOCTW WKona v BpTWha ca O6PO NPOjeKTOBAHMM CUCTe-
MOM BELUTaUYKOT OCBET/bEeHA. BPNo je OUTHO HanomeHyTH
[a yHanpeherbe eHepreTcke eprkacHOCTM OCBET/bEHA
nofpasymesa, y Hajaehem 6pojy LWKOAa, MHCTanaumnjy Ho-
BMX CBETUSBKM, LITO je MPUAKKa fa ce yHanpeau KeanuteT
OCBET/bEHA W NMPUAAroan CTaHAAPAMMA 33 NPOCTopuje
ofpeheHe HameHe y 0BUM ObjekTMa. Mmajyhn Toy Bray,
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in thermal power plant supply. Thus, any savings in elec-
tricity consumption is directly related to the reduction
of electricity generation in thermal power plants, that is,
savings in coal and gas consumption. Lower consump-
tion of electricity used for lighting significantly affects
the reduction in losses in the transmission and distribu-
tion network (Trifunovi¢, Mikulovi¢, Burisi¢, Buri¢, Kostic,
20009; Trifunovi¢, Mikulovi¢, Burisic, Kostic, 2011). With re-
spect to this effect, the calculated reduction in the final
lighting energy consumption resulted in a reduction in
transmission and distribution losses of 10% of the ener-
gy received. When this effect and the typical energy con-
version efficiency of thermal power plants were consid-
ered, it was concluded that the primary energy savings
were 3.3 times higher than the final lighting energy sav-
ings. The results obtained for primary energy consump-
tion also gave direct insight into the reductions in CO,
emissions, which were approximately 1.1 kgCO_/kWh of
final electricity.

The increase in energy efficiency can be properly as-
sessed if the parameter of illuminance is maintained at
the same level before and after the improvement meas-
ure. The adopted average calculated illuminance value
of 150 Ix for school and kindergarten buildings is rela-
tively low and it is related to the fact that a considera-
ble number of schools and kindergartens in Serbia have
significantly lower electricity consumption per unit area
than the facilities with a well-designed artificial lighting
system. It is important to note that the improvement
in lighting energy efficiency assumes the installation of
new luminaires in most schools, which is also an oppor-
tunity to improve the quality of lighting and to meet the
standards required for premises with a specific purpose.
Thus, the improvements in energy efficiency and in the
quality of lighting should be considered together. In ab-
solute terms, the effect of improving energy efficiency
in the school buildings with low artificial light levels will
not yield the expected reduction in electricity consump-
tion, yet considered relatively, it will provide better light-

ing quality.
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yHanpeherbe eHepreTcke edrkacHOCTM Tpeba ncTospe-
MEHO MocMaTpaTh 1 ca yHanpeherem KeanuTeTa ocge-
Tbeha. 3aTo, 3a ofipeheHe WKoNcke 0bjeKkTe, ca cnabom
BelTaukom oceeT/beHowWwhy, edekat yHanpeherba eHep-
reTcke edUKaCHOCTM Yy anconyTHOM CMUCIy Hehe aaTu
OYeKVBaAHO CMatbetbe NOTPOLLHE eNeKTPUYHe eHepruje,
anu he 06e36eanT 60/bM KBANTET OCBET/bEHA.

[Npema ctangapay EN 12464 — 113 2011. roanHe, Koju
BaXM 3a YHyTpaWHe OCBeT/berbe, edrHMCaHO je oko 30
Pa3MUUTUX 30Ha OCBET/bEHA. HMBO M PaBHOMEPHOCT
OCBET/LEHOCTM 33 OCHOBHE TWUMOBE MPOCTOpWja Y WKO-
nama cy aeduHmncanu y Tabenun 16.Y Tabenu 17 aeduHn-
CaHW Cy 3aXTEBAHW HUBOW OCBET/bEHOCTY U PaBHOMEP-
HOCT OCBET/beHOCTM 33 OCHOBHe TWMoBe NpocTopuja y
NpeALKONCKUM 0bjeKT1Ma.

Tabena 16. 3axTeBaHe BPeAHOCTM HBOA W PABHOMEPHOCTN

OCBET/bEHOCTI 33 OCHOBHE NPOCTOPUjE Y LUKOSICKMM
objekTMa

The indoor lighting standard EN 12464-1:2011 com-
prises about 30 different lighting zones. llluminance lev-
els and uniformity for the basic types of interior spaces
in schools and kindergartens are shown in Tables 16 and
17, respectively.

Table 16. Standard values for the level and uniformity of
illuminance in basic types of interior in school buildings

Tvn npocTopuje MuHUManH HUBO PaBHOMepHOCT

Type of interior OCBET/bEHOCTU OCBET/LEHOCTU
Minimum llluminance
illuminance level uniformity
[Ix]

YunoHuue 300 06

Classrooms

YynmoHuLe 3a BeYeprby HacTaBy 1 obpa3oBarbe oApacinx

) A 500 06

Classrooms for evening classes and adult education

YUMOHMLe 3a IMKOBHY HacTaBy 500 06

Art rooms

J'Ia6opaTo.pv1Je M panvoHme 500 06

Laboratories and practical rooms

B.w6ﬂm0Ter<a 500 06

Library

yuMOvaue 32 TeXHUUKO LpTarbe 750 06

Technical drawing rooms

yuMQHMue 32 My31UKO BacnmTatbe 300 06

Music practice rooms

PauyHapcke yunoHnue 300 06

Computer practice rooms

36opHuLe 300 06

Teachers rooms

CnopTcke cane 300 06

Sports halls

Ynasw y WKony, KaHT1He, nonuue y brbnmoteum 200 04

Entrance halls, canteens, library bookshelves !

XoaHuLn

Corridors 100 04

CTeﬁeHMUJTa 150 04

Stairs
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Tabena 17. 3axTeBaHe BPeAHOCTU HBOA 1 PABHOMEPHOCTH
OCBET/BEHOCTH 33 OCHOBHE npocTopuje y BpTrhima

Table 17. Standard values for the level and uniformity of
illuminance in basic types of interior in kindergarten buildings

Tun npoctopuje MUWHMUMaNHN HUBO PasHOmepHOCT
Type of interior OCBET/LEHOCTH OCBET/bEHOCTU
Minimum llluminance
illuminance level uniformity
[Ix]
Cobe 3a vrpatbe 300 04
Playrooms
Jacnuue 300 04
Nurseries
[euje pagroHvue
Handicraft rooms 300 06
XooHuum
Corridors 100 04
CTgneHmuJTa 150 04
Stairs

Y npocTopunjaMa WKOACKMX 1 MPEeALKONCKnx objekata
M3BOPU CBETNOCTM MOPajy MMaTW MHAEKC penpoayKumje
60ja Behu of 80.

Mpn npojekToBarby U M3BODEHY OCBET/bEHA MO-
TpebHO je BOAUTM padyHa O HaMeHU WKOSCKOT MPOCTO-
pa (yyvoHuue, nabopatopuje, KabuHeTH, GUCKyNTypHe
cane,.) My CKNafly ca 3axTeBaHUM KpaKTepuCTUKama 3a
ofpeheHV B1A aenatHoCTV ofabpaty onTMManaH pacro-
pefl CBETU/BKMN 1 FoUXOBE TEXHWUUKE KapaKTEPUCTHKE.

C 0631pom Ha To fia NpeanoxeHe Mepe yHanpehetba
nofpa3symeBajy 3ameHy nocTojehnx 13Bopa CBETNOCTU
LED n3BopuMa NoTpebHo je, Nopes HaBedeHWUX Kapak-
TEPUCTMKA KBanWTeTa OCBET/berba, BOAWTM padyHa U
O CneKkTpanHUM KapaKTepucTMKaMa enekTpomarHeT-
CKOT 3payerba OBMX M3BOPa. 3aTo, Npw n3bopy LED oc-
BeT/betba 3a LKONCKe M MPeaLKOSICKE YCTaHOBE Heom-
XOAHO je KOHCYNTOBATM CTPYUHbaKe 33 OCBET/bEHE, KAaKO
Ou CnekTpasnHe KapakTepucTuke ofabpaHor LED ocse-
T/behba O1ne NprxBaT/bMBE 33 NPOCTOPMjE Y KojUMa 60-
paBe fela, y4eHnLUM 1 HACTaBHULN.

The color rendering index by the luminaires in the inte-
rior spaces in school and kindergarten buildings must be
higher than 80.

The design and installation of the lighting system
should take into account the purpose of the school spac-
es (classrooms, laboratories, practical rooms, gymnasi-
ums, etc.) as well as the standards for particular activities
in order to choose the optimum luminaire arrangement
and their technical characteristics.

Considering that the proposed improvement meas-
ures involve the replacement of the existing luminaires
with LED units, besides the mentioned quality charac-
teristics, it is necessary to take into account the spectral
characteristics of electromagnetic radiation emitted. For
this reason, when choosing LED lighting for school and
kindergartens, it is necessary to consult lighting experts
so that the spectral characteristics of the selected LED lu-
minaires are acceptable for the rooms occupied by chil-
dren, students and teachers.

OnuwTa HanomeHa:
Y cBMM Tabenama 6pojesw Cy NpuKasaHn y cknagy ca

npaBuIIMa CPrCKor jesnka.

General remark:
In all tables numbers are presented according with
serbian language rules.
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5. JINYHE KAPTE
TUNONOWKNX MPEACTABHUKA
LWIKONCKUX 3rPAA

5. FACT SHEETS:

TYPE REPRESENTATIVES
FOR SCHOOL BUILDINGS

Twun wkone
School type ﬁ1
3acTyn/beHoCT Tina bpoj 3rpapa 596 | 1532%
Frequency of building type Number of buildings
MospwnHa [M?] 98.340 2,08 %
Living space [m?]
EHepruja notpebHa 3a rpejarve | MNocTtojehe cTarbe 3080009 3,13%
[MWh/roanwrse] Current condition
Energy needed for heating
(MWh/an] YHanpehetse 1 16.875,14
Improvement 1
YHanpeherse 2 11.985,68
Improvement 2
YHanpeherse 3 7.869,17
Improvement 3
Twun wkone
School type A2a
A2a
3acTyn/beHoCT Thna bpoj 3rpaga 165 4,24 %
Frequency of building type Number of buildings
MospwwuHa [M? 93.555 1,98 %
Living space [m?]
Erepryja noTpebHa 3a rpejarve | Moctojehe cTarbe 2336162 238%
[MWh/roaniwkse] Current condition
Energy needed for heating
[MWh/an.] YHanpeherse 1 1454219
Improvement 1
YHanpehetse 2 9.269,43
Improvement 2
YHanpeherse 3 7.869,17
Improvement 3
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Tun wkone
School type ﬁzg
3acTynsbeHoCT Tna Bbpoj 3rpana 135 347 %
Frequency of building type Number of buildings
MospwuHa [m?] 12.3795 2,61%
Living space [m?]
EHepruja notpebHa 3a rpejarse | MNocTojehe cTarbe 31.12578|  3,16%
[MWh/roanwibe] Current condition
Energy needed for heating
[MWh/an ] YHanpehetre 1 22.863,70
Improvement 1
YHanpehetse 2 12.395,59
Improvement 2
YHanpehetse 3 8.242,27
Improvement 3
Tun wkone
School type A3a
A3a
3acTynsbeHoCT Tna bpoj 3rpana 104 2,67 %
Frequency of building type Number of buildings
MospwuHa [m? 225472 4,76 %
Living space [m?]
EHepryja noTpebHa 3a rpejarve | MocTojehe cTarbe 4457356 4,53 %
[MWh/roanwtbse] Current condition
Energy needed for heating
[MWh/an] YHanpeherbe 1 29.897,59
Improvement 1
YHanpehetse 2 19.374,81
Improvement 2
YHanpebhetve 3 12.759,46

Improvement 3
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Tun wkone
School type

A36
A3b

- | 3acTynsbeHocT Tvna bpoj 3rpapa 138 3,55%
Frequency of building type Number of buildings
MospwnHa [m?] 329.682 6,96 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 78.161,01 7,95 %
4 [MWh/roguwirse] Current condition
E Energy needed for heating
) ; (MWh/an] YHanpehetbe 1 57.819,63
H Improvement 1
YHanpeherse 2 31.781,34
Improvement 2
YHanpehere 3 23.018,40
Improvement 3
Twun wkone
School type 21
3acTyn/beHoCT Thna bpoj 3rpaga 664 | 17,07 %
Frequency of building type Number of buildings
MospwwuHa [M? 67.728 143 %
Living space [m’]
EHepruja noTpebHa 3a rpejarbe | MocTojehe crarbe 19.796,22| 2,01 %
[MWh/roauiwtse] Current condition
Energy needed for heating
[MWh/an.] YHanpeherse 1 12.199,84
Improvement 1
YHanpehetse 2 7.036.94
Improvement 2
YHanpeherse 3 4.396,90

Improvement 3
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Improvement 3

Tun wkone
School type Ez
3acTynsbeHoCT Tna bpoj 3rpaga 4491 1154%
Frequency of building type Number of buildings
MospwuHa [m?] 390.630 8,25 %
Living space [m?]
EHepruja notpebHa 3a rpejarse | MNocTojehe cTarbe 7489549 761 %
[MWh/roanwibe] Current condition
Energy needed for heating
[MWh/an] YHanpebherbe 1 4844984
Improvement 1
YHanpeberbe 2 27.543,32
Improvement 2
YHanpeberbe 3 17.605,69
Improvement 3
| Tvn wkone
School type 53
3acTynsbeHoCT Tna bpoj srpana 538| 1383%
Frequency of building type Number of buildings
MospwuHa [m? 1295504 27,36 %
Living space [m?]
EHepryja noTpebHa 3a rpejarve | MocTojehe cTarbe 255.680,67| 2599 %
[MWh/roanwtbse] Current condition
Energy needed for heating
[MWh/an] YHanpeherbe 1 176.706,75
Improvement 1
YHanpehetse 2 85.943,74
Improvement 2
YHanpehetse 3 56,341.47
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Tun wkone
School type

L1
C1

3acTyn/beHoCT Tina bpoj 3rpaga 337 8,66 %
Frequency of building type Number of buildings
MospwnHa [m?] 6.437 1,36 %
Living space [m?]
EHepruja notpebHa 3a rpejarve | MNMocTtojehe cTarbe 20472,57)  2,08%
[MWh/roanwrse] Current condition
Energy needed for heating
[MWh/an.] Yranpebetbe 1 11.89,62
Improvement 1
YHanpeherse 2 7.771,67|
Improvement 2
YHanpeherse 3 5.168,67|
Improvement 3
Twun wkone
School type 32
3acTyn/beHoCT Thna bpoj 3rpaga 274 7,04 %
Frequency of building type Number of buildings
MospwwuHa [M? 352912 745 %
Living space [m?]
Erepryvja noTpebHa 3a rpejarve | Moctojehe cTarbe 108.220,46| 11,00 %
[MWh/roauiwtse] Current condition
Energy needed for heating
[MWh/an.] YHanpeherbe 1 65.105,21
Improvement 1
YHanpeherse 2 3243261
Improvement 2
YHanpehere 3 21.517,04
Improvement 3
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Improvement 3

Tun wkone
School type L|'3a
C3a
3acTynsbeHoCT Tina bpoj 3rpana 219 5,63 %
Frequency of building type Number of buildings
MospuwwHa [m?] 455520|  9,62%
Living space [m?]
EHepruja notpebHa 3a rpejarse | MNocTojehe cTarbe 8741884 889%
[MWh/roguwibe] Current condition
Energy needed for heating
[MWh/an] YHanpebherbe 1 59.021,73
Improvement 1
YHanpeberbe 2 35.134,26
Improvement 2
YHanpeberbe 3 22.980,98
Improvement 3
Tun wkone
School type 232
3acTynsbeHoCT Tna bpoj 3rpana 194 4,99 %
Frequency of building type Number of buildings
MospwmHa [M?] 831.872| 1757 %
Living space [m?]
EHepryja noTpebHa 3a rpejarve | MocTojehe cTarbe 192.270,56| 19,55 %
[MWh/roanwtbse] Current condition
Energy needed for heating
[MWh/an] YHanpeherbe 1 108.800,54
L EPRERRE TR Improvement 1
151 g EETEE
Wi - YHanpehetbe 2 54.404,43
Improvement 2
YHanpebhetve 3 33.566,04
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y | Tun wkone
School type g3
3acTyn/beHoCT Tina bpoj 3rpaga 77 1,98 %
Frequency of building type Number of buildings
MospwnHa [M?] 405.790 8,57 %
Living space [m?]
EHepruja notpebHa 3a rpejarve | MNMocTtojehe cTarbe 1685246 1,71 %
[MWh/roanwrse] Current condition
Energy needed for heating
[MWh/an.] Yranpebetbe 1 -
Improvement 1
YHanpeherse 2 -
Improvement 2
YHanpeherse 3 15.030,46
Improvement 3
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6. JINYHE KAPTE
TUNOJTOWKKUX MPEACTABHUKA
3rPAJA MPEALWKOJICKNX YCTAHOBA

6. FACT SHEETS:
TYPE REPRESENTATIVES
FOR KINDERGARTEN BUILDINGS

Tvin NpefWKoncke ycTaHoBe
Kindergarden building type

Al
Al

3acTynsbeHoCT Tna Bpoj 3rpaga 236 9,11 %
Frequency of building type Number of buildings
MospwwHa [M?] 38.704 1,47 %
Living space [m?]
Enepruja notpebHa 3a rpejarse | MocTojehe cTarbe 1044079 2,19%
[MWh/roanwibe] Current condition
Energy needed for heating
[MWh/an ] YHanpehere 1 562717
Improvement 1
YHanpehetse 2 4.141,72
Improvement 2
YHanpehetse 3 2.820,36

Improvement 3

Tvin NpefWKoncKe ycTaHoBe
Kindergarden building type

A2
A2

3acTynsbeHoCT Tna Bpoj 3rpaga 100 3,86 %
Frequency of building type Number of buildings
MospwwHa [M?] 55.000 2,09 %
Living space [m?]
Eneprumja notpebHa 3a rpejarse | MocTtojehe cTarbe 13.625,15 2,85%
[MWh/roaunwtbse] Current condition
Energy needed for heating
[MWh/an] Yhanpeherse 1 7.724,.20
Improvement 1
YHanpehetse 2 4.854,85
Improvement 2
YHanpehetse 3 3.312,65

Improvement 3
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Tvn NpeaLwKoncke ycTaHoBe
Kindergarden building type

b1
B1

3acTyn/beHoCT Tina bpoj 3rpapa 184 7,10 %
Frequency of building type Number of buildings
MospwnHa [m?] 49,680 1,89 %
Living space [m?]
EHeprija noTpebHa 3a rpejarbe | MocTojehe cTarbe 1545843 3,24%
[MWh/rogunitse] Current condition
Energy needed for heating
[MWh/an ] YHanpehetbe 1 8.821,68
Improvement 1
YHanpehetbe 2 5.063,88
Improvement 2
YHanpehetbe 3 344282

Improvement 3

Tvn NpeaLwKoncke ycTaHoBe
Kindergarden building type

b2a
B2a

3acTyn/beHoCT Thna bpoj 3rpaga 128 4,94 %
Frequency of building type Number of buildings
MospwwuHa [M? 76.800 2,92 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe cTarbe 16.442,88 3,44%
[MWh/roaniwkse] Current condition
Energy needed for heating
[MWh/an.] YHanpeherse 1 12.509,95
Improvement 1
YHanpehetse 2 6.925,82
Improvement 2
YHanpeherse 3 463949
Improvement 3
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Tvin NpefWKoncke ycTaHoBe
Kindergarden building type

526
B2b

3acTynsbeHoCT Tna Bpoj 3rpaga 117 4,52%
Frequency of building type Number of buildings
MospwwHa [M?] 140.400 533%
Living space [m?]
EHepruja noTpebHa 3a rpejarve | MocTtojehe cTarbe 30.142,48 6,31%
[MWh/rogunwmse] Current condition
Energy needed for heating
[MWh/an] YHanpehetbe 1 19.504,37
Improvement 1
YHanpeherbe 2 9.909,43
Improvement 2
YHanpeherbe 3 6.448,57
Improvement 3
Tn NpefLwKoncke ycTaHoBe L“
Kindergarden building type C
3acTynsbeHoCT Tna bpoj 3rpapa 323 1247 %
Frequency of building type Number of buildings
MospwnHa [m?] 58.140 221 %
Living space [m?]
EHeprunja notpebHa 3a rpejarbe | MNocTtojehe cTarbe 16.007,10 3,35%
[MWh/roauwibe] Current condition
Energy needed for heating
[MWh/an] YHanpeherbe 1 10.266,94
Improvement 1
YHanpehetse 2 4.968,64
Improvement 2
YHanpebhetve 3 333491

Improvement 3
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Tvin NpeAWKonCKe ycTaHoBe
Kindergarden building type

Li2
2

3acTyn/beHoCT TMna Bpoj 3rpapa 897 | 3462%
Frequency of building type Number of buildings
MosplwuHa [m?] 1.089.855/ 41,39 %
Living space [m?]
EHepruja noTpebHa 3a rpejatbe | MocTojehe cTakbe 212957,67| 44,60%
[MWh/roguniwme] Current condition
Energy needed for heating
[MWh/an.] YHanpeherbe 1 145.539,24
Improvement 1
YHanpehetbe 2 81.662,84
Improvement 2
YHanpehetse 3 54.154,89

Improvement 3

Tvin NpeALWKonCKe ycTaHoBe
Kindergarden building type

Li3
3

3acTyn/beHoCT TMna bpoj 3rpapa 309 | 11,93%
Frequency of building type Number of buildings
MospwnHa [m? 684435 |  25,99%
Living space [m?]
EHepruja noTpebHa 3a rpejatrbe | MocTojehe cTarbe 133.793,35| 28,02%
[MWh/roaniitse] Current condition
Energy needed for heating
[MWh/an.] Yhanpeherbe 1 95.923,57
Improvement 1
YHanpehetse 2 54.392,05
Improvement 2
YHanpehetse 3 31.661,96
Improvement 3
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Tvin NpefWKoncke ycTaHoBe
Kindergarden building type

a2
D2

3acTynsbeHoCT Tina bpoj 3rpaga 187 7,22%
Frequency of building type Number of buildings
MospwuHa [m?] 187.000 7,10 %
Living space [m?]
EHepruja noTpebHa 3a rpejarve | MocTtojehe cTarbe 15.367,66 3,22%
[MWh/rogunwmse] Current condition
Energy needed for heating
[MWh/an] YHanpehetse 1 11.261,14
Improvement 1
YHanpehetse 2 11.261,14
Improvement 2
YHanpehetve 3 9.813,76

Improvement 3

Tvin NpefWKoncke ycTaHoBe
Kindergarden building type

A3
D3

3acTynsbeHoCT Tina bpoj 3rpana 110 4,25 %
Frequency of building type Number of buildings
MospwuHa [m? 253.000 9,61 %
Living space [m?]
EHepryja noTpebHa 3a rpejarve | MocTojehe cTarbe 1326732  2,78%
[MWh/roanwtbse] Current condition
Energy needed for heating
[MWh/an] YHanpehetse 1 -
Improvement 1
YHanpehetse 2 -
Improvement 2
YHanpehetse 3 11.088,99

Improvement 3
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7.3TPAJE WWKONA N MPEALIKONCKNX YCTAHOBA:
MOTIYRHOCTW NOBOJbLIAHA EHEPTETCKIX
MEPOOPMAHCHU N CMAHEHA EMUCUIE
YITbEH-ANOKCUOA

EHepreTcke KapakTepucTuke 3rpage ce y Cpbuju of-
pehyjy y cknafly ca lNpaBuiiHUKOM O eHepreTckoj edu-
KacHoCTU 3rpaga. OH, TPEHYTHO, AeduHWLLIE KaTeropuje
3rpafja UCK/bYUMBO Ha OCHOBY MOTpebHe eHepruje 3a
rpejarbe, AOK Ce OCTanu BUOOBM €Hepruje He yKIbyuyjy
y yKynaH obpauyH®. [NoTpebHe eHepruje 3a npunpemy
CaHWTapHe TOM/e BOAE M OCBET/betbe Ce padyHajy camo
Ha OcHOBY TabenapHO AaTVX BPEAHOCTV Mpema HeTo
NOBPWWHKL 3rpafe. Y cknady ca OBWM 3aKOHCKUM OKBU-
p¥Ma, ypaheHn cy 1 npopadyHu NoTpebHe eHepruje 3a
rpejarbe 3a ofabpaHe KapakTepUCTUYHE NMPEeACTaBHUKE
3rpafa Wwkona v BpTrha®'. Y npopauyHy npumapHe eHep-
rvje u emmncuje yribeH-anoKcuaa ykibydeHe cy 1 notpeod-
He eHepruje 3a NpUNpPemMy CaHUTapHe Tomnse BOAE, Kao U
eHepruja 3a oCBeT/berbe.

MpopayyHu cy ypaheHn Kpo3 aeduHmncarse:
+  KapaKTepwcTrKa TepMMUYKOr OMOTaua
« TEPMOTEXHUUKMX CUCTEMA W
+ eIeKTPOEHEPreTCKUX CUCTEM,
1 TO 3a nocTtojehe cTarbe 1 TpW HKBOa yHanpeherba.

Mpw npopavuyHMa Cy KopuliheHe KapakTepucTnke
oflabpaHunx penpe3eHaTa MOAENCKMX 3rpafa aedurHuca-
HVX KnacTep aHanM3oMm. 3a npopavyHe NoTpebHe eHep-
rvje, Kao 1 3a EMUCH]Y YIibeH-AMOKCMAA Ha HuBOY Cpbuje,
KopuwheHe Ccy NoBpLUMHe 1 OpOj 3rpafa 13 KnacTep aHa-
nu3e. Ha oBaj HauvH fobujeHe BpeaHOCTU MOry Ce CMa-
TpaTV penpeseHTaTVBHMM 3a Leny 3emiby, a y Cknagy ca
KBanuTeTOM JOOMjeHVIX yna3HX nofaTtaka.

Y Tabenun 18 pate cy obpadyHate eHepruje: noTpeod-
Ha, MICNOopyYeHa 1 NPYMapHa, Kao 1 eMncurja yribeH-au-
oKCMAa 3a cBe Wkone 1 BpTuhe Ha Teputopmjn Cpbuje
3a nocTojehe, OAHOCHO NPOJEKTOBAHO CTakbe, Kao 1 TpK
HMBOa yHanpehetrba 3a rpejarbe U NpUNpemMy CaHuTapHe

0 MpuHUMNK NpopadyHa objallHeHn Cy y nornassby 4.5

® KapakTepucTuke TnoBa, ofabpaHnx NpeacTaBHnKa v
NpPOpPaUyHN EHEPreTCKUX nepdopMaHcK aati cy'y Krbzm 2 1
Krbunsn 3

7.SCHOOL AND KINDERGARTEN BUILDINGS:
THE POTENTIAL TO INCREASE ENERGY
PERFORMANCE AND REDUCE CARBON DIOXIDE
EMISSIONS

In Serbia, building energy performance is assessed
according to the Rulebook on energy efficiency of build-
ings, which presently categorizes buildings upon the
heating energy demand exclusively, while other forms
of energy are not included in the total calculation.® The
energy required for domestic hot water preparation and
lighting is calculated only using tabular values for the
building net floor area. The heating energy demand for
the selected type representatives of school and kinder-
garten buildings was calculated accordingly.’” The cal-
culations for primary energy consumption and carbon
dioxide emissions included the energy demand for do-
mestic hot water preparation and lighting.

The calculations for the current condition and the
three levels of improvement were made upon the per-
formance of the following:

Thermal envelope

Thermo-technical systems

Electric power systems.

The characteristics of the selected representative
model buildings defined by cluster analysis were used in
the calculations, and the estimates for Serbia’s overall en-
ergy demand and carbon dioxide emissions were made
using the number and the area of buildings obtained by
clustering. The values thus obtained can be considered
representative for the whole country, and are contingent
upon the quality of the input data.

Table 18 shows the calculations for the required, de-
livered and primary energy consumption as well as car-
bon dioxide emissions for the heating and domestic hot
water preparation systems for all schools and kindergar-
tens in the territory of Serbia for the current condition
and the three levels of improvement. Each improvement

¢ The calculation principles are explained in Section 4.5

® The characteristics of types and selected representatives as
well as calculations for energy performance are given in Books
2and3
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Tonne Bofe. CBakW HMBO yHarlpeheH:a o6y><BaTa apxun-
TEKTOHCKE Mepe KOjl/lMa ce |'|O6OJ'bLLIaBajy KapakTepuncTn-
Ke TepMMYKOrr OMOTa4a 3rpage n mepe nobosbliarba Tep-
MOTEXHNYKNX CNCTEMAa.

Tabena 18. YKynHo noTpebHa, ncnopydeHa v npuMapHa
eHepruja, Kao 1 emmcrja yribeH-AnoKCuaa CBIX WKona
nBpthay Cpbuju 3a noctojehe cTarbe v TpU HKBOA

yHanpeherba 3a rpejarbe 1 npunpemy CTB

level includes the architectonic measures undertaken to
increase the performance of the thermal envelope and
the thermo-technical systems.

Table 18.Total required, delivered, and primary energy with
CO, emissions for heating and DHW preparation in all schools
and kindergartens in Serbia for the current condition and the
three levels of improvement
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foctojehe crarbe 7.368.104 143718 73,68 1.974,59 1.849,74 512.747
Current condition
Yranpeheroe 1 7.368.104 974,54 73,68 1357,43 1333,19 384270
Improvement 1
Yranpeberee 2 7.368.104 558,41 73,68 784,17 699,09 207.978
Improvement 2
Yranpeherse 3 7.368.104 37730 7368 156,53 39134 207411
Improvement 3

Y Tabenu 19 nate cy BpeHOCTH 3a eHeprujy 3a ocse-
T/berbe 1 TO 3a NOTPeOHY eHeprijy U NpYMapHy eHeprijy.
Y ncToj Tabenu n3payyHate Cy 1 BPeAHOCTU 3a emMUCU)y
YIIbeH-AnoKcmnaa. MNpopauyHu cy ypahenn 3a noctojehe
CTakbe W TpU pasnumunTa HMBOa yHanpebherba. Tpeba unc-
Tahv fa BpegHOCTY fiaTe y Tabenu, Kao KapakTepucTrka
TWMNa OCBET/bErbA KOje Ce KOPUCTY, HE 3aBUCe Of apXi-
TEKTOHCKMX KapaKTepuCTVKa 3rpaje M KapakTepncTuka
FbEHOr TePMMYKOT OMOTaua, Beh camo npate npuHumMne
0OHOBE Of] jeAHOCTaBHWjMX TEXHOMOLWKYIX pelletba Ka ca-
BPEMEHW]UM U EHEPreTCKMN ePUKACHU]UM.

Table 19 presents the values calculated for the re-
quired and primary energy as well as carbon dioxide
emissions for the lighting system for the current condi-
tion and the three levels of improvement. It should be
noted that the values given in the table for the lighting
system performance do not depend on the architecton-
ic characteristics of the building or the performance of
its thermal envelope but only follow the renovation prin-
ciples, from simpler to more up-to-date and energy effi-
cient technological solutions.
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Tabena 19. YkynHo notpebHa v nprmapHa eHeprija Kao n
emMVCcHja YITbeH-ANoKCMAa CBUX LWKona v BpT1ha y Cpbuijn
3a nocTojehe cTarbe 1 TP HYBOA yHanpeherba cuctema
ocBeT/berba

Table 19.Total required and primary energy with CO,
emissions for the lighting system in all schools and
kindergartens in Serbia for the current condition and the three
levels of improvement
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[m?] [GWh/a] [GWh/a] [tCO/al
MocTojehe CTatbe 7368.104 5188 17134 56,270
Current condition
YHanpeherse 1 7:368.104 21,09 69,59 22873
Improvement 1
YHanpeherse 2 7.368.104 20,56 67,84 22326
Improvement 2
YHanpeherbe 3 7.368.104 19,56 64,53 21,162
Improvement 3

7.1 MoTpebHa eHepruja

Cabuparbem BpefgHocTv 13 Tabena 18 m 19 3a no-
TpebHy eHeprujy 3a rpejarbe, NpUNpemMy CaHuTapHe To-
nne Bofde W OCBeT/behe fobuja ce yKynHo noTpebHa
eHepruvja 3a CBe LUKOMCKe 3rpaje v 3rpade npeawKkon-
CKmx ycTaHoBa y Cpbujn. ObpadyHu cy aatu 3a noctojehe
CTakbe Kao ¥ 3a CBa TpW HUBOA yHanpehera paHuje ae-
durHmcaHa. (Tabena 20)

YKOAMKO Ce 13BpLUIK ynopehrBarbe npopadyHaTnx u
peanHux BpeaHOCTU (3a 0bjeKTe KoA Kojux mocToje Aoc-
TYNHW Nofauu) youaBajy ce NpUMeTHa Hecnarakba Bpea-
HocTn. OCHOBHM Pasfor 3a OBakBe pesynTaTe je nocse-
anua nprimerbeHe MeTofosorvje npopadyHa. Kao wro je
HarnalweHo, CB1 MpopavyH Cy 13BpleHr npema [pa-
BUIHWKY O eHepreTckoj eprKacHOCTM 3rpafa, Koju nof-
pa3ymeBa [1a Ce 3arpeBa LenoKynHa NoBpLUMHa 3rpage
n 1o 6e3 npeknaa 3arpesarba (HONy, BYKEHAOM, Npas-
HMLMMA, TOKOM 3MMCKOT pacnycTa). Metogonoruja npu-
MehbeHa Y TpaBUNHKKY je pasBujeHa Kako bu ce morne
nopeaunTv 3rpafe 6e3 yTuLaja HaunHa 1 fyKMHe Tpajatba
rpejatba Kao jeAHe Of KapaKTepucCTWKa MoHallarba
KOpMCHMKA. Takohe, npopadyH NojefHOCTaBIbEHOM,

7.1 Energy demand

The sum of the values for the energy required for
heating, domestic hot water preparation and lighting
from Tables 18 and 19 represents the total energy de-
mand for all school and kindergarten buildings in Ser-
bia. The calculations for the current condition and for the
three levels of improvement are given in Table 20.

The comparison between the calculated and the fac-
tual values (for the buildings with available data) reveals
marked discrepancies, mainly arising from the calcula-
tion methodology applied. As it has been emphasized
earlier, all calculations were carried out according to the
Rulebook on energy efficiency of buildings, which as-
sumes that the entire building floor area is heated with-
out interruption (at night, weekends, holidays, or during
the winter break). The Rulebook methodology was de-
veloped in such a manner that the buildings could be
compared regardless of the heating manner or duration,
as these depend on user behavior. Besides, the simpli-
fied, quasistationary calculation method used to define
the standard temperatures does not distinguish be-
tween thermal zones with different space functions, so
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KBa3MCTaLMOHAPHOM METOLOM, KOjy AeduHMLIE NPaBUA-
HWK, He Mpeno3Haje pasnuunTe TepMuuKe 30He Aedu-
HUCaHe MPOoMMCaHNM TemnepaTtypama y 3aBUCHOCTU Of
HameHe NPOCTOPWja, TaKo fa Ce XOAHMLW, CTeneHnwTa
M YUNOHWMLE TPETVPA] MCTOM YHYTPALLFOM MPOJEeKTHOM
Temnepatypom. CroxeHvje MeToae NpopadyHa 1 CUMy-
nauvje, vako Aajy pesyntate npubnvKkHuje U3MepeHnm
BPeAHOCTMMA, 300r KOMMAEKCHOCTW Huje Moryhe Ko-
pUCTUTY 3apaf AeduHUCarba TMnonoruje. Victpaxyje ce
onTUMM3aumMja fobMjeHrX pe3ynTata NpUMeHoM GakTo-
pa KopeKuUuje, ann 0Ba UCTPaXKMBarba joW Cy Y MOYETHO]
daswn (Kagpuh, Knekosuh et al. 2018; Pajuvh, Paguneoje-
suh, Enesosunh, 2015).

Tabena 20. YkynHo noTpebHa eHeprija 3a rpejarbe, CTB u
pacseTy 3a cse Wkone 1 sptuhe y Cpbuju

that the corridors, stairs and classrooms are treated with
the same projected indoor temperature. Due to com-
plexity, the more sophisticated methods of calculation
and simulation could not be used to define the typol-
ogy although their results would be closer to the meas-
ured values. Further optimization of the obtained results
using the correction factor has been investigated, but
these studies are still in the initial phase (Kadri¢, Zivkovi¢
et al, 2018; Rajci¢, Radivojevi¢, Elezovic, 2015).

Table 20. Total heating, DHW, and lighting energy demand in
all schools and kindergartens in Serbia
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[GWh/a] [GWh/a] [GWh/a] [GWh/a]
MocTojehe crarbe 143718 7368 518 1.562,74
Current condition
YHanpehetse 1 9.754,54 73,68 21,09 1.069,31
Improvement 1
YHanpehetbe 2 55841 73,68 20,56 652,65
Improvement 2
YHanpehere 3 377,30 73,68 19,56 470,54
Improvement 3

MNopeherbem foOMjeHVX pe3ynTaTa MoXe Ce KOHCTa-
TOBATV [1a je KpO3 yHanpeherba 3rpafia WKona v npeaL-
KONCKMX yCTaHOBa Moryhe ocTBapuTH BennKy ywTteay y
YKyNHOj NoTpebHoj eHeprujn. (MadunkoHn 5 v 6)

YKynHa noTpebHa eHepruja ce Kpo3 pasnmnymte H1Boe
yHanpeherba MoXxe cMarbUTH Ha 68% kof yHanpehersa 1,
42% kop yHanpehera 2, Ha camo 30% npBobUTHe 13pa-
yyHaTe NoTpebHe eHepruje 3a Haj3axTEBHUjW 1 HajoOUM-
HWj1 B1A yHanpeherba, yHanpebherse 3.

The comparison of the obtained results indicates
that significant savings in the total energy demand are
achievable by the improvements of school and kinder-
garten buildings (Figures 5 and 6).

Thus, the total energy demand could be reduced
to 68% of the baseline calculations with Improvement
1, to 42% with Improvement 2, and to as low as 30%
with Improvement 3, as the most comprehensive set of
measures.
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lpadukoH 5. MoTpebHa eHepruja 3a rpejarbe, Npunpemy CTB u
ocBeT/berbe 3a e WKone n Bptrhe y Cpbujn [GWh/a]

noctojehe cTarbe existing condition

yHanpeherbe 1T improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

MpadukoH 6. YkynHa noTpebHa eHepruja 3a rpejarbe, npunpemy
CTB 1 ocBeT/berse 3a cge Wwkone n sptuhe y Cpbuju [%]

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

yHanpehere 3 improvement 3

Ha MpadvikoHy 7 aaTo je NpoLeHTyanHo CMakserbe no-
TpebHe eHepruje 3a rpejare 3a noctojehe CTare 1 TpU
HMBOa yHanpeherba, anu camo y OAHOCY Ha NOTPebHy
eHeprujy 3a rpejarbe kof noctojeher cTama 3rpaga. Ha
OBO CMakbetrbe eHeprije yTuudy, UCKIbyunso, Mepe 0bHO-
Be TEPMNYKOr OMOTaYa 3rpage, na je eB1AEeHTHO fa NpBa
[Ba TWMNa apXMTEKTOHCKMX Mepa OMMCaHKX y yHanpeherby
11 2 cmarbyjy NoTpebHy eHeprujy 3a rpejakbe 3a oko 30%,
[IOK Haj3axTeBHUjY, 3. 06NMK yHanpeherba, CMarbyje no-
TpebHy eHeprujy y oaHoCy Ha yHanpeherse 2 3a oko 12%.
Ha ocHoBY OBWX aHanM3a, Kao 1 KPO3 aHann3y TPOLLKOB-
He ONTUMaNHOCTU NpefBuheHVX Mepa, Tpeba TPaXUTL 1
HauvHe v obnnke obHOBE 3rpaja LWkona v BpTvha Koju
he ce npuMer1BaTH Y MpaKcu.

MpadukoH 7. YkynHa noTpebHa eHepruja 3a rpejatbe 3a cee
wkone v Bptuhe y Cpoujn [%)]

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

yHanpehere 3 improvement 3

VIHTepecaHTHO je aHanM3MpaTh 1 Kako Ce Merbajy,
ca yHanpehernma, 1 mMehycobHM ofHOCK MOTPeBbHMX

o

Figure 5. Heating, DHW and lighting energy demand for all
schools and kindergartens in Serbia [GWh/a]
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Figure 6. Total heating, DHW and lighting energy demand for
all schools and kindergartens in Serbia [%)]
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Figure 7 presents a percentage reduction in the re-
quired heating energy for the current condition and the
three levels of improvement but only with respect to the
heating energy demand for the building current condi-
tion. This reduction is achieved solely by the measures
to improve the building thermal envelope, so it is evi-
dent that the first two sets of architectonic measures de-
scribed in Improvements 1 and 2 reduce the heating
energy demand by approximately 30%, while further ap-
proximately 12% reduction is achieved by Improvement
3 relative to Improvement 2. These considerations, to-
gether with the analysis into cost optimality of the pro-
posed measures, should be the base for seeking further
approaches to renovation of school buildings and kin-
dergartens that will be applicable in practice.

Figure 7. Heating energy demand for all schools and
kindergartens in Serbia [%)]

100

67,81
38,85
26,25

It is interesting to analyze how the mutual relation-
ships among the types of energy demand also change
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eHepruje. Ha Mpadukorrma 8, 9 1 10 NpwrkazaHu Cy noje-
AMHAYHO MPOLEHTYaNHN OfHOCKU MOTPEebHUX eHepruja
3a rpejarbe, CaHUTapHy TOomly BOAY W OCBET/beHEe Y Of-
HOCY Ha YKynHy noTpebHy eHeprujy 3a oBe HamMeHe 3a
noctojehe CTarbe 1 TpW HMBOA yHanpehera.

lpadukoH 8. MoTpebHa eHepruja 3a rpejarbe 3a CBE WKOSE 1
BpTvhe y Cpbujn y oaHoCy Ha yKynHy notpebHy eHeprujy [%]

noctojehe cTame existing condition
yHanpehere 1 improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

Kako Hajsehu aeo ykynHe notpebHe eHepruje YnHm
ynpaBo noTpebHa eHepruja 3a rpejarbe, OHa ¥ KPo3 CBa
yHanpeherba OCTaje AOMUHAHTHU €0 YKymnHe noTped-
He eHepruje. Mnak, rbeH yaeo ca nobosbliarbem Tepmmy-
KMX KapaKTepuCTnKa 1 nobosbluarbem cMcTema rpejatba
onaga ca 92%, koa noctojeher cTarba 3rpada, Ha 80%
3a Tpehn 1 HajobumMHKj1 HMBO pexabunuTaumje 3rpaga
LIKOSa W fieumjux yCTaHOoBa.

MoTpebHa eHepruja 3a rpejatbe CaHWTapHe Tomnne
BOfle je MO CBOjOj BpeAHOCTU KOHCTaHTHa, byayhu aa 3a-
BMCW CaMO Of MOBPLMHE 3rpaje; NpopauyH je ypaheH
y CKknagy ca Bakehom perynatvsom. MehyTum, y pena-
TVBHOM MPOLEHTYaNHOM OfHOCY Yy4delhe noTpebHe
eHepruvje 3a NpuUnpemMy CaHuTapHe Tonne BoAe, Y YKyn-
HOj NOTPebHOj eHeprujK, pacTe Of HeWTo Marbe of 5%
Kop noctojeher cTarba fo Npeko 15% kop Tpeher HMBOa
yHanpehersa.

lpadwikoH 9. MoTpebHa eHepryja 3a npunpemy CTB 3a cBe
wkone v Bptrhe y Cpbuju y 0aHOCY Ha YKynHy noTpebHy
eHeprujy [%]

noctojehe cTare existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2
yHanpeherbe 3 improvement 3
Kana je noTpebHa eHepruja 3a pacBeTy y NuTakby, ca
MAaHNPaHNM yHanpe’F)ermma HbeHa BPeAHOCT CTa/lHO
onafa. MehyTum, y penatmBHOM OAHOCY, NpemMa YKymnHoj

noTpebHOj eHeprujy, NPoUeHTyanHe BPeaHOCTN HeMajy
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with the improvements. Figures 8, 9 and 10 show the re-
spective percentage relationships of heating, domestic
hot water and lighting energy demand relative to the
total energy demand, for the current condition and the
three levels of improvement.

Figure 8. Heating energy demand for all schools and
kindergartens in Serbia, relative to total energy demand [%]

91,97
91,14
85,56
80,19

Although the share of heating in the total energy
demand is predominant in all improvements, it still de-
creases from 92% for the current condition to 80% for Im-
provement 3, after thermal performance of the building
and the heating system have been upgraded.

In the calculations made in accordance with the cur-
rent regulations, the energy required for DHW prepara-
tion is constant as its value depends solely on the build-
ing area. However, shown as the relative percentage
ratio, the share of energy demand for domestic hot water
preparation in the total energy consumption grows from
slightly below 5% for the current condition to above 15%
for Improvement 3.

Figure 9. DHW energy demand for all schools and
kindergartens in Serbia, relative to total energy demand [%]

n 471
[ 6,89

mm 2
1566

With regard to the energy required for lighting, its
value constantly decreases with the proposed improve-
ments. However, in terms of the relative relationship to
total energy demand, its percentage values do not show
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TpeHa onadarba, Beh ce Hajmarbe yuewhe gobuja Kog nNp-
BOr cTeneHa yHanpebhera, a Hajgehe Kog nocnefrer,
r€ je apXMTEKTOHCKMM Mepama ApacTUYHO CMakbeHa Mo-
TpebHa eHepruja 3a rpejarse. (MpadukoH 10)

MpadukoH 10. MoTpebHa eHeprija 3a OCBET/bEHE 3a CBE WKOSE
v BpTUhe y Cpbujn y OQHOCY Ha yKyMNHY NOTpebHy eHeprujy (%]

noctojehe cTame existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2
yHanpehere 3 improvement 3
7.2 icnopyueHa (dnHanHa) eHepruja

Kana je ncnopyueHa, To ject duHanHa eHepruja y nu-
Takby, Moryhe je aHanmaupat edekte yHanpeherba Ha
MCTU HauunH. Koa obpaydyHa durHanHe eHepruje, Kog ocse-
T/berba, heHe BPeAHOCTM Cy U3jefjHaueHe ca NoTpeOHOM
eHeprujom, byayhu aa ce 3a 0By HameHy KOPUCTU UCKIbY-
UMBO eNeKTPUYHa eHepruja, Tako Aa cy aobujeHe Bpef-
HOCTW YKyMHe 1CropydeHe eHeprije HacTane Kao 36up
NCMIOpYyYeHe eHepruje 3a rpejarbe 1M CaHWUTapHy Tony
BOAy M MoTpebHe eHepruje 3a ocseTberbe. (Tabena 21,
MpadukoH 11)

Tabena 21. VicnopyueHa (rHanHa) eHepruja 3a cee WKone u
spTrhe y Cpbuju

a declining trend. Rather, it has the lowest share for Im-
provement 1 and the highest for Improvement 3, in
which heating energy demand is drastically reduced by
the architectonic measures (Figure 10).

Figure 10. Lighting energy demand for all schools and
kindergartens in Serbia, relative to total energy demand [%]
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7.2 Delivered (final) energy

The effects of the improvements on delivered, or fi-
nal, energy consumption can be analyzed in a similar
manner. As only electricity is used for lighting, the calcu-
lation values for final lighting energy are equal to those
for energy demand. Therefore, the values for the total fi-
nal energy were obtained as the sum of the heating and
DHW energy delivered and the lighting energy required
(Table 21, Figure 11).

Table 21. Delivered (final) energy for all schools and
kindergartens in Serbia
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[GWh/a] [GWh/a] [GWh/a]
Moctojehe crarbe 1974,59 51,88 202647
Current condition
YHanpehere 1 135743 21,09 137852
Improvement 1
YHanpeherbe 2 784,17 20,56 804,73
Improvement 2
YHanpeheree 3 156,53 19,56 176,09
Improvement 3
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Ha ocHoBy [aTux mopataka Moxe Ce KOHCTaTo-
BaTM Aa Ce YKyMnHa MCnopydeHa eHeprija ca CBaKum
yHanpeherbeM KOHCTAHTHO CMarbyje M [a je OOHOBOM
3rpafa Wwkona v BpTrha, Koje obyxeaTajy 0bHOBY Tep-
MWYKOT OMOTaua 3rpafe ann u yHanpeberbe cucTe-
Ma rpejarba ¥ OCBeT/berba, Moryhe ocTBapuTy 3HaTHe
ywrene.

lpadukoH 11. VicnopyueHa (rHanHa) eHeprija 3a rpejarbe,
npunpemy CTB 1 ocBeT/berbe 3a CBe WwKose v Bptuhe y Cpbuijn
[GWh/a] (%)

nocTojehe cTarbe existing condition

yHanpehetbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

Ha TpaduvkoHy 12 aatv Cy MpOUEHTYanHW OfHO-
1 YKyMHe nucnopydeHe (GuHanHe) eHepruje 3a Tpu HU-
BOa yHanpehera y OAHOCY Ha M3padyHaTy YKYmMHy uc-
nopyyeHy eHeprujy 3a 3rpafle y noctojehem cCTarby.
CBa Tpu HWBOa MpensubeHux yHampeherba yTudy Ha
OUTHO CMatbere MCnopydeHe eHepruje. MNpBYM HUBO-
oM yHanpeheha 1crnopydyeHa eHepruja ce cMarbyje Ha
68%, Apyrim 3a farbux 28% n n3Hocw 40% NpBobUTHE
BpenHocTN. Tpehun HajobumHMj 06K 0OHOBe 3rpaja,
yHanpeherbe 3, CBOAM WCMOPYYeHy eHeprujy Ha cse-
ra 9% of cnopyudeHe eHepruje Koa noctojeher ctaka
3rpaga.

lpadukoH 12. VicnopyueHa (rHanHa) eHeprija 3a rpejarbe,
CTB v ocBeT/betbe 3a CBe Wkone v BpTuhe y Cpbujn y ogHoCy
Ha YKynHy ncnopyueny (drHanHy) eHeprujy y noctojehem
cTarby [%]
noctojehe cTame existing condition
yHanpeherbe 1 improvement 1
yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3
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The given data suggest that the total delivered energy
is constantly reduced with every set of improvement
measures and that significant savings can be achieved
by the renovation of schools and kindergartens that in-
cludes upgrading the thermal envelope and the heating
and lighting systems.

Figure 11. Delivered (final) heating, DHW and lighting energy,
for all schools and kindergartens in Serbia [GWh/a] (%)
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Figure 12 presents the percentage relationships be-
tween the total delivered (final) energy for the three lev-
els of improvement and the calculated total delivered
energy for the current condition of buildings. Significant
reductions in the delivered energy are achieved by each
of the three levels of proposed improvements. Improve-
ment 1 reduces the delivered energy to 68%, Improve-
ment 2 adds further 28% reductions and amounts to
40% of the baseline value. Finally, Improvement 3 reduc-
es the delivered energy to 9% of the value for the current
building condition.

Figure 12. Delivered (final) heating, DHW and lighting energy
for all schools and kindergartens in Serbia, relative to delivered
(final) energy for the current condition [%]

I |00

I 68,03
I 3971
m 8,69



School and Kindergarten Buildings — A methodological framework for the formation of typology and the improvement of energy efficiency

'y OBOM Clyuajy MHTepecaHTHO je carneaaty 1 noje-
OMHAYHM  yTUUQ) NOjednHNX CermeHata MCnopydeHe
eHepruje, y oBom cnydajy rpejarba 1 CTB (MpadurkoH 13)
1 ocBeT/berba (MpadmkoH 14) 1 HIXOB YAEO Y YKYMHOj 1C-
NopyyeHoj eHepruju.

MpadukoH 13. VicnopyueHa (GrHanHa) eHepruja 3a rpejarbe 1
CTB 1 3a cee wkone n Bptrhe y Cpbujn y OAHOCY Ha YKyMHY
ncnopyueHy (GuHanHy) eHeprujy no yHanpehersiima [%)

noctojehe cTare existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

MpadukoH 14. VicnopyueHa (G1HanHa) eHepruja 3a oceeTberbe
3a cse wkone v BpTuhe y Cpbujn y OAHOCY Ha YKyMHY
ncnopyydeHy (drHanHy) eHeprujy no yHanpehersvma [%]

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

Ca lpadukoHa 13 1 14 moxe ce carnegaTn aa je oa-
HOC MCMOopyYeHe eHepruje 3a rpejarba v Npunpemy CaHw-
TapHe Tonne Bofe nNpemMa UCMopyyeHoj eHepruju 3a oc-
BeT/berbe NMPUOAVKHO KOHCTaHTaH 3a MocTojehe cTarbe
3rpafe v yHanpehera 1 1 2 1 kpehe ce NpubAMKHO
OKO BpeaHocTv 98:2. HacynpoT ToMe, KoA yHanpeherba
3 yyewhe ncnopydeHe eHepruje 3a rpejarbe 1 CTB Ha-
F0 onaja, a UICNopyyeHa eHeprija 3a oCBeT/berbe pac-
Te fo ogHoca 89:11. OBakBa MpomMeHa OAHOCa MOXe ce
06jacHWTN Kpo3 AeduHNCarbe yHanpeherba 3 Koju 0byx-
BaTa BEOMa 3axTeBHe Mepe OOHOBE TEPMUYKOT OMOTaua
3rpage v edrKacHe cucTeme rpejatba U npunpeme caHu-
TapHe Tonne BoAe, AOK C/IMUYaH HMBO Mobosbliarba Kop
OCBeT/berba Huje Moryh.

7.3 MNpumapHa eHepruja
CnnyHe aHanu3e cnpoBefeHe Cy W Kafa je yKyn-

Ha NMprMapHa eHepruja y nuTarby. Ha v3padyHate spea-
HOCTW, MOPen aPXMTEKTOHCKMX Mepa O6HOBE Koje Cy

Again, it is interesting to examine the specific effects of
final energy segments, particularly heating and DHW
(Figure 13) and lighting (Figure 14), and their share in the
total final energy consumption.

Figure 13. Delivered (final) heating and DHW energy for all
schools and kindergartens in Serbia, relative to total delivered
(final) energy, by improvements [%]
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Figure 14. Delivered (final) lighting energy for all schools and
kindergartens in Serbia, relative to total delivered (final) energy,
by improvements [%]
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Figures 13 and 14 suggest that the ratio of final en-
ergy consumption for heating and domestic hot water
preparation to final energy consumption for lighting is
rather constant in the range of approximately 98: 2 for
the current building condition and for Improvements 1
and 2. On the contrary, with Improvement 3, the share
of final heating and DHW energy drops sharply, while it
rises to 89:11 for final lighting energy consumption. This
change of ratio can be explained through the definition
of Improvement 3, which involves comprehensive reno-
vation measures for the thermal envelope and the sys-
tems for heating and domestic hot water preparation,
while a similar level of improvement is not possible to
achieve for the lighting system.

7.3 Primary energy
Similar analyses were conducted for total primary en-

ergy. In addition to the architectonic renovation meas-
ures that definitely resulted in reducing the heating

89



3rpane LKONCKUX U NpedlKONCKMX yCTaHOBA — METOAOIOWKN OKBUPD d)opMmpaH;a TI/II'IOJ'IOI'I/Ije 1 nobosbluarba eHepreTcke ed)l/lKaCHOCTl/\

nmane NpecyfHy ynory Ha cmakberbe notpebHe eHep-
rvje 3a rpejarbe, yTmuy U MHCTaMCaHW CMCTEMI TepMO-
TEXHUYKMX MHCTanaumja 1 cuctemn ocBeT/bersa. (Tabena
22, TpadurkoH 15 1 16). TpeHA0BM 1 OHOCK KOju CY KOH-
CTaTOBaHW KOA MCMOpyYeHe eHepruje, 3appkann cy ce
1 Kof npumMapHe eHepruje. MpumMeTHO je fa ce yuewhe
npumMapHe eHepruje y YKymnHoj NpUMapHOj eHeprujn ca
cBakmmM cneaehmm yHanpeherem nosehaga. 3a oBy noja-
BY Objallitberbe je 1aTo paHuje.

Tabena 22. YkynHa nprMapHa eHepruja 3a cee Wwkone 1 sptrhe
y Cpbuijn

energy demand, the calculated values were also influ-
enced by the installed thermo-technical and lighting
systems (Table 22, Figures 15 and 16). The trends and re-
lationships observed for delivered energy also apply to
primary energy. It is noticeable that the share of primary
energy in total primary energy increases with each sub-
seguentimprovement. The explanation for this phenom-
enon has been given earlier.

Table 22. Total primary energy for all schools and kindergartens
in Serbia
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[GWh/a] [GWh/a] [GWh/a]

MocTojehe CTarbe 184974 17134 2021,08

Current condition

YHanpeherbe 1 133319 69,59 1402,78

Improvement 1

YHanpehetbe 2 699,09 67,84 766,93

Improvement 2

YHanpeherse 3 39134 64,53 455,87

Improvement 3

lpadukoH 15. YKynHa NpviMapHa eHeprija 3a cee Wkose 1
BpTuhe y Cpbuju [GWh/a]

noctojehe cTare existing condition

yHanpeherbe 1 improvement 1

yHanpehere 2 improvement 2

yHanpeherbe 3 improvement 3

lpadukoH 16. YKynHa NpumapHa eHepritja 3a Cae WKoNe U
spTrhe y Cpbujn y ogHocy noctojehe cTarbe [%]

noctojehe ctarbe existing condition
yHanpeherbe 1 improvement 1
yHanpehere 2 improvement 2

yHanpeherbe 3 improvement 3

Figure 15. Total primary energy for all schools and
kindergartens in Serbia [GWh/a]

rpejarbe 1 CTB
heating and DHW

OCBET/bEHE
lighting

500
1.000
1.500
2.000
2.500

Figure 16. Total primary energy for all schools and
kindergartens in Serbia, relative to current condition (%)
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YKynHa npriMapHa eHepruja ce cMmarbyje ca CBakuM
cTeneHoM yHanpehera. Y ogHOCY Ha nouyeTHo noctojehe
cTarbe (100%) cmatbyje ce Ha npubnukHo 70% kod np-
BOr yHanpeherba, Ha NprbnmKHO 38% Koa Apyror 1 Ha
26% kop Tpeher, HajoOUMHWjer 1 Haj3axTeBHMjer HMUBOA
yHanpeherba.

lpadwkoH 17. MpumapHa eHepruja 3a rpejarbe n CTB 3a ce
wkone v Bptuhe y Cpoujn y OBHOCY Ha YKYMHY NpUMapHy
eHeprujy nNo yHanpehersma [%)]

noctojehe crame existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 18. MprmapHa eHepruja 3a ocBeT/berbe 3a CBe
wkone v Bptuhe y Cpoujn y OBHOCY Ha YKYMHY NpUMapHy
eHeprujy nNo yHanpeherma [%)]

noctojehe cTame existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

YKOAMKO Ce aHanm3unpajy nojegnHadHo yyewha npu-
MapHe eHepruje 3a rpejarbe 1 CTB, 0AHOCHO NpuMapHe
eHepruje 3a OCBeTIbeHE Y OAHOCY Ha YKYMHY NpUMapHy
eHeprujy, 3a noctojehe cTake 3rpaga wkona v sptrha n
33 TPW pa3nnymTa HUBOA yHanpeheha, MOXKe Ce 3aKiby-
unTK Aa MehycobHn oaHOC Bapupa v Kpehe ce y OKBU-
py 4%, ocvm kof yHanpehersa 3. Kog oBor, HajobumHmjer
1 Haj3axTeBHWjer, yHanpeheta, rae Cy NpeTnocTaB/beHe
3HayajHe MHTepBeHUMje Ha TEPMNYKOM OMOTaudy U WMH-
CTanncarbe ePUKaCHMX TEPMOTEXHUYKNX CUCTEMa, Yaeo
NpVIMapHe eHepruje 3a OCBET/bere Nerbe Ce Ha NPeKo
14%, C 0631POM Ha TO [la CUCTEM PaCBETe HE MOXE [1a Of-
roBOPV Aa/blM yHanpeherma.

Total primary energy decreases with each level of im-
provement. Compared to the baseline current condition
(100%), it is reduced to approximately 70% for Improve-
ment 1, to approximately 38% for Improvement 2, and to
26% for Improvement 3.

Figure 17. Primary heating and DHW energy for all schools and
kindergartens in Serbia, relative to total primary energy, by
improvements [%]
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Figure 18. Primary lighting energy for all schools and
kindergartens in Serbia, relative to total primary energy, by
improvements [%]
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If analyzed relative to total primary energy, the re-
spective shares of primary heating and DHW energy
and primary lighting energy for the current condition of
school buildings and kindergartens and for the three lev-
els of improvement indicate that their mutual relation-
ship varies within 4% except for Improvement 3. With
this most comprehensive set of improvement measures,
in which significant interventions on the thermal enve-
lope as well as the installation of efficient thermo-tech-
nical systems are proposed, the share of primary lighting
energy rises to over 14%, as the lighting system is not
conducive to further improvements on an equal scale.
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7.4 EMucumja yribeH-gnokcmaa

AHanm3a aobuvjeHnx nofaTaka, Kaja je emmncuja yribeH-
AMOKCUAA Y MUTakby, MoKasyje HewTo gpyravnje pesyi-
TaTe WTO Mnokasyjy Tabena 23, MpadukoHn 19 n 20. Cea
yHanpehetba AOBOAE [O CMarberba emucuje y OAHOCY
Ha Mo4YeTHO CTarbe (MPOojeKToBaHy, OAHOCHO nocTojehy
3rpafy), anv yHanpeherse 2 v yHanpeherse 3 aajy
nopjeaHake BPEAHOCTV emucHje YIbeH- OMOKCMAA Ha
roAvLWHEM HMBOY. AKO je eMucHja KOL NMOYETHOT CTakba
100%, eMmcKja ce CMarbyje Ha NPUbAMKHO 72% Kop np-
BOr yHanpeherba, a Aarba yHanpehera, apyro 1 Tpehe,
[0BOfe [0 CMarberba Ha oko 40% y OAHOCY Ha MpBO-
O6uTHY emncnjy. Objallirberbe 3a UCTY BPeAHOCT emumcuje
YIibeH- AVOKCMAA KOA APYror yHanpeherba nexu y npo-
MeHV Tuna eHepreHTa®.

AHanv3a nojefVHauyHVX YyTWUaja, C jeAHe CTpaHe
rpejarba 1 Npunpeme CaHWTapHe TOMJe BOLE M OCBe-
T/berba Ca jpyre CTpaHe,y OBOM Clyyajy Huje paheHa, Oy-
Ayhu fa ce y NOTNYHOCTM 3aApKaBajy TeHAeHLMje KOH-
CTaTOBaHe KOA UCMOpyYeHe 1 NpUMapHe eHepruje

Tabena 23. YkynHa emncuja yribeH-A1oKCMAa 3a CBe WKone v
spTrhe y Cpbuiju

7.4 Carbon dioxide emissions

The analysis of the data obtained for carbon dioxide
emissions shows slightly different results (Table 23, Fig-
ures 19 and 20). All improvements lead to reductions in
emissions, relative to the current condition of a designed
or existing building, but the annual values for carbon di-
oxide emissions for Improvements 2 and 3 are the same.
If the baseline emissions are taken as 100%, the emis-
sions are reduced to approximately 72% with Improve-
ment 1, whereas Improvements 2 and 3 produce a re-
duction of approximately 40%. The explanation for the
same carbon dioxide emission value for Improvement 2
is the change in the type of energy source.®

The particular influences of heating and DHW prepa-
ration on the one hand and lighting on the other were
not analyzed for carbon dioxide emissions, as the ten-
dencies are consistent with those found for delivered
and primary energy.

Table 23.Total CO, emissions for all schools and kindergartens
in Serbia
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fMoctojene crarse 512.747 56.270 569.017
Current condition
Yranpeheroe 1 384270 22.873 407.143
Improvement 1
Yranpeherse 2 207.978 22326 230.304
Improvement 2
YHanpeherbe 3 207411 21162 228573
Improvement 3

52 BUOETN KOHKPETHE MprMepe Ha penpe3eHTMa TUMoBa Yy
Kro13m 2 n Kronizm 3

%2 See concrete examples for type representatives in Books 2
and 3
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MpadukoH 19. YkynHa emmcmja yribeH-AnoKCmUaa 3a CBe WKome

n BpTuhe y Cpbujn [t/al

noctojehe crame existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

MpadukoH 20. EM1cuja yribeH-anoKCm1Aaa 3a CBe LKOoSe 1
BpTvhe y Cpbujn y ogHOCY Ha emmncujy y noctojehem cTary

3rpaga [%]

noctojehe cTame existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

Figure 19.Total CO, emissions for all schools and kindergartens
in Serbia [t/a]
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Figure 20. CO, emissions for all schools and kindergartens in
Serbia, relative to current condition emissions [%]
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