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

1.YBOJ

HectambeHe 3rpage umHe oKo 25% yKynHOr GoH-
na wsrpaheHnx 3rpaga y Esponckoj yHuju'. OBaj 3Ha-
uajaH Aeo rpahesuHcKor GoHAa ce, 3a pasnuKy of cer-
MeHTa CTambeHMX 3rpafja uuja je CTPyKTypa penaTnsHo
XOMOreHa, OANKYje W3Y3eTHO BESIMKOM TUMOMOLWKOM,
eHepreTckomM W MaTepujanHom pasHonwmkowny. Pasnu-
YnTe MO CTAPOCTU, BENNUUHN, NOBPLVHM, MPUMEHbEHNM
KOHCTPYKTUBHUM 1 MaTepUjalHM pellerimMa, y3 vec-
Ty NPUMEHY CITIOXKEHNX TEXHOMOLWKMX 1N MHCTaNaLMOHMX
cucTema, HecTambeHe 3rpafe npefcTasrbajy KOMMiek-
CaH cermeHT rpaheBMHCKOr GOHAA Koju 3axTeBa nocebaH
NPUCTYN y NPOyYaBarby 1 TPETMaHy.

' npema nopaumma EBponckor MHCTUTYTa 3a nepdopmaHce
3rpapa (BPIE Building Performance Institute Europe). V13gop:
Atanasiu B, Despret C., Economidou M., Maio J,, Nolte I, Rapf
0. (2011) Europe’s buildings under the microscope: A country-
by-country review of the energy performance of buildings.
Buildings Performance Institute Europe (BPIE)

6

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 npovisee-
fleHe eHepruje, o vera 25% npunaga CekTopy HecTam-
6eHunx 3rpafa. VctoBpemeHo, HectambeHe 3rpage cy vy
nopeherby ca CcTambeHVM, MHAMBKAYANHO NOCMaTPaHo,
3HaTHW NoTpoWwayu eHepruje. lNogaum ykasyjy fa ce y He-
CcTambeHOM CeKTOpY, padyHajyhu cse noTpebe, y npoce-
Ky Tpowu oko 280 kWh/m? duHanHe eHepruje, WTo je
40% BULLIE HErO WTO je NPoCeYHa NOTPOLHA CTaMOEHMX
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 KOMUuMHe
eHepruje, CMarbWTX 3aBUCHOCTU Off, Hajuelhe YBO3HMX,
eHepreHaTa 1 pefyKoBaTh eMUCUja LITETHUX racoBa.

MpadukoH 1. OAHOC NOTPOLWHE eHeprije Y jaBHOM U
CTambeHOM ceKTopy?

25% 64%
jaBHM 06jeKkTH
public buildings

75% 36%
cTambeHu 6710KoBY 1%
apartment blocks

CTambeHn objekTn
residential buildings

3apaj jacHujer pasymeBarba CTPYKType YKymnHOr
rpaheBuHCKOr doHAaa, HEONXOAHO je AedrHMCcaTH WTa ce
nofpasymMesa rog jaBH1UM (HecTambeHnMm) 0bjeKTVIMA WTO
je npuvkazaHo 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%  KomepuMjanHu cagpxajn
commercial buildings

23%  nOCnoBHW 06jeKTU
office buildings

17%  o6jekTn obpa3oBatba
educational buildings

11%  xoTenu v pecTopanu
hotels and restaurants

7% OonHuLe
hospitals

4% CMOPTCKN 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

yyewhe y NOTPOLWHW eHeprije HecTambeHor cekTopa®

in energy consumption?

TProBWHa Ha Mano 1 BeNnKo
28%

Wholesale and retail buildings
28%

nojefinHauHe paatbe, TProBauky LeHTpu, pobHe Kyhe,
npofasHyiLe, Nexkape, NPoAaBHMLE 1 NepUoHKLEe ayTomMobuna,
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 3rpafie, y NPVBaTHOM 1 APXaBHOM BNACHULUTBY,
ONWTMHCKe 3rpajie, oCcTane aAMUHIUCTPATVBHE 3rpaje, 3rpaje
nowTa

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

3rpazie 0bpasoBHYIX UHCTUTYLMja
17%

Educational buildings

17%

OCHOBHE, Cpefitbe, BULLE LWKONE, GaKynTeTn, UCTpaxyvBaduke
NHCTUTYUMje 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, Kadbew, KaHTrHe, Kaden y OKBMpY
nocnoBarba
Hotels, restaurants, taverns, cafes, canteens, office cafeterias

6onHuue 7%
Hospitals 7%

[ipaBHe v npueaTHe 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, 6a3eHu, 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
nnycTpauuje 13 gomahe npakce from local practice
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3Hauvaj nepdopMaHCH jaBHMX 3rpaja je BEOMa BESINKM
1 ctora nHcTUTyT BPIE y CBOM NpoyyYaBakby OBOT CermeH-
Ta rpaheBMHCKOr GOHAA CYMapHO HaBOAM U pa3nore He-
OMXOAHOM MPUCTYNaHa OPraHW30BaHOM WCTPaXKKBakby
jaBHWX 3rpafa yornwTe, 3apag popmrparba jeanHCTBe-
He Knacudukaumje 1 Tunonorunje. Tunonoruvja 6w, fasme,
noCnyKvna Kao OCHOB 3a Aasba MCTpaxkMBatkba eHep-
FeTCKUX KapaKTepUCTMKa OBOr CermMeHTa rpaheBuHCKor
doHAa, MpBEHCTBEHO KPO3 Mobosbluatbe eHepreTcke
edrKacHOCTY, NOTOM MCIUTUBaHEe MOryhrx HauMHa du-
HaHCMparba NpefsrheHnx MHTEPBeHUMjA, dopmMparbe
notpebHe MOAUTUYKE OCHOBE, ank 1 HEOMXOAHE eflyKa-
Lmje CBMX yUYecHMWKa y npoLecy.

[lakne, pa3Boj TMNoNOrMje jaBHVX 3rpaga npencra-
Bfba MonasuwTe byayher paga y oBoj 06nacTu, ann Hu-
Kako [OBOSbHO Beh camo jeflaH of YmMHMNaua Kojem ce
MOpa MocBeTUTH nocebHa Makra 3apaj AeduHMcarba
CBeobyxBaTHOr NMPUCTYNa TpeTMaHy rpaheBUHCKOT GOoH-
fa. EHepreTcka edUKacHOCT ce, Tako, MOXe CMaTpaTh 3a-
MajLieM YKYMHMX aKTUBHOCTW, a Koje obyxBaTajy pasnuuu-
Te dpaze:

+ [Mpukyn/barwe nopataka: MoTpebHO je ycknaguTu
HalWOHanHe cucTeMe MpUKyr/barba MojaTaka Be-
3aHMX 33 eHepreTcky edUKACHOCT 3rpafda 1 obesbe-
OVTI FbMXOBY JOCTYMHOCT. To 61 3HauMno fa je He-
OMXOHO YBeCTM 0baBesHy M3pady cepTudurkata o
eHepreTckvm neppopmMaHcama 3rpafa (eHepreTcKmx
macola) 3a CBe jaBHe 0bjeKkTe, Kao v yHOC nofaTtaka
y oarosapajyhy 6a3y. lNoTtom je noTpebHo Nose3atu
pasnnunTe CrcTeMe M3BeLLTaBaba, LWTo 61 omoryhu-
no Kpewvparbe oarosapajyhe 6ase peneBaHTHMX no-
fataka. OBfie ce MPBEHCTBEHO MWCAM Ha 6asy Koja
HacTaje Kao pe3y/TaT eHepreTcKor MeHalMeHTa, To
ject EMWAC (EMIS-Energy management information
system) 6a3y Kojy je kpenpao YH[M (UNDP).

+ [yt o6bHOBe: NOTPEOHO je KPo3 perynaTtney yCTaHo-
BUTU Mepe obHoBe rpaheBMHCKOr GpoHAa 3rpada v
YCTaHOBWTW MyTeBE W AYrOpPOYHe CTpaTeruje 3a roui-
XOBY peanu3aunjy Kpos feduHUCarbe KPaTKOPOUHMX
M [YrOPOYHUX LWSbEBA, KAO U HAUMHE MOHUTOPUIH-
ra v u3BeLITaBaka O NOCTUrHYTUM pesyntaTima. He-
OMXOfHO je pa3paanTV NnaHoBe 3a 06UMHY OOHOBY
3rpaja Koju yKIbyuyjy v perynaTtopHe v drHaHcujcke

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 MHGOpMUCarbe. HaumoHanHn umn-
rbeBv Tpeba fa ce 6a3npajy Ha HauMOHANHUM GUHAH-
CUJCKUM 1 TeXHUYKMM NOoTeHUWjanma, a ninaH obHo-
Be pa3Buja off 0OHOBe Ha A0OPOBO/BLHOj OCHOBK Ka
obasesyjyhvm mepama.

OuHaHcMparbe: OCHVBarbe nocebHor ¢oHAa 3a
06MMHY OBHOBY (BE3aHOT 3a HeKy pPa3BOjHY OaHKy)
33 pasnuumMTe TMNOBE 3rpaja, Kako 61 ce NMoHyaMna
Pa3HOBPCHa 1 dnekcbuHa pellera 3a CBe MHBEC-
TUTOPE, Ca MUHUMANHUM 3axXTeBMMa KOA YBONeha
Mepa Koje ce cCMaTpajy TPOLIKOBHO OMTUMANHUM.
Pa3Boj HOBMX GMHAHCKJCKMX MHCTPyMeHaTa Morao
6V fa mHMUMpa Behe ynarare NPMBaTHON CeKTopa
Kpo3 obe3beherbe npenopyka, npomMounjy npume-
pa f[obpe Npakce v CTUMYNUCake CapaHe Ha CBUM
HUBOMMA.

[pXaBHa MOAUTUKA: eNUMUHKUCATV CBe TRXKUWHe
npenpeke Yy npoleaypama obvmHe obHoBe rpahe-
BMHCKOT GOH[A 3rpaja W pas3BUTU perynatopHe, du-
HaHcKjcKe, 0bpa3oBHE, MPOMOTUBHE MakeTe ca jac-
HM MaKPOEKOHOMCKMM NMPeAHOCTVMA.

Mpahetbe 1 NogpLuKka: HEONXOAHO je GpopMMparbe
cncTemMa npaherba, oleHe KeanuTeTa v pesynaTarta,
Kao 1 MOApLIKe yBeJeHUM mMepama 3a CBe MakeTe
KOju MoApagajy 0bVMHY OOHOBY.

EMLU: yHanpeanty 1 OCHaXkWTW 13aaBarbe cepTudu-
KaTa 1 Bplietbe eHepreTckux nperneaa. Ha osaj Ha-
YMH MOXe Ce NOoACTaNM TPXKMLITE HEKPETHMHA 1 CTU-
MynncaTh M3rpadhba 1 0bHoBa 3rpaja.

JaBHM cekTOp: Tpeba ocurypatv Aa jaBHW CeKTop
uma Boaehy ynory y obHoBM 3rpada (y cknagy ca
Oupektneom EY 1 Obase3ama npema EHepreTckoj
3ajegHMUM). Ha OBaj HaUMH MOKPEHYTO TPXKULLITE Tpe-
6a Aa pesynTyje U CMarbeHEM LIEHA 3a YK/byUlBarbe
NpWBaTHOr CEKTOPA.

Obyka 1 egyKauwja: yHanpeauT BelTnHe 1 3Harba
y CBVM efleMeHTVIMa Be3aHMM 3a npoLec obHoBe
U3rpafite eHepreTckin eprKacHUX 3rpafa.
Mpomouwja: M3BPLINTL CBEOOYXBATHY MNPOMOLIN]Y
LUWSbeBa, MexaH3ama 1 nprmepa Aobpe npakce Wi-

3rpane LWKONCKUX U NpedlKONCKMX yCTaHOBa — METOAOIOWKN OKBUPD d)opMleaH;a TMHOHOFMje 1 nobosbluarba eHepreTcke ed)l/lKaCHOCTl/\

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-
tisein 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 NMybam1LK, TO jJeCcT MHCTUTYLUMjaMa Koje ce 6aBe  * Directive 2012/27/EU of the European Parliament and of the

rasfoBat-em rpaNeBrHCKIM GOHAOM.
Lnpwn 3Hauaj cekTopa jaBHMX 3rpada je M3y3eTaH 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 oArosapajynm eBponcknm AMpeKTy-
Bama Koje VX AeGUHMLLY Kao 3rpafie Koje Ce KopucTe v
Cy Y BNACHWLWITBY LieHTpanHe Bnage, a OpeKBeHTHO 1x
KOPUCTK WKpa jaBHOCT. Npema [upekTvisn’, ose 3rpase
6v Tpebano aa Oyay Npumep WKUPOj jaBHOCTM 360r Ha-
rnaliaBarba 3Hauaja NuTarba eHepruje 1 TpeTmMaHa oKpy-
Kehba 1 PeloBHO MoAJIexy NOCTYNKy cepTrduKaLymje.

1.2 Knacudumkauwja 3rpaga jaBHe HameHe y fomahoj
perynatusu

Mpema [MpPaBUAHMKY O eHepreTckoj ePuKacHoCTM
3rpaga’, cBe 3rpage Cy nofesbeHe y ykymnHo 10 KaTero-
pvja, 0ff KOjuX Cy NpBe [Be CTambeHe 0K Cy OocTane He-
CTambeHe. lNpelysHuje, y CekTopy HecTambeHux 3rpaaa
PasNnNKyjemo:

+  YNpaBHe 1 NOC/IOBHE 3rpaje

+ 3rpafe HamerbeHe 06pasoBarby U KynTypu

+  3rpafe HamerbeHe 34PaBCTBY M COUMJANTHOj 3aWTUTY
+ 3rpafe HamerbeHe TYpU3My 1 YrOCTUTE/bCTBY

+  3rpafe HamerbeHe CnopTy W pekpeaumjm

+ 3rpafe HamerbeHe TProBUHM U YCITYKHUM

[enaTHoOCTVMa
+  3rpafe MeloBuTe HaveHe
+ 3rpafje 3a Apyre HaMeHe Koje KOpUCTe eHeprujy

Oa nofena 3rpaja je rotoso y Lenoctu ycknahera
ca knacvdurraumjom fatom AnpekTrnsom EBponcke yHuje
13 20105, y3 pasnvky Koja ce ornefa y nocTojarby 3rpaaa
MELLOBUTE 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
° MpasunHuk 3epada o eHepeemckoj eqpukacHocmu, Criyx6eHu
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 YCNIOBVMA, CaAPKMHN U HauMHY 1303~
Batba CcepTUdMKaTa O eHEPreTCKMM CBOjCTBMMA 3rpajda’
y unaHy 14, 3rpafje jaBHe HameHe ce, AeTalbHuje, aedu-
HULY Kao HecTambeHe 3rpafe Koje KopucTe opraHmn ap-
aBHe ynpase, OpraHn ayTOHOMHMX MOKPajuHa, opra-
HW NIOKalHe Camoynpase, MHCTUTYUMje W YCTaHOBE Koje
npy»ajy jasHe yciyre v 3rpage gpyrux jasHux HameHa,
nocnoBHe 3rpafge 3a obaB/barbe agMUHUCTPATUBHMX
NOC/I0Ba NPaBHWMX 1 GU3NUKMX IULLA:

1. 3rpaje opraHa [ApKaBHe YnpaBe, ayTOHOMHMX
NOKPaj1Ha, jeAvH1La NoKanHe CaMoynpaBe;

2. 3rpafie NpaBHUX N1UA C jaBHUM oBRawherbnma;

3. 3rpage CydoBa, Ka3HEHO-MOMPaBHMX — YCTaHOBA,
3rpage Koje KOpUCTM MMHUCTApCTBO HaNeXHO 3a
nocnose onbpaHe;

4. 3rpage MehyHapOAHUX WHCTUTYUWja, KOMOPa, Npw-
BPEAHMX acoumjaLivja;

5. 3rpafe 6aHaka, WTeavoH1Ua 1 ApYrX GUHAHCUICKIX
opraHmsaunja;

6. 3rpaje TProsuHa, pecTopaHa, XxoTena;

7. 3rpage NyTHUYKKX areHumnja, MapmHa, ApYrmx yCinyx-
HVIX 1 TYPUCTUYKMX A€NATHOCTY,

8. 3rpaje Kene3HunyKor, NyTHOr 1 BasayWwHor caobpahaja,
3rpaje NowWTa, TenekoMyHMKaLMOHVIX LieHTapa;

9. 3rpafie yHvBep3uTeTa 1 3rpafe Wwkona, BpTuha, jac-
NMLa, CTYAEHTCKUX 1 haukmnx JOMOBa, 3rpaje AOMOBa
3a CTapuje ocobe;

. 3rpafe CNOpPTCKMX ApYLUTaBa 1 opraHu3almja, 3rpage
CropTa v pekpeauuje;

11. 3rpafie KynTypHUX HameHa — B1UOCKOoMK, MO30PULLITS,
My3eju, ranepuje, KoHUepTHe ABOpaHe;

. 3rpafle HamerbeHe 34PaBCTBEHO-COLMjaNHOj 3alTu-
TV, Kao ¥ 3rpajle HamerbeHe pexabunutaumjm.

Moxe ce BnaeTv aa cy nojefjMHe Kateropuvje fetarn-
HWje carnefaHe, anv fa ce CYLUTUHCKM He Merba OCHOBHaA
noaena 3rpaga.

7 [paguiHUK o U Ha4YuHy yci08uMd, 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, MNpaBunHnKom o knacndvikaumjv obje-
KaTa® Koja je u3paheHa 3a noTpebe aeduHUCaHa CTPYK-
Type 1 cafpaja NPojekTHe AOKyMEHTaLUMje HeONXoaHe
3a cnpoBsoherbe objeanrbeHe npouenype’ ypaheHa je
JeTasbHa Knacudukaumja 3rpaga. M koa ose Knacuou-
Kalyje NpBYX HEKOMMKO KaTeropuja (3) umHe ctambeHe
3rpaje ca jeiHVIM CTaHOM, [1Ba UNK BULLIE CTAHOBA, 3rpaje
3a CTaHOBarbe 3ajefH1La, 10K Cy HeCTambeHe 3rpage no-
nerbeHe y cnenehe kateropuje:

« XOTenu 1 CnyHe 3rpage

-« MOC/OBHE 3rpaje

.+ 3rpafie 3a TProBWHY Ha BENVKO U Masno

-+ 3rpafe 3a cacbpahaj 1 KoMyHMKalvje

« WHOYCTPWjCKe 3rpafie W CKnaguiiTa
«3rpafie 3a KyITYPHO-YMETHWUUKY AenaTHOCT 1

3a6aBy, 0bpasoBarbe, OOMHNLE 1 OCTasne 3rpaje 3a

3APaBCTBEHY 3aLUTUTY
-« oCTane HecTambeHe 3rpage

Kateropuja ,3rpage 3a KynTypHO-yMETHUUKY Aenat-
HOCT v 3abaBy, obpasoBarbe, OOMHMLE 1 OCTane 3rpaje
3a 34paBCTBEHY 3alITUTY" 0OyxBaTajy:

+ 3rpafe 3a KynTypHO-YMETHWUKY AenaTHOCT 1 3abaBy
« My3eje n bubnmoteke
+  LIKOJICKE 3rpaje M 3rpaje 3a HayYHOWCTPaxMBayke

[enaTHoOCTH
+ BosHMLe 1 oCTane 3rpafe 3a 3APaBCcTBEHY 3alUTUTY.

Cee pate knacvdrKaumje Npeno3Hajy kao jeaHy of
HajuelNunx KaTeropuja — 3rpafje HameHeHe LIKOSCTBY.
Hacynpot Tome, 3rpafie HamerbeHe 3a feunje yCTaHoBe
HUCY 13ABOjeHe y nocebHy rpymy, Beh ce Hanase y rpy-
naumjv 3rpafia HaMereHoj 30paBCTBY W COLMjanHoj 3all-
TMTW. VI3y3eTak npefcTtas/ba Knacudwkaumja y oKBUpy
[MpaBuiHMKa O YCIOBUMA, CaApPXMHWU M HauynHy 13[a-
Barba CepTVdMKaTa O eHepreTCKUM CBOJCTBMMA 3rpaja,
TAe Ce y OKBMPY KaTeropwuje LKONCKMX 3rpaja Hanase
3rpage Aeuvjux BpTMAA, TO jecCT 3rpafe y kojuma ce oba-
B/ba NPEALLIKONCKO obpa3oBartbe (jacnuue, BpTvhn).

8 [lpasunHuk o knacugpukayuju objekama, Cryx6eHu 21acHuK
Peny6rnuke Cpbuje 6p. 22/2015

° [lpasunHuk 0 nocmynky cnpogoherva objedurbeHe npoyedype
€/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, i.e. 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 Y OKBMPY MOA3aKOHCKMX akaTa, Kao 1 Ha OCHOBY eB-
POMCKNX AVPEKTIBA, JaBHUM 3rpajama ce Mory cMaTpaTu
OHe Koje cy focTynHe sehem 6pojy moyawn. akne, 3rpage
HamereHe 06pa3oBakby, a TO Cy WKOMe 1 yCTaHOBe Ae-
yuje 3aLWTuTe, NPMNaaajy jaBHMUM 3rpadama v NpeameT cy
Haler fasber UCTpaXkMBarba.

MocTtojehe knacvdurkaumje He Npyxajy rotToBO Hw-
KakBe MHGoOpMaLmje noTpebHe 3a dpopmrparse TMNO-
flornje WKOMCKMX 3rpafia, TO JeCT 3rpaja Koje Kopucte yc-
TaHOBE fleuvje 3alITWTe, U CarnefaBak-e KBanuTeTa OBOM
Aena rpahesuHckor ¢oHAa MO KapakTepucTMKama Koje
YTUUY Ha HeroBy eHepreTcky edrkacHocCT. Kako 6u ce
YTBPAMNE peaniHe eHepreTcke KapakTepucTuke 3rpada,
UCIWTaNU MOAANUTETI HUXOBE OOHOBE (CMarberbe MoT-
POWHE eHepruje, TO jecT eMuncnje yribeH-aroKc1aa) y3
MCTOBPEMEHO MoaM3arbe HUBOa Komdopa KOPUCHMKA,
HeonxoAHo je dopmmpaTtit oaroBapajyhy metoponorujy
aHanv3e Kao npeayc/oB CTBapakba TUMONOrvje oBe Bp-
CTe 3rpafda. Y OCHOB 3a Pa3Boj MeTogonoruje yrpaheHo
je UCKYCTBO UCTPAXKMBAYKOT TIMA KOjU je Paamo 1 Ha 1c-
TpakvBarby 1 CTBaparby HaunoHanHe Tunonoruje ctam-
6eHuix 3rpaaa’”.

Ycnea nporpamcKmx pasnmnymuTocT Koje nocToje 13-
mehy oBa [1Ba CermMeHTa 3rpafla HamerbeHrx 0bpasoBakby
W CoUMjanHoj 3aWTUTK Aelle / AeumnjM yCTaHOBama, a 1c-
TOr METOAOMOWKOT NPUCTYNA Y NPVIKYNIbakby NofaTaka 1
FoVIXOBOj 0OPaAN, aHaNM3M Kao ¥ NpopadvyHMa, Y1TaBa
CTyAMja, Kao 1 TUNOJSOWKa KNacuduKaLumja, NofebeHa je
Ha Tpw fena:

« Krbura 1 32pade wKoackux u npedwKoaCKUX ycma-
HOBA — MemMOoOOJIOWKU OK8UP (hopMuparea muno-
Jio2uje U noborewarea eHepeemcke egpukacHocmu
obyxBaTa aHanv3y NPOMmca Koju ce ofjHOCe Ha OBe
TVMNOBe 3rpafja, objalirbaBa METOAONOWKM NPUCTYM
M npe3eHTyje feduHWCaHe TUMNOMOWKe MaTpw-
ue. Takohe, y oBom feny CTyauvje, Npe3eHToBaHM cy
pe3ynTaTi npopadyHa yHanpeherba eHepreTckumx

'%Jogarosuh Monoswh M, Urisatosuh [. (yp), (2013).
HayuoHanHa munonoeuja cmamberux 32pada Cpbuje/
National Typology of Residential Buildings in Serbia, beorpag,
APXUTEKTOHCKM GakynTeT YHuBep3wuTeTa y beorpaay 1 GIZ
(nBOje3MUHO V3aatbe)

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 eHEPIUjI, Ka0 U CMarberbe eMncuje yribeH- au-
OKCMfa Koje Ce Ha Taj HauMH NOCTUKE 3a TepuUTopujy
Peny6nuke Cpbuje (y cTyamjn Huje obyxsaheHa Tepw-
Topwja Kocosa 1 MeToxwje).

Krbura 2 Tunosnoazuja WKOCKUX 32pada Koja je noc-
BeheHa WKONCKUM 3rpafama, Aaje nmpuHuMne u
orpaHmyersa npv Gopmmparby TUMOMOLLKE MaTpu-
Le wkona, AedrHmCcaHy MaTpuLy, Kao u mpopady-
He eHepreTCKMX KapakTepucTvka 3a ofabpaHe Tu-
nosoLwke penpeseHTe. [1popayyHn eHepreTckmx
nepdopMaHCK Cy M3BPLLEHN Yy CKnafy ca Bakehom
perynatvsom, y3 AedrHucCare npenopyka 3a mno-
bosbliarbe eHepreTcke edrKacHOCTH 3rpaja. Y OBOM
Cnyyajy cy, 3a pasnnky of HauvoHanHe Tvnonorvje
CTambeHux 3rpaga, yHanpehersa npeasunheHa Kpo3
Tpu Moryha HMBOa npumeHoM ofroBapajyhux na-
KeTa mepa. Vmajyhv y BMAYy NpYMEH/bUBOCT MeTo-
fonoruje, y3eta Cy y 0031p TeXHWUUKO-TEXHONOLWKa
pelletba NpunaroheHa KapakTepucTMkama 3rpaga
1 MOryRHOCTVIMA TPXMLLTA, TO JeCT EKOHOMCKMM MNa-
pameTpuma. 3a CBe HMBOEe yHamnpehetrba M3paduyHaT
je noTeHuujan penykumje noTpebHe eHeprvje 3a
rpejarbe, TO jeCT CMarberba eMUCHje YribeH-ANOKCU-
113, KaKo 3a NojefjMHayHe TUNOBE Tako M 33 LieNIOoKy-
MaH cermeHT rpaheBuHcKor GoHAa Ha HvBoy Peny-
6nvke Cpbuje.

Kroura 3 Tunosoeuja 32pada npedwKoackux ycma-
Hoea je noceeheHa 3rpafama Koje KopucTe ycTaHo-
Be [leynje 3aWTnTe 1 UMa UCTY CTPYKTYPY W Cafpaj
Kao n Krbura 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 U3rPARE WKONCKUX 3rPAJA U YCTA-
HOBA EYMJE 3AWUTUTE

2.1 lkoncke 3rpage

AHanvsnpajyhu o6pa3oBHM NPOLLEC Ca CTAaTUCTUYKOT
acnekTa, Moxemo pehn fia ce nog nojMom WKona nog-
pasymeBa 06pa30BHO-BaCMUTHA YCTaHOBa WM [pyra je-
AVHVUA Koja 0baB/ba OOPAa30BHO-BACMUTHY AenaTHOCT
OCTBapVBar-eM HaCcTaBHOr MaHa 1 nporpama, 6e3 063u-
pa Ha TO Aa vt je pey O CamOCTasHOj LUKOMM U NOAPYY-
HOM Ofiefbetby OCHOBHe WKone. OCHOBHO 0bOpasoBatbe
Tpaje ocam roanHa. OCHOBHe WKone Mory 6uTn opraHu-
30BaHe Kao YeTBOpOpaspefHe, NetopaspenHe, WecTo-
pa3pedHe (HemoTnyHe) 1 ocmopaspeaHe (NoTnyHe) oc-
HOBHe WKone (MeTononowko objalrberbe Penybnnukor
3aBOfa 33 CTaTUCTUKY)'!

OcHoBHa Mofena HvBoa obpasoBatba KOJy MOXe-
MO YCBOJUTN Ce OLHOCK Ha: MPEefWKONCKM, WKONCKN,
CPEAHOLWKONCKN 1 BUCOKOLIKONCKM HNBO, Of KOjUX CBa-
K1 nocenyje n3pasnte cneyndruHoOCTY, Kako ca acrnekTa
opraHu3aLuje obpa3oBHOr NpoLieca Tako v ca acnekTa
NPOCTOPHO-MaTepujanHux noTpeda.

Ob6pa3zoBHW MpoLec Yk/bydyje rotoBo 18% nonyna-
umje. Mpema nogaumma 3a wkoncky 2013/2014. roauHy, y
06pa3oBHM Npolec je brnno ykbydeHo 1 285 054 nuua'.
Op Tor 6poja, y NpeALIKONCckom obpa3oBarby y4ecTBOBa-
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 oa 1970. roanHe) nofaum cy
npukasaxn y Tabenw 2.

' Peny6nvka Cpbuja Peny6nmuki 3aBog 3a CTAaTUCTUKY,
meTofonowWKa objalmetba: http://webrzs.stat.gov.rs/WebSite/
Public/MethodologyHelp.aspx?IndicatorlD=110201INDO1&sA
reas=false

12 Peny6nvka Cpbuja Peny6nmuki 3aBog 3a CTAaTUCTUKY,
CTaTUCTMYKM rofaulbak, 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, HyMepuyKm Nokasatesby 3a CBe HUBOE the period 1970-2015, numerical indicators for all levels of
obpa3osarba'’® education'’®
HaCTa‘BHO ocobrbe YueHuun/crygenT
Teaching staff Pupils/students
C nyHUM pagHM Koju cy 3aspwmnu
fognHa Opervetrsa 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 88 643 69112 1177 225 186 108
2007. 42 634 89372 69014 1153782 189678
2008. 42 570 94 196 71143 1158774 198 310
2009. 42 366 95611 71084 1118133 197738
2010. 40 849 97 857 64 974 1107 215 203752
2011, 39250 98 184 64 941 1097 780 198 396
2012. 37636 100137 64 951 1101172 199120
2013. 37012 99 556 63790 1095 750 194 579
2014, 37016 100339 63477 1082433 190817
2015. 36932 101 063 63402 1077 044 193128
OcHoBHO
Obpasosaree 26.004 54770 32361 566 296 68 888
Primary
education
Cpeproe
Obpasosaroe 10928 30634 17163 259586 73914
Secondary
education
Buncoko
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 cncTemMa

Moyewum MHCTUTYLMOHANHOT NpoLeca obpasoBarba y
Cpbuijv natnpajy 13 11.1 12. BeKa, Kafla Cy NpK KaTonmy-
KM MaHacTipuma y Tuteny v bauy, y gaHawmoj Bojso-
AVIHW, OCHVBaHe npse WKone. Obpasoatbe ce oABMjano
vy MaHacTprma Cprcke npaBocnasHe Lpkse: Conoha-
HUMa, MNehkoj natpujapwmjn n CryaeHuun. Mocne naga
CPMCKe CPefrbOBEeKOBHE [pXKaBe, Y jy»KHIM KpajeBrma
je npolec obpa3oBatba rOTOBO Yy MOTMYHOCTM ObycTa-
B/beH. [Mocne Bennke ceobe y Ayctpujy 13 1690. roavHe,
Cpbu cy ce Hawnu Nof BEAVIKMM NPUTUCKOM KaTonwmy-
Ke upkBe 1 6e3 MKaKBMX MpaBa Ha LUKOMOBakhe Ha Ma-
TeprbeM je3nky. Tek 1727. roanHe pobuja ce 403BOMa Aa
Ce MOry OCHWBATW LWKOMe, anu Huje 61no obpasoBaHmx
1 0ByYeHWX Sbyan Koju 6v cnpoBoanan 0bpa3oBatse Te
je 3aTpaxeHa nomoh of Pycuje 13 koje fonase yuutessu
Makcum CysBopos 1 kacHuje [letap Cysopos (1721).
Mpea CnasjaHcKka Wkona obpa3oBana je nosasHrke Ha
PYCKOC/IOBEHCKOM je3KKy. KacHuje, npodecop EmaHyen
Ko3aumHcku (1733) ocHmBa CnaBeHCKO-NAaTUHCKY WKOY
(Collegium slaveno-latino carloviciense), Npsy NoTAyHy
rumHasmje kon Cpba. ABpam Mpasosuh je 1. maja 1778.
rognHe, y Combopy, OCHOBAO CPMCKY OCHOBHY LWKOMY
,Hopma’, HajcTapujy yCTaHOBY 3a 0bpa3oBatbe yunTesba
3a CJIOBEHCKO CTaHOBHUMLITBO Ha jyry Espone. Kapso-
Baukn mutpononut CresaH CrpaTumuposuh je nocne
BULLErOAMLLHMX Hamopa ycneo fa Aobuje opgobperbe
o[ Minnpcke [BOPCKe KaHLenapuje 3a ocHMBarbe Cpnc-
Ke rumHasmje 11. oktobpa 1791, WTo Cce cmMaTpa [aTyMOM
OCHMBarba rMmMHasunje y Cpemckim Kapnosumma'. Yc-
NoCTaB/beHW c1McTem obpasoBatba ce ybp3aHo pasBuja
Te ce TOKOM 19. BeKa Mpexa WKOoMa WMPK 1 YCoXKHbaBa
Ha uenoj Teputopujn Cpbuje.

[MPBM 3aKOH O perynmcary WKONCTBa, YCTPOjerbe 0C-
HOBHWX LLIKONA, 06jaB/beH je 1844."° ronnHe, NoToM Cefie

'“YcTopwjaT Kapnosauke rnmHasuje (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 rogunHe 1881. 1o obja-

B/beH v [paswna o rpaherby WKoMa 1 0 HamelLUTajy WKos-

CKOM'®, BOKYMEHT KojuM ce ypehyjy npasuna rpahersa.
OBMM NpasuAMMa Cy jacHO AedUHUCAHM NONOXaj U

CTPYKTYpa LWKOMCKe 3rpaje, 00K, BENUUMHA, NONoXaj

1 opujeHTaumja yuroHuLe, anv v ogpehexn matepujanu

1 enemeHT Of KOjWX Ce 3rpada rpagn, Ynume je npsu nyT

Y MCTOPWjU CPMCKOT LKOMCTBA, Ha NOCPeAaH HaumnH, Of-

peheH KBanuteT koMdOPa, anv U TePMUUKe KapaKTepmuc-

TVIKe 3rpage.

MpaBunHUKOM je yTBpheHo aa:

+ 3rpafja Mopa OuUTW Ha 34paBOM TepeHy, yaasbeHa Of
ynuue HajMakse 7 m ca npeadaltom

+ 3rpafa mopa 61TV 3ufaHa of YBPCTOr MeTepujana ca
NOAEOHVIM 31MA0M M3MeNy yunoHWLa febrbrnHe Makap
jenHe oneke paaum 3By4He 13onauuje

+ YUMoHuMUe Tpeba fla UMajy jy»KHYy opujeHTauujy (koa
Behvx 3rpaja je AO3BO/bEH MpaBall U jyromcCTOK,
jyrosanap)

«  OVIMEH3Mje YYMOHMLE Ce orpaHnyaBajy Ha aykuHy 10
m v WUpKUHY 7 M (NoxerbaH ogHoC 3:5), BUCKHY Haj-
Matbe 3,5 m, anu ce yClIoB/baga [Aa Ha CBAKOT y4YeHN-
Ka fona3n M1H 1,5 m?, To jecT 6poj yueHrKa ce orpa-
HV4aBa Ha 45.

«  MpO30pKW MOCenyjy Hajmarbe MOBPLUMHY KOja OAro-
Bapa 1/4 nospluvHe nofda KOA 3aceHYeHMX JSloKa-
umja, ofgHocHo 1/6 kopa cnoboaHocTojehurx 3rpapa,
NPaBUAHOr Cy ObAMKa ¥ MOCTaB/bajy Ce Ha BUCUHY
LWKOJICKE KJyMe, Tako Aa CBETIOCT [ofla3n Ca fese
CTpaHe, ABOCTPYKM CY, YETBOPOAEHW; Marbkl TOpHN
NpPO30pK Ce 0TBapajy OKO AOHE XOPU3OHTaIHE OCO-
BMHe Kako 61 ce obesbeamna fobpa BeHTWNaLwja
CBEXMM Ba3yXOM KOju Ce ycmepaBa Ka miadoHy.

1% 3aKkoH ycmpojcmaa ocHo8HUX wikona, KHexxesnHa Cpbuja,
3acTynHUK MUHUCTPa NpocBeTe 1 UPKBEHUX Aena MuHMCTap
drHaHcuja K. Llyknh, 1863.

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

18 [Ipasuna o epaberby WKoA U Hamewmajy WKO/ICKOM,
MwuHmncTapcTeo npocgete KHexesnHe Cpbuje 1881, MuHMcTap
Cr. Hoakoswh

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]

7 Schools 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]
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Tokom 20. BeKa AioHeT je Beh 6poj 3aKOHa 1 NPaBUIHNKA
KOjW Cy Npeum3HO AeduHMCan CTPYKTYPY LIKOMA, Kao U
FbVIXOBE KapaKTepUCTHKe.

2.1.2 3akoHcKa perynatuea Cpbuje

3aKoHCKa perynaTnea koja obpahyje TemaTuky LWKo-

NOBakba W WKOMCKMX 3rpafla Ce MOXe CBPCTaTV Y BlLLe

Kateropuja:

1. 3aKOHM

2. NPaBUIHMLM (3a NPOjeKTOBarbE WKOMCKMX 3rpaaa)

3. MPaBWIHALM KOjU PErynully eHepreTcky edwkac-
HOCT 3rpaja (WKoncke 3rpafe Mopajy 3afoBOSbUTH
CBe YC/I0Be Kao U 3rpajie pyre HameHe, oK ce Npo-
M1CaHW HUBO eHepreTcke edrKacHOCTY 1CKa3yje Ha
nocebHom popmynapy HameHeHOM 3rpafiama 3a 0b-
pa3oBatbe 1 KynTypy)

3aKOHCKMM aKTMMa je, MPeBacxoAHo, AedUHMCaH Ha-

YMH GYHKUMOHWCarba 0BPA30BHUX UHCTUTYLMjA, HKXO-

Be CTPYKTYpe, HMBOA U CneundunuHoCTL. Ycnes pasnv-

YMTOCTU 1 [PYLWITBEHOr 3Hayaja CrcTeMa 0bpa3oBarba,

NOCe6HM 3aKoHW Cy nocseheHn OCHOBHOM 1 CPEAHOLL-

KONCKOM BacnuTarby M obpa3oBakby'® OAHOCHO BMCO-

KOLWKONCKOM 06pa3oBakby™.

[lenatHoCT 06pa3oBatba M BaCruTakba Ce CTora Moxe
pa3aBojUTY Ha:

1. NpeawKoncKo BacnuTarbe 1 06pa3oBarbe —
NpeaWwKonCcKa yCTaHoBa;

2. OCHOBHO LLIKOSICKO BacMu1Tarbe 1 06pa3oBarbe —
OCHOBHa LLIKOJa, OCHOBHA LLKOSa 33 06pa3oBatbe
0flPacNX, OCHOBHa My3M4Ka, OAHOCHO BaneTcka
LIKONa 1 OCHOBHA LWKOa 33 06pa3oBarb-e yueH1Ka ca
CMeTHbama y pasBeojy;

3. CpearOLWKONCKO BacMuUTake 1 0bpa3oBarbe —
cpefrba WKoMa, rmMHasnja (onwTa n cneumjanvsosa-
Ha), CTPYYHa WKOMa, MeloBI1Ta LWKona (rMMHaswuja 1

19 3aKoH 0 OCHOBaMa cucmema 0bpazoearea U 8acnumarea

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

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

1 87/2016)

20

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 LIKONA, CPeAHa
LWKora 3a 06pa3oBarbe OAPACVIX U CPEArba LIKONA 3a
yUYeHVKe ca CMeTHbamMa y pa3sojy.

[pOCTOpHW 1 ApYrv CTaHAAPAW KOjU Ce NMOoCTaB/bajy
npea 3rpafle HamereHe 0Opa3oBarby Cy AedUHUCAHM
ofiroBapajyhm npasunHuumMma. tbma ce 6nmxe nedu-
HYLLY HOPMe M3rpaarbe, KBanuTeTa 1 onpemarba camor
npocTopa 0bpasoBHUX MHCTUTYUWja. Y Tabenama 3 v 4
je paT npernen OCHOBHMX 3axTeBa AedUHMCAHMX Pa3nn-
YUTUM NpasunHMLMMa Y neprogdy 1863-1990. roanHe 3a
OCHOBHe 1 CcpeAtbe WKone. Ha 0CHOBY MpuKa3aHumx no-
[aTaka y oBum Tabenama je moryhe carnegaTti npouec
YCNOXHbaBatrba YC0Ba Koje MOpajy MCMYHWUTU LWKONCKe
3rpaje, HapounTO Kafa Cy y NuTakby YCNOBM BE3aHM 3a
0be3behetrbe Kompopa yueHwKa.

Tabena 3. LLIkoncke ycTaHoOBe — CTaHAAPAM U3rpafirbe,
UCTOPVJCKI Mpernies

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
CMPATHOCT 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. BP3VIHA BA3AYXA |/ / / / /
MPOBETPABARE |[MAXIMUM AIR VELOCITY
VENTILATION 3AXTEB 3A MEXAHWYKOM |/ / / / na
BEHTVNALIMIOM yes
REQUIRES MECHANICAL
VENTILATION
WHPNHA 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
LPEEAJTAH?GE HAYMH TPEJAFA / LieHTpanHo / / LieHTpanHo
MODE OF HEATING rpejarbe rpejare
central heating central heating
WMHCTANTAUMIE / favyes / favyes /
INSTALLATIONS
MATEPUJATT / TBPAO APBO TBPAO APBO TBPAO APBO /
MATERIAL hard wood hard wood hard wood
BOJA COLOR / / / / /
MOAOBK
FLOORING % PEQIEKCMIE / / / / 40%
% REFLECTION
KAPAKTEPUCTIKE / / / / TOMAN, FNaTKN
PROPERTIES warm, smooth
MATEPUJATT MATERIAL / oneka brick oneka brick oneka brick /
BOJA COLOR / / / / /
3U0BK 96 PEQIEKCMIE % REFLECTION |/ / / / /
WALLS 3BYYHA M30NTALUMIA / nayes favyes fayes fayes
SOUND INSULATION
TOMNOTHA M3ONAUMIA |/ / / / navyes
THERMAL INSULATION
TN 3ACTAK/bEFDA / NIBOCTPYKO NIBOCTPYKO [IBOCTPYKO NBOCTPYKO
GLAZING double double double double
BMCKHA MAPAMETA / 10 CKamuje / / /
MPO30PY PARAPET HEIGHT to the desk
WINDOWS OVMEH3WJE SIZE / 1/6 noBpLuHe nofal1/6 noepLvHe Nofda|T/6 noBplmnHe noda|l/5 NoBpLUMHe noda
1/6 of floorarea  [1/6 of floorarea  |1/6 of floorarea  [1/5 of floor area
3ACEHYEHE SHADING / nayes / / /
OTBAPAFEOPENING / / / / /
LWWPUHA / b=130cm b=100 cm b=100 cm b=180 cm
BPATA WIDTH [IBOKPWIHA jeAHOKpWHa jeHOKpUHa [BOKPWIIHA
DOORS double single single double
HAOCTPELIHMLIA AWNING |/ / / / nayes
MATEPWJATT MATERIAL / / / / /

2 Mpaguna 3a epaherve wKosnckux 3epada (1854) noHeta of
CTpaHe MrHUCTapCTBa NpocBeTe — npeyseTto 13 Munax h.

Munvheswh, Wkone y Cpbujn— oa noyeTka 0BOr Beka [0 Kpaja

wKoncke 1867. roguHe, beorpap, [ipxkasHa wramnapwja, 1868.
2 [Ipasuna o 2paherby WKOA U O HAMEWMAJy WIKOTICKOM
(360pHMK 3akoHa 1 ypepnaba y Krbaxescty Cponju. 36,
n3gaHvx og 18. aerycta 1880. go 26. jyHa 1881.) beorpag,
[p«aBHa Wramnapwja, 1881.

% [Ipasuna o epaherby WKOAA U HAMEWMAJy WKOICKOM,
beorpag, ApxasHa wramnapuja Kparesmte Cpbuje, 1899

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

» [IpagusiHUK 0 HOPMAMUBUMA WKOJICKO2 NPOCMOpPd, ONpemMe

U HAacmMasHuUx cpedcmaaa 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 — CTaHAaPpaM U3rPaj-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? MPABUVNHMK?
rpahery Wwkona  |rpabersy Wkona  |rpaherby wkona  |[RULEBOOK™ RULEBOOK?
Rules on building  |Rules on building  |Rules on building
schools schools schools
[BOPUILUTE (m*/no / / / 5m? min 5,0 m?
fetery)
:ROEBAPU'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 jyroncTok/ jyroucTok/ jyr/jyroncrtok jyronctok
OPWIJEHTALIMIA south/east ceBepo3anap cesepo3anaj south/southeast  [southeast
ORIENTATION southeast / southeast /
northwest northwest
5POJ M3MEHA / / / / 4
BA3LYXA/h
AIR CHANGES/h
MAKC. BP3VIHA BA3LYXA |/ / / / /
\r/lEPIi.JTB\E;?\XOB@'-bE MAXIMUM AIR VELOCITY
3AXTEB 3A MEXAHNYKOM|/ / / / na
BEHTMITALIIOM yes
REQUIRES MECHANICAL
VENTILATION
WAPNHA XOOHMKA 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 LleHTpanHo / / / LIEHTPanHo
MODE OF HEATING rpejare rpejarbe
central heating central heating
NHCTANALMIE favyes / / navyes /
INSTALLATIONS
MATEPVJAN 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
MATEPVJAJT MATERIAL oneka brick oneka brick oneka brick / /
BOJA COLOR / / / / /
% PEQIEKCIE % / / / / /
3108 REFLECTION
WALLS 3BYUHA N30JTALIMIA nayes navyes fayes fayes navyes
SOUND INSULATION
TOMOTHA M30NAUWMIA |/ / / / favyes
THERMAL INSULATION
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TN 3ACTAKIBERA [1BOCTPYKO [IBOCTPYKO [BOCTPYKO / LIBOCTPYKO
GLAZING double double double double
BMCMHA MAPATNETA [0 CKamuje / / / /
MPO30PY PARAPET HEIGHT to the deik
WINDOWS LVIMEH3WJE SIZE 1/6 nospLumHe noga |1/6 nosplnHe noga |1/6 nosplumnHe 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 [1BOKPWIHA jedHOKpWHa jelHOKpWIIHa [IBOKPWIIHA
DOORS double single single double
HAOCTPELIHNLA / / / / navyes
AWNING
MATEPUJANT MATERIAL |/ / / / /

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

2.2.1 VicTopwjcki pa3Boj yCTaHOBa Aeunje 3awTute

Mapa je pa3Boj geunjux yctaHoBa y Cpoumju KacHKo y
OfIHOCY Ha pa3BOj WKOJICKOT CUCTEMa, Y nTepaTypr® ce
mory Hahu nogauv fa je Tpaguumja Aeumjyx ycTaHosa”
y BojsoanHu Beoma ayra, suwwe of 150 rogrHa, a Mpexa
yCTaHOBa pasBujeHunja Hero y ApyrmMm KpajeBrma Tafa-
wrbe Jyrocnasuje. MNpema osom aytopy y nepuopy 1937-
1938. roguHe y BojognHu je 6uno 226 aeumjmux ycTaHoBa

% MpaBWNHUK O BAVKKM YCIIOBMMA Y MOrefy NpocTopa,
onpeme 1 HacTaBHMX CpefcTaBa 3a OCTBapMBatbE NiaHoBa

1 Nporpama 3a 0CHosHe 0bpa3osHe npodune IV cteneHa
CTpyuHe cnpeme y NPUPOAHO-MATEMATYKO] CTRYLM
(MpocseTHu rnacHrk CP Cpbuje 37/87) n MpaBunHuK o
OAVKMM YCNIOBMMA Y MOTNeAy NPOCTOPa, ONPEME U HaCTaBHMUX
CpeACTaBa 3a OCTBApMBarbe MaHOBa M NPorpama obpasosarba
33 OCHOBHe 0bpa3osHe npodune IV cTeneHa y KynTypONOLWKO-
jeanykoj ctpyum (MpocseTHn rnacHuk CP Cpbuje 37/87), 1987.
7 MpaBUIHVIK O BAVXKMM YCIIOBMMA Y MOTEAY MPOCTopa,
onpeme 1 HacTaBHMX CpefcTasa 3a MMmHasmjy — Hopmatuem
NpoCTopa, ONpeme, 1 HaCTaBHYVIX CPeACTaBa 3a MMHasujy
(MpocseTHn rnacHuk CP Cpbuje 5/90).

% MuneHa Byuetvh, Mpedwkosicko gacnumaree y BojgoouHu
1945—1947, 360pHUK 3a OpyuimaeHe Hayke, 1988, ceecka 104-105.
To Baxxehoj 3aKOHCKOj perynaTvisv Nnof 3rpagama
NpeaLwWKONCKMX YCTaHOBa Ce NoApa3ymMeBajy CBe yCTaHoBe
HamerbeHe el NPEeALLKONCKOT y3pacTa. Y OKBMPY OBOM
NcTpaxmearba 0byxsaheHe Cy 3rpafe feunjnx ycTaHoBa —
BpTWhANK 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-
GaBuLITE HaNasnno Ha TepUTOPUjL rpaja, AOK Cy OCTana
3a6aBuLLTa KOHLIEHTPMCAHA Y PYpPanHOM NoapydYjy, Te Aa je
Ha neT OCHOBHMX LIKOMA A0NA3WNO MO jefHOo 3abaBuLuTe.

Y npyrm kpajesima Cpbuje ofHoC je 610 HEMOBOb-
HWjW, TAKO fia je, Ha Npumep, Y jy»kHoj Cpbuju Taj pa3mep
n3Hocmo 1,8:100.

Hakow [lpyror ceeTckor paTta 6poj aeunjux yCctaHoBa
je cMarbeH, fla 6v Tokom 50-mx roavHa gowno Ao ypehe-
He opraHu3aLimje 1 OCHMBaHa OBOI TMMa YCTaHOBA.

2.2.2 3aKoHCKa perynaTvisa

YBMAOM Yy perynaTusy KOjom ce perynuile obnact yc-
TaHOBa fieunje 3aluTnUTe MOXe Ce KOHCTATOBATM [a je YMHE:
© 3aKOHK
+ MPaBUAHMLM KOjW ypehyjy MpuHLUMNe NpojeKToBarba

OBVIX CNeLmjanHnX yCTaHoBa
+ NPaBUAHULN KOjU ypehyjy paa, nporpame,

NpUHUMNe ynuca, HaunHe Gopmrparba rpyna,

HauuHe GUHaAHCKParba OBYIX YCTaHOBA
+ NPaBUAHULM KOjU perynnLly obnact eHepreTcke

epunKacHOCTM 3rpaja

MpBa perynaTnea Koja je foHeTa y Cpbuju, a Tude ce
yCTaHOBa Aeunje 3aliTvTe, NoTMYe 13 nepuoaa nocne
[pyror ceeTckor pata 1 To Cy: [NpaBUAHNK O NpeawKon-
CKUM 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, nonyrbeH 2017,
roavHe® 1 M Cce NPeALWKONCKO BacnuTare 1 0bpaso-
Barbe ypehyjy Kao f1eo jeAMHCTBEHOr cucTema 0bpaso-
Bakba M BACMUTakba My CKNafly ca paTudUKoBaHUM mehy-
HapOAHMM KOHBeHUMjama. 10 OBOM 3aKOHy AenaTHOCT
NpPeALKONCKOr Bacnu1Taka 1 0bpazoBarsa je fenatHocT
Ofi HENOCPeHOr APYLWTBEHON MHTEPEeCca 1 OCTBapyje ce
Kao jaBHa cnyxba. Mpefwkoncka ycTaHoBa obaBrba U

0 AHa laBpwinosuh, 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 obe3behyjy ncxpaHa, Hera v npe-

BEHTMBHO-31PaBCTBEHA W COLMjanHa 3awTvTa fele. MNoa

NPEALKONCKUM Y3pacToM rnoppasymeBajy ce Aela CTa-

POCTW Off LWECT MeceLn [0 NMonacka y OCHOBHY LUKOJY.
Pan ca fieLom ce opraHusyje y BaCnuTHUM rpynama

Koje Mory outw:

- jacneHor y3pacTa 3a fieLy CTapoCTu off 6 MeceL A0
TpY roanHe faHa,

- rpyne BpT1ha 3a feLly y3pacHor nepuopa of Tpw
roAviHe 0 Nonacka y WKony.

Y 0bnacTvi NpeALIKONCKOr BacnuTaka 1 0bpa3oBarba
nocToju Benukn 6poj npatehumx, MOA3aKOHCKMX akarta.
OBW NpaBUAHULM AeDUHWLLY, Ha MPUMEp, BPCTY CTPYUHe
cnpeme BacmmMTaya, HauyMH obaBsbarba [eNaTHOCTH, op-
raHu3oBarbe 0bnMKa paja ca AeLioM, HaumnH ynuca feue,
[ajy HOPMaTVB APYLUTBEHE MCXPaHE.

Tpeba nctahwv nocTojarbe HopMaTKBa MPOCTOPa onpe-
Me 1 cpeficTaBa Koju ce 6aBe cammM 3rpafama NpeaLlKos-
CKIX YCTaHOBA Y OKBWMPY KOjUX Cy MpeuUmnsHo aedriHmucaHm
Kako Monoxaj 0bjekTa, heroBa NPOCTOpHa opujeHTauuja,
Tako ¥ MPOCTOPHa OpraHv3aumja, CTPyKTypa 1 BEnYn-
Ha NojeamHKX NPOCTOPa U HIXOBe 3aBpLlHe obpaze. No-
cebHa nara nocseheHa je enemeHTMa KojW yTUUy Ha
nocTM3arbe KoMPopa y OBMM 3rpafama LUTO je NprKasaHo
y Tabenn 5.

Tabena 5. MpeLIKoCKe yCTaHoBE — CTaHAAPAN U3TPajrbe,

NCTopujCKK 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 -
Hopmatvan HopmaTtvsn 3a Hopmatvan MpaBunHmnk®
npocrtopa® nnaHvparse* 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? 6m?
MOBPLUVHA
AREA BIPALA (m?/no getety) BUILDING (m?/child) |3 m? 5m’ 5m’ 5m
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 BA3LIYXA/h / 2 3 /
AIR CHANGES/h
MPOBETPABAE  [MAKC. BP3VIHA BA3[IYXA / 0,1 m/s 0,3 m/s /
ENTILATION MAXIMUM AIR VELOCITY
BAXTEB 3A MEXAHMYKOM BEHTUNALMIOM |/ favyes favyes /
REQUIRES MECHANICAL VENTILATION
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LIVPUHA XOOAHMKA CORRIDOR WIDTH 120 cm / /
KOHCTPYKTVBHN CCTEM LOAD-BEARING STRUCTURE / / / /
OCBET/bEHE LIGHTING / 100 Ix 100 Ix 150 Ix
[TEMMEPATYPA TEMPERATURE / 20°-21°C 20°-22°C 22°C
[PEJABE HAYVH TPEJAFA / LeHTpanHo LeHTpanHo /
HEATING MODE OF HEATING rpejarbe rpejarve
central heating central heating
MHCTANTALUWIE INSTALLATIONS / / / /
IMATEPMJAIT MATERIAL / / / /
bOJA COLOR / MaT, cBeTna, MvpHa |/ cBetna
NoAOBK matte, light, calm light
FLOORING P PEQIEKCWIE % REFLECTION / 30% / /
KAPAKTEPNCTINKE / TOMAW, NOAYTOMAN | YBPCTU, €M1aCTUYHN | UBPCTY, HEKM3aBM
PROPERTIES warm, semi-warm_|firm, elastic firm, non-slip
MATEPMJAIT MATERIAL / / / /
BbOJA COLOR / Mart, CBETNa, MUPHa |/ csetna
matte, light, calm light
300BM 9% PEQIIEKCIJE % REFLECTION / 50% / /
ALLS
BBYYHA M3ONALMIA SOUND INSULATION / navyes favyes fayes
[TOMNOTHA N30J1ALUNIA / favyes favyes navyes
[THERMAL INSULATION
TN 3ACTAKIBEHA / [IBOCTPYKO / /
GLAZING double
MPO30PU BUCHA MAPAMETA PARAPET HEIGHT / 60 cm 55cm /
INDOWS IMMEH3IJE SIZE / 1/5 noBpLuMHe noga |/ 1/5 NoBpLUMHe nofa
1/5 of floor area 1/5 of floor area
BACEHYEHE SHADING / favyes favyes /
OTBAPAHEOPENING / cnosba outwards |cnosba outwards — |cnosba outwards
BPATA LUVPUHA WIDTH / 90 cm 80cm 80 cm
DOORS HALCTPELUHVUA AWNING / / fayes /
IMATEPVJATT MATERIAL / / / /

* Hopmamusu npocmopa, Hamewmaja u onpeme 3a
npedwKosICKe ycmaHose, [lpoceemHu 21acHuUK 1/69
* Hopmamuau 3a nnaHuparbe, Usepakby U onpemaree

npedwikonckux ycmarosd, CryxbeHu nucm epada beogpada 11/72

* Jleuju spmuhu — Hopmamusu npocmopa, onpeme u

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

CP Cpbuje 4/77

% [pasunHuK o 71UKUM YCII08UMA 3a NOYEMAK padd U 06as/barbe

OenamHocmu ycmarosa 3a euy CryxbeHu 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. PEF'YJIATVBA EHEPTETCKE EOMKACHOCTU
LIKONCKNX 3TPAOA 1 3TPAJA OEYNINX YCTAHOBA

Y HOpMaTMBMMa M MPABUIHWLMMA MOMUHAHUM Y
NPETXOLHOM MOMNaB/by je UCTakHYT 3axTeB 3a Tepmuy-
KOM 1 3BYYHOM 3aliTWTOM ObjekaTa Y Kojuma ce ofswja
HacTasa 1 bopaBak fjeLle, anv OBaj acnekT Huje feTarbHuje
AedvHMCaH HW obpasnaraH. Kag cy eHepreTcke kapakTe-
PUCTMKE LUKOJICKMX 3rpafa 1 feunjux yCTaHOoBa y NuTarby,
He nocToju nocebHa perynaTviea 3a OBaj CEKTOP 3rpajap-
CTBa, Beh cy KapakTepucTviKke 3rpaga aedrHmCcaHe onLw-
TVM NPOMNMCKMA KOjW Ce OAHOCE Ha CBe TWUMOBE 3rpaja.

[oHowerbem [MpaBunHWKa O eHepreTckoj edukac-
HOCTW 3rpaga bnvke ce yTBPhyjy eHepreTcka CBOjCTBa
3rpafa, Kao 1 HauvHW FKXOBOT M3padyHasarba. [1pasui-
HWUKOM O YC/TOBMMA, CALPHKUHW 1 HauWHY 13AaBarba cep-
TUdKMKaTa O eHepreTCKMM CBOJCTBMMA 3rpada yTephyjy ce
rpaHnyHe BpeAHOCTH NoTpebHe eHepruje 3a rpejarbe 1
T0 33 10 KaTteropwja 3rpafa, Of KOjuUX je jeaHa Hamerbe-
Ha obpa3soBarby 1 KynTypy, a Apyra Koja obyxBaTa 1 3rpa-
[e AeunjnX YCTaHOBa je HamerbeHa 34PaBCTBY M coLmjan-
Hoj 3awTwTn. OBAe Tpeba ncTahv Aa KapakTepucTuke U
rpaHnyHe BpeAHOCTY yTBPhEHE 3a 3APaBCTBEHE YCTaHO-
Be He OAroBapajy 4ecTo 3rpafama HaMmerbeHVM AeUMjM
yCTaHOBama, OfHOCHO Aa je Y fasbeM NpoLecy paspage
perynatnse noTpebHo aedprHMCaTV cneyndruHe ycnose
[eunjyx ycTaHoBa.

[NpeunsHuje, ynaHom 3. lMpasunHuka o EE 3rpaga,
6nuvxke ce NPonuCyjy eHepreTcka CBOjCTBA M HaUMH M3pa-
UyHaBarba TOMMOTHUX CBOjCTaBa objekaTa BYCOKOrPaftbe,
Kao 1 eHepreTCKu 3axTeBu 3a:

1. M3rpagrby HOBYMX 3rpaga;

2. PeKOHCTPYKUWjy, forpaary, 0OHOBY, aganTauujy, ca-
HalWjy 1 eHepreTcky caHauujy noctojehuix 3rpaaa;

3. PEKOHCTPYKUM)y, afanTaumjy, caHauwjy, o0bHOBY 1 pe-
BUTanM3aLjy KynTypHYx Jobapa v 3rpaja y HUXoBoj
3aWTNeHOj OKOAMHY Ca jacHO oapeheHnM rpaHumLa-
Ma KaTaCTapCKUX mapuena 1 KynTypHux gobapa ynu-
CaHWX Y YHECKOBY NIUCTY CBETCKe KynTypHe OaluTiHe
v objekaTa y 3alWTUheHVM NOAPYYMMa, ¥ CKnady ca
aKTOM O 3aLUTUTK KynTypHMX Aobapa 1 ca ycioBrma
OpraHa, OAHOCHO OpraHM3aLyje HaanexHe 3a Nocso-
Be 3alLTUTE KyNTYypHUX 100apa;

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 Aenose 3rpafa Koju UnHe TeXHUYKO-TeX-
HOMOLWKY 1N GYHKLUMOHANHY LIeNMHY, a Koju ce mpo-
fajy wnv fajy y 3akyn.

Mpema HaBeAeHOM MPABWIHWKY, ufaHoM 6. Aambe
Ce HaBOAW [la ce NpunMkom obesbehrBarba edprKkacHor
Kopuwherba eHepruje y 3rpaflama y3uma y ob3vp Bek
Tpajakba 3rpaje, KNMMATCKXA YCNOBW NOKalnje, NOAoXaj
1 opujeHTaUmja 3rpaje, HheHa HameHa, yCrnoBu komdopa,
MaTepujany 1 enemeHTn CTPYKType 3rpafle M omoTaua,
yrpaheHu TexHnYkn cuctemu 1 ypehaju, Kao v 13sopn
eHepruje 1 koreHepaumja 1 MOrynHocT kopuwhersa 06-
HOBJBUBMX U3BOPA eHepruje.

MpopayyH obyxBaTa Behn 6pPOj MapameTapa Koju
ce MOTOM UCKasyjy vy okBupy CepTndukata o eHepreT-
CKMM CBOjCTBMMA 3rpafa (eHepreTcku nacoww). EHepreT-
CKM paspen 3rpaaa ce, 0 OHOLWEeHA HaLMOHANHOT NPO-
rpamckor nakeTa, ofjpehyje camo Ha OCHOBY MoTpebHe
eHepruje 3a rpejarbe No M? rpejaHe NoBpLUVHe. YnaHom
18. ce Npeumsmpa fa ce NpopadyH eHepreTCcknx CBojcTa-
Ba 3rpajie BpWW 3a cnefehe kateropuje:

1. roavwHa noTpebHa eHepruja 3a rpejarbe;
roavwHa notpebHa eHeprija xnahersa;
roavWwHa noTpebHa eHepruja 3a BeHTURauUujy;
roavWHa noTpebHa eHepruja 3a npunpemy
CaHWTapHe ToMne BOfE;

roavWHa noTpebHa eHeprija 3a OCBET/berbE;
roAvWHN rYOULIM TEXHUYKIX CUCTEMA;
roavWHa UCnopyydeHa eHeprija;

roavwHa noTpebHa NprMapHa eHeprija;
roavlWHa eMUCH]a YribeH-amnMoKcKaa

oo

O 0 N oy

Ocum yKYMHKX NOKa3aTesba Ha HUBOY 3rpafe aedu-
HVCaHe Cy ¥ Hajsehe [03BO/bEHE BPEAHOCTU Koedu-
uvjeHTa nponasa Ttonnote, 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 =

O 00 N Oy W

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 fo3BorbeHe BpeaHOCTU KoedurumjeHaTa
nponasa TonoTe 3a KaPaKTEPUCTNYHE eNlemMeHTe TePMUUKOT

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

omoTava noctojehe 3rpaie HaKOH PeHOBMPatkba, CaHalvja U elements of a real building after renovation, rehabilitation, or
PEeKOHCTPYKUMjaY reconstruction®
Onnc enemerTa/cncrema MNoctojeha 3rpasa
Description of elements/systems Existing building
U, [W/m?K]
EnemeHTH y KOHTaKTY Ca CNOSbHUM Ba3AyxXom
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 KOHCTPYKLUWja 13Ha[ OTBOPEHOr Nposiasa 0,30
Floor construction above open passageway
IMpo3opwu, 6ankoHcKa BpaTa rpejaHnx Npoctopuja v rpejaHe 1,50
3uMcke balTe
Windows, balcony doors to heated rooms and heated
conservatory
CnosbHa BpaTa 1,60
Exterior door
YHyTpallhe nperpagHe KOHCTPYKLUyje
Interior partition constructions

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

KoHcTpykumje y Ty (ykonaHe vnm AeNVMI1YHO YKomnaHe)

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

Oge BpeaHoCTn ce

LWKONCKWMX 3rpaja v 3rpaja Aeumnjux yctaHoBa (3rpada Ha-

He pasnukyjy 3a pasHoBpPCHe Tu- These value

MeHeHMX 3[PABCTBY W COUMjANHOj 3alUTWUTK) MCKasaHe  ysed in health

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

30

ephukacHocmu 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




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

Kpo3 AeduHMUCarbe [O3BO/bEHE TOAMLLIHE MOTPOLIHE
durHanHe eHepruje (Tabena 7) n peduHucare aobrTaka
TOMNOTE Of JbyAU 1 enekTpuyHuX ypehaja. (Tabena 8)
Takohe, 3a oBe TMMNoBe objekaTta Cy AedVHMCaHN U
APYrv NapameTpy Koju yTyuy Ha NpopadyHe eHepreTcKmnx
nepdopmMaHcy 3rpafa: NpojekTHe Temnepatype (3a ne-
TH U U 3UMCKM NEPVOA), MPUCYTHOCT TOKOM [laHa, Konyu-
Ha CBEXET Ba3/yxa No 0COOW, MO MOBPLUMHM, U TaKO flarbe.

Tabena 7. [lo3BosbeHa roauilikba padyHCKa NoTpoLLHa
bviHanHe eHepruje — 3a 3rpage HamekeHe 06pa3oBarby U
30PaBCTBY, OL4HOCHO COLMjaHOj 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 MakcviMasHa roaunilba NoTPOLUHba eHeprije 3a rpejarbe
Maximum allowable annual heating energy consumption

Education buildings

3rpane HamerbeHe 0bpasoBarby

3rpajie Havmer-eHe 3paBCTBY 1
CcoumjanHoj 3aWTnTH
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 SO 13790)

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

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

Education buildings
YHyTpallkba NPOojekTHa TemnepaTypa 3a 3MMCK1 Nepuoa 20 22 °C
Indoor winter design temperature
YHyTpallhba NpojekTHa TemnepaTtypa 3a NeTrbr Nepros 26 26 °C
Indoor summer design temperature
MoBpLwMHa no ocobu (3ay3etocT) 10 30 m?/per
Area per occupant (Occupancy)
OpaBatrbe TONnoTe NO 0CO6M 70 80 W/per
Heat radiation per person
Opasatbe TonnoTe SbyAM MO jeANHULM NOBPLUMHE 7,0 2,7 W/m?
Human heat radiation per area unit
MpVCYTHOCT TOKOM fiaHa (MpOoCeyYHO MeceuHo) 4 16 h
Daytime occupancy (monthly average)
TOAMLWHA NMOTPOLLHA eNEKTPUUHE EHeprije 10 30 kWh/m?
Mo JeAVHNLM 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?
no 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).

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

3a noctojehe 3rpae Koje ce PeKOHCTPYMLY camo UcKa-  the existing buildings undergoing reconstruction, the
3yje paspeq, TO jecT Aa cey Npouecy peKoHCTpyKuumje no-  class is only indicated and an improvement of one en-
60osblajy nocTojeN eHepreTckm paspeam 3a jeaaH HrBoO. 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
Enepretckm paspes | Q, ., i Qg
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 yCnoBy 3a 3rpafe ColujanHe 3altmTe, % As conditions for social care buildings have not been
Tako Aia ce MOXKe CMaTpaTW f1a YCIoBK npeasrhern 3a defined, it can be stated that the conditions provided for
6onHuLe, He 0AroBapajy yCi0oBMMa AeUmjyx yCTaHOBa hospitals do not correspond to those for childcare institutions
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Tabena 10. EHepreTcku pa3peam 3rpafia HaMereHUX 34PaBCTBY
N COLMjanHOj 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
Exepretcku 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
nponucuma EBponcke yHuje y pasnuunTium obnactnma,
na 1y obnactu eHepreTcke edrkacHOCTV 3rpafa. Y Es-
POMCKO] YHWjW TNaBHN NOKpeTay NPOMeHe 3akOHOLaB-
HWUX OfHOCa Mpema 3rpajama, Kaja je eHepreTcka edu-
KaCHOCT y MuTarby, jeCcy ofroBapajyhe AvpeKTVBe Koje
noHocu EBponcka kommcuja. Mako Cpbuja Huje unaH
YHuje, NoTNMCK1Barbem Cnopasyma o NpucTynarsy EHep-
reTckoj 3ajegHuum 1. jyna 2006. roamHe, 3a by nocrajy
obasesyjyhr CBM MNponucn Koje Yyceaja EHepreTcka
3ajefHuLa. EHepreTcka 3ajedHuua npeysuma nponuce
EBponcke yHuje, y Be3u ca eHepreTckom edukacHowny,
a 3a MoTNMCHMUEe crnopasyma omoryhere cy oppehe-
He M3MeHe Koje Ce YrNaBHOM TW4y MomMeparba POKOBa
numnnemeHTaumje.

OCHOBHM AOKYMEHTM KOjU Cy NMOACTaKAN [OHOLWEHE
perynaTtvige y obnacTu eHepreTcke edprKacHOCTY jecy:

« [HvipektnBa poHeTa 2002.roavHe® no3HaTuja Kao

EMBI 1. OHa je nedmHMCana 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 LWKONCKUX U NpedlKONCKMX yCTaHOBa — METOAOIOWKN OKBUPD d)opMleaH;a TI/II'IOJ'IOI'I/Ije 1 nobosbluarba eHepreTcke ed)l/lKaCHOCTl/\

perynatmey je Mociyxuia Kao OCHOB 3a [OHOLe-
tbe [paBunHKKa O eHepreTckoj epuKacHOCTL 3rpa-
na v [paBunHKKa O yCNoBMMa, CAOPKMHM 1 HaunHY
V3haBarba CcepTduKaTta O eHepreTCKMM CBOjCTBU-
ma 3rpaga. OCHOBHM 3axTeBM AedUHMCAHM OBOM AN-
PEKTVBOM Ce OAHOCE Ha YCNOCTaB/barbe MUHUMAN-
HUX CTaHOapAa eHepreTcke eduKkacHOCTM 3a CBe
HoBe 3rpaje, kao u 3rpage sehe og 1000 m? a nog-
nexy obvMHOj obHOoBW. [lMpekTnBom ce aeduHu-
e v MeTofonornja NpopadvyHa eHepreTckux nep-
bopmaHcK 3rpafa, kao 1 obasesa cepTudrKaumje 3a
HoBe 1 nocTtojehe 3rpage Npu 13rpagrbu, NPogajn 1
n3aaBatby.

« [Hupektvea poHeta 2010. rogmHe®, nosHaTWja Kao
ENB/ 2 je obyxeaTnna 6pojHe aHekce [npekTnee 13
2002. rognHe Kojuma Cy Ce YCoKrbaBasv 3axTeBy 3a
eHepreTcky edrkacHOCT 3rpaja, a Koje je TOKOM Bpe-
MeHa ycBajana EBponcka kommcnja. OCHOBHa HOBMHa
y OBOj AVPEKTUBM je yBOherbe KaTeropuje mMeTofo-
nornje TPOLWKOBHE ONTUMANHOCTH, Kao W KaTeropwja
3rpafe CKopo Hy/Te eHepruje.

Kako je y [vpeKkTnem aeduH1UCcaHo, TPOLWKOBHA On-
TVMaNHOCT je oapehKrBarbe HBOA eHepreTcke eduKac-
HOCTI Koju e [0BecTV A0 HajHUXKMX TPOLIKOBA TOKOM
NpOoLEeHeHOr eKOHOMCKOT »KMBOTHOT LMKIyca M Nof-
pa3lymeBa oncer H1MBoa NephopMaHcK Koje ce KapakTe-
pYiLYy NO3UTUBHMM HMBOOM TPOWKOBA TOKOM €KOHOM-
CKOT »KMBOTHOT UwMKnyca. OBaj, Y Haloj Npakcy, HOBU
NPUCTYN jow HWje NOCTao Ae0 3aKOHCKe perynatuee,
Maga cy noctojehn npasunHUUM Y Gasm naMeHa 1 ao-
nyHa ynme he ce 1 NPUHUMM TPOLWKOBHE ONTUMANHOCTY
YKIBYUWTN Kao jefaH Off OCHOBHMX 33 MpoLeHy mepa
edrKacHOCTH.

3rpafie CKOpO Hy/Te eHepruje Cy M3pasnTo eHep-
reTckin eduKkacHe, Npu Tome ce CKOpo ,Hyfna eHepruje”,
13y3eTHO Masa KoMnumnHa eHepritje noTpebHa TOKOM KO-
puwhera 3rpafe, aobuja Behvm aenom 13 OOHOBBU-
BUX M3BOPA YKIbyUyjyh eHeprujy Koja ce Npou3Boan Ha
Camoj noKauuju UK y HenocpeaHoj GAN3MHK 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, UnaHuLe BY, y obasesn,Cy fa fjoHecy
cBoje aedunHMLMje 3rpafia CKOPO HyNTe eHeprije, 1 To 3a
pas3nuumnTe Kateropuje 3rpaga. Y Halloj akTyenHoj npak-
CY KaTeropuja 3rpafa rotoBo Hyfte eHepruje Hvje jou
nedUHMCaHa, HATK je NocTana Aeo NOA3aKOHCKIMX aKaTa.

[lonyHa eBpONCKOT 3aKOHOAABHOT OKBMPa y 06nacTu
eduKacHOCTV 3rpafa je nspluera 2012. roavHe Kaga je
noHeTa [dupektvea o EHepreTckoj edpukacHocT*' EE[],
6asvpaHa Ha MCKYCTBMMA M NMOCTaBKamMa NPeTXoaHo Ao-
HeTux AmpekTvBa. upekTrea o EE goHocu HKM3 mepa
Koje he omoryhutu ywteay oa 20% eHepruje go 2020.
roavHe. KrbyuHu je unaH 5 koju yBoaM 0baBe3y eHepreT-
cke 0bHOBe 3% MOBPLWVHE jaBHMX 3rpaja Koje KopWCTK
LieHTpanHa Blafa 1y leHOoM Cy BNaCHMLITBY. JacHO je Aa
oBa 0b6aBe3a, Npeko yroBopa ca EHepreTcKom 3ajefHn-
Lom, BaxkK 1 3a Cpbujy, C TM Aa ce CTeneH roaulitbe
obHOBe 3rpafla CMarbyje 1 13HOCK 1% MOBPLIVHE OBMX
3rpaja.

Tpeba nctahu ga y oBrM AMPEKTUBaMA WKOMCKe 3rpa-
[le v 3rpafe Aeunjux yCtaHoBa Hemajy nocebaH TpeTmaH
y OAHOCY Ha ocTane jasBHe 3rpafe. Lkoncke 3rpage u
3rpaje Aeunjmx ycTaHoBa Npw TOM He cnafajy Yy 3rpage
jaBHE HameHe Y BNACHWULITBY LieHTpanHe Bnage Win mx
LieHTpanHa Bnaga KopwcTy, Tako fia Ce Ha X He OAHO-
cn obaBesa obHoBe 0 2018. roanHe Kako je fedpurHmca-
HO OBOM AMPEKTMBOM. Y EBPOMCKO] YHNjW HE MOCTOju je-
OMHCTBEH NPUCTYN ofpehrBarba rpaHUYHKX BPeAHOCTM
noTpolrbe eHepruje, Beh je 0CTaB/beHO unaHuamMa aa
came perynuiy oy 061acT HaUWMOHaNHKM Nponmncrma.*

3.2 VickycTBa eBpONCKux 3eMarba u Cpbuje

PerynatviBa WKONCKMX 3rpafa v 3rpada feunjvx yctaHo-

Ba BeNMHe eBPONCKMX 3eMasba OOyxBaTa IBa OCHOBHA

cermeHTa:

« NPUHUMNKU NPOjeKTOBakba WKOMCKIMX 3rpada v 3rpa-
[a fleunjux 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 ep1KaCHOCT 3rpajia rae PasnvKyjemo pas-
HOBPCHe KaTeropuije 3rpafa — nocebHo efyKaTViBHe
UHCTUTYLWje, TO JeCT WKone, 1 BoMHWLE Koje Hajuelhe
00yxBaTajy 1 LieHTpe 3a AHEBHM bopaBak AeLle.

Y nuTepatypu Moxemo npoHahu 3HaTaH 6poj Hayuy-
HOWCTPAXKMBAUKMX MpojeKaTa Koju je nocseheH cucTe-
MaTCKOM M3yydaBarby NpuHUMNa yHanpehera oBux 3rpa-
na*. ObHoBa WKona ce, y Npakcu, Hajuewhe cnpoBoan y
BUAY NMWUMOT NPOjeKaTa, KOjW KaCHWje Clyxe Kao npume-
pv aobpe npakce™. Cpehy ce 1 Npumepw Aa ce ynyTcTBa
32 OOHOBY WKOACKMX 3rpafda NpunpemMajy v Ha flokas-
HOM HMBOY®, Te ia Cy OHa HamMerbeHa [PKaBHUM UHCTW-
Tyumjama, anu v ynpasu cammx wkona. ObHoBa 3rpaga
Jeunjux ycTaHoBa Hajuelhe Huje y Gokycy obUMHMjuX
UCTPaXKMBakba, @ MPUMEPK HxoBe 0OHOBE KPO3 NMOT
npojekTe Cy MHOro pehu.

Y Cpbujn je TOKOM NPETXOAHE felieHunje OBHOBMbEH
BeNn 6pOj LWKoNa Kpo3 pasnmunte Nporpame’® nog pyKo-
BoacTBom CeeTcke baHke 1 KFW 6anke, YHM-a ... OHo
WTO je 3ajeiHMUKO 3a CpoBeAeHy OBHOBY jecTe fla Huje
peanv3oBaHa Mo jeAMHCTBEHUM, YHanpes YCTaHOBSbe-
HUM NPUHUMNKMA ofabupa NPUOPUTETHIUX 3rpaja, Kao
HW Npema jacHo AedUHUCaHUM TUNCKMM MepamMa 0bHOBe
Koje omoryhagajy yTBphrBarse ywTeae Ha HalUMOHanHOM
HMBOY. VlaKo je NOCTUTHYT NpUMETaH KBAITET, y3 Mo60sb-
lWwarbe yCnosa kKomdopa KOPUCHYMKA, CNpoBeaeHe akTUB-
HOCTW HWCY pe3ynTupane CTaHAapaM3aumjom NocTynaka

4 OpabpaHun eBpONCKM NPOJeKTU Ca TEMOM EHEPreTCKM
edurkacHe 0bHoBe WKONCKKMX 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 LWKoAa 1 6onHmuUa Kpo3 SEEP
npojekar (2005-2012), dnHaHcvpaH of cTpaHe IDA kpeawTa
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 npasunHnummMa®’ neduHuLLy ce OCHOBHM
napameTpu 3a NPOojeKToBarbe OArosapajyhix ycnosa 60-
paBKa Yy 3rpafiama WKOICKMX 1 NPefLIKONCKMX YCTaHOBA.

[pejarbe

Y WKonama je NoTpebHO oapKaBaTh YrogHy Temne-
paTypy, HAPOUUTO Y HACTaBHMM NPOCTOPWjama ¥ MPOCTO-
pwvjama 3a NPOAYXeHW UK LienofaHeBHN bopagak. Mpema
[paBWTHIKY, Y 3MMCKOM Neproay Temnepatypa y WKos-
CKMM NpOCTOpWjama 3a NpaBuaHy Granonowky GyHKUWjY
OpraHv3ma v 3a paj M3HoCu:

+ Y HaCTaBHWMM NPOCTOPMjama, 13y3eB case 3a
bu3nyko BacnuTarbe, 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 Wwkose. HajuenncxoaHujy HauuH
3arpeBarba WKOJe 1 OAparkaBakba NoTpebHe Temnepaty-
pe jecTe LeHTPanHo rpejare, OAHOCHO eTaXKHO rpejarbe
Y MatbVM MPU3EMHMM WKOACKMM 3rpafama. Camo y 13y-
3eTHVMM CryYajeBMMa, 3arpeBarbe MarbWx LKOMa MOXe
61T KarbeBMM nNehrma. 3arpeBakbe HacTaBHUX NPOCTO-
pwvja MeTanHUM nehma Huje AO3BOSBEHO.

BeHTmnauumja
[la 61 ce ouyBano 3apassbe yyeHuKa v 0be3deannm

HOPMaHW XUIMjEHCKN YCII0BM 3a Paj Y HaCTaBHMM NPOC-
TopuWjama, NOTPEOHO je A0BECTM AOBOSLHO YMCTOT BasAy-
Xa 1 OAPKaBaT HOPMaNHy MUKPOKAUMY. [penopyyeHn
00pOoK Bazayxa Mo jeAHOM YUeHUKy 13Hock 20 m?® y ToKy
JeAHOr LUKOJICKOT Yaca. 3a CTafHO OApXKasatkbe YMCTOr
BasAyxa y YUMOHMUW, NPV 3aNpeMuHu Of HajMarbe 5 m?
M0 YUeHWKy, NOTpebHO je y TOKY jeAHOr Yaca HajMatbe ve-
TVPW NyTa U3MeHUTV Basgyx (5 m? x4 1/h =20 m*/h).

# [pasusHUK 0 HOPMAaMUBUMA WKOJICKO2 NPOCMOpPd, Onpeme
U HacmasHux cpedcmasa 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 obaBmba NPUPOAHMM UM MeXaHny-
Kum nyTem. MpupoaHa BeHTUNaumja ce 0bMYHO OCTBa-
pyje noBpemMeHnM oTBaparbem Npo3opa. [Mpv NpnpoaHoj
BeHTUNaumjn (NposeTpasate) Tpeba BOAMTM padyHa fa
YUeHMUM He Byay V3NOXeHW NPOoMaju v yaapuMa Xnag-
Hor Basayxa. llpupofHa BeHTWNauWja je LenncxofHa,
€KOHOMMYHA 1 edrKacHa, Te ce obesbehyje y HacTaBHMUM
npocTopKjama CB1X OCHOBHMX LLKONa.

MexaHnuka BeHTUMaLMja je 4oMyHa NPUPOAHO) BEHTU-
naumjn. Obase3Ha je y nabopatopujama 1 pagnoH1Lama
roe ce Npwvi pagy pasBujajy racoByv 1 NpaLlvHa, Kao 1y BU-
LieHaMeHCKOM MPOCTOPY rae ce oKynsba Behn 6poj yueHu-
Ka 1 poauTerba. Obesbehyje ce yrpagHomM BeHTUIATOPA.

KnumaTtusauumja
KnnmaTi3aumja LWKOACKKMX 3rpafa Huje KapaKTepucTy-

Ha 3a Wwkorne y Cpbuju, C 0631POM Ha Ayr NeTH PacrycT 1
UVFbEHNILY [1a Y LUKOMama HeMa yueHmKa y HajTonnvijem ne-
puoay rofvHe. YKONMKO je y HEKOM, OB1UHOM Marbem, Aeny
LWKOnCKe 3rpafe noTpebHo xnaherse y neTkbem neprogy,
yrpahyjy ce NoKanHu Knumatnsauyonn ypehaju.

3a pa3nuky of WKona, BpTUhu pase TOKOM Liefne ro-
AMHe, Tako fa ce cee Behur 6poj BpTha KNMaTumyje 3a-
paf nocT13arba TEPMUYKMX YCNOBA YrOAHOCTN Y CBUM
eKCMnIoaTaLmoHmNM yCIIoBMMa.

3.2.2 XpBatcka“*®

[pejarbe
3a rpejarbe NpocTopa v NPUNpPeMy CaHWTapHe Tome
BOJE MOry [a Ce KOpWUCTe CBM TUMOBW LIeHTPaNHKX CUC-
Tema rpejarba. Y npoctoprma 3a paf U bopasak Bazayx
Mopa fla yae paBHOMEPHO 3arpejaH Ha cnepehe Bpea-
HOCTV TemnepaType:
+ Y YyyroHuuama Ha 20°C,
+ Yy NPOCTOpMjama 3a OpraHu3aumjy 1 KoopamHaumjy
pajaa, kao 1y 360pHUUKM Ha 20°C,
+ Y CNOpTCKOj ABOpaHK Ha 16-18°C,
+ Y CBMaYMOHMLIAMa 1 MOKPMM YBOPOBMMA Ha 20-22°C,
+ Y XOOHWUMMA ¥ CTeneHuwTMa Ha 18°C.

* [IpxasHu nedazowku cmaHoapd 0CHOBHOWKO/ICKO? Cycmasa
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

CBy NpocTopy 3a paj 1 bopasak ce NPUPoOAHO NPo-
BeTpaBajy. Y HacCTaBHUM NpocTopujama Tpeba ocurypa-
TV YETUPW M3MeHe Basayxa Ha caT uim 25-30 m*/h cee-
Xer Bazflyxa Mo ydyeHuky. [pu Tome, Hajseha 6p3viHa
CTpyjarba Bazayxa He cve aa npehe 0,2 m/s.

Knumatuzauumja
Y nepuofly BMCOKMX CMosballkblX Temnepatypa, Y

npocTopuMa WwKone Tpeba aa ce obe3dean onTManHa
TemnepaTypa Ba3ayxa — 5°C Hixa of cnorbHe. Ha npo3o-
pvima Tpeba NpeaBUAETU 3aLWTUTY Off MPEKOMEPHOT CyH-
UeBOr 3padersa. Y yumoHmnLuama 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-
TaHWj¥, OaT je y nutepatypw’!, rae noctoje 1 nofaum e-
3aHM 33 UCTOPWJCKM Pa3Boj NpOoCTopHOr Komdpopa. Osae
Cy M30BOjeHN CaBPeMEeHW 3axTeBM 3a MOCTM3arbe Tep-
MUUKOT Kompopa 6opaska, AOK je MPOCTOPHM Kombop
nedbvHMCcaH 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). Birkhduser Architecture.

°2 Schools and Kindergartens (Design Manuals), p.19
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[pejatbe
Cuctem 3a rpejarbe Tpeba Aa ofpxasa NponvcaHy
TeMnepaTypy Basfyxa Ha BMCMHM 04 0,5 m of nofa npoc-
Topwuje. Npu cnorbalboj TemnepaTypu Basdyxa of -1°C,
TemnepaTtypa y npoctopujama Tpeba Aa byae:
+  ynpocTopwjama ca HOpManHOM GU3NYKOM
akTneHowhy, HacTaBom 18°C,
+ ynpocTopwjama ca cMarbeHoM GU3NUKOM
akTvBHoWhy Npoy3pokoBaHom bonectnma 21°C,
<y OUCKyNTYpHUM canama 15°C.

BeHTunauwmja
CucTemoM 3a BEHTUMAUMjY MOpa fla ce oBefe CBeX

v oaBefe 3araheH Ba3yx W3 CBYX NpocTopa npensuhe-
HIX 33 HACTaBY U YUerbe, Y KOMMUUMHM:
« 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
0Cobn y BYNO KOM TREHYTKY PafiHOT BpeMEHa.

Kaga cuctem 3a BeHTMNaumWjy paau ca 8 I/s ceexer
Ba3fyxa Nno 0cobu, KOHLUEHTPaUW]a YITbeH-ANOKCUAA He
6u Tpebano aa npekopauu BpenHocT 1.000 ppm. Ako
ce KOHLUEeHTpauurja YrbeH-ANOKCMAa Mepn Y BUCKHM
rnase ocobe Koja cefin, cpefita BPeAHOCT Y TOKY paj-
Hor AaHa He 61 cmena aa npehe BpeaHocT 1.500 aenosa
y MUANOH (ppm). Mepetbe ce 6asrpa Ha noTpebu aa ce
KOHTPONHMLLE HMBO YITbeH-AMOKCKAA KOjU je HacTao yC-
nep Avcarba NPUCYTHUX. Y NpoCTopMjama 3a HacTasy U
yyerbe, YKONMMKO HemMa Apyrux 3arahueaya, yriseH-amMokK-
cua je raBHM NHAOMKATOP KOHTPOSEe KBannTeTa yHyTpa-
WH-er Ba3ayxa.

KnumaTtumsauumja
3a cnpeyvaBakbe NPEKOMEPHOT 3arpeBakba NPOCTopa

YTBPNEHW Cy KpUTEPMjyMU KOjW KapaKTepuLly yCnose
WKONCKMM 3rpafama. OBM CTaHAapau ce ofgHoce Ha ne-
pron paaHor BpemeHa oa 9 ao 15.30 yacosa, of NoHe-
JefbKa 10 NeTKa, y neproay oA 1. maja Ao 30. cenTembpa.
« 0Opoj catTv y KOjUMa je rpaHnyYHa TemnepaTypa
npekopaveHa: TemnepaTypa Ba3fyxa y yunmoHmlama
He 61 Tpebano ga npehe 28°Cy sule o 120 caTu.

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
CNoJballbby: MPOCeYHa YHyTpalltba Temnepatypa ou
Tpebano fga byae suwa camo 5°C of Cnosballhbe.

+ MaKCVMasHa yHyTpallkba TemnepaTtypa Koja ce
NojaBu y TOKY PafiHOT BpeMeHa: yHyTpalltba
Temnepatypa y nepuoay NpucycTea ocoba He ou
Tpebano fa byae suwa of 32°C.

3.3 MoryhHocTn yHanpehetba edrkacHoCTU
€NeKTPOoeHepPreTCKMX CUCTEMA Y LUKOJSICKMM 1
NpeALIKONCKNM yCTaHOBama

EnekTpuyHa eHepruja y LUKOACKUM ¥ MPEALIKONCKIM
00jeKTVIMa Ce YrnaBHOM KOPUCTM 3a OCBET/berbe, Mpu-
npemy CaHUTapHe ToMse Bofe 1 NpUNPeMy XpaHe, MoroH
Knuma-ypehaja, paa padyHapcke 1 apyre onpeme. Y Bp-
TvhrMa je uecTta ynoTpeba enekTpuyHe eHepruje 3a npu-
npemy xpaHe.

YHanpeherbe eHepreTcke eGUKacHOCTU Kpo3 KO-
puiherbe enekTpuyHe eHeprije ce Moxe noctrhn pa-
LMOHaNM3aLUmMjoM NOTPOLWHE eNeKTpUUHE eHepruje u
edriKacHMjoM ynoTpebom cuctema paceete. PauroHanHa
ynoTpeba enekTpryHe eHepruje ce yrnaBHoM OHOCK Ha
npaBunHo kopuwhere knuma-ypehaja (CnanT cuctem),
KpO3 palyoHanHo MojellaBarbe TemnepaType y npoc-
TopuWjamMa y OfHOCY Ha Crosballtby ambujeHTanHy Tem-
nepatypy. Takohe, N3BECHO CMarberbe MOTPOLIHE eneK-
TpUYHe eHepruje ce Moxe NoCTUhM 1 Kog npunpeme 1
Kopuiwherba CaHWTapHe Tomne Bode Yy akymynalnoHVM
6ojnepuma. Mnak, rnasHu edekTn noseharba eHepreT-
cKe edUKaCHOCTI Y MOTPOLWH M eNeKTpUYHe eHeprije ce
ouekyjy y kopuwherby eHepreTckm epuKacH1X crctema
OCBET/bEMbA.

OcBetbetbe Yy NpocToprjama WKOACKMX W NpeaL-
KOJICKMX YCTaHOBa je BpNo Ou1THa KaTeropwja, jep ycno-
B/baBa afieKBaTHE PafHe YCII0BE 3a YUEHMKE M HaCTaBHW-
Ke Y WKOJCKMM 0BjeKTVIMA, Kao 1 3a bopaBsak v 1rpy aele
y NpefwKonckiM yctaHoBama. C 063VIPOM Ha BaXHOCT
OBaKBWX MHCTanauwja, Npv aedrHvcary 61N0 Kakeux
Mepa NoTpebHO je yBaxuTu CBe CTaHOapae y norneay
NOCTM3akba NPEMNOPYYEHNX HMBOA OCHOBHMX NapameTa-
pa KBanuTeTa OCBET/bEMbA:

- 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 cBeTnoCTU

+  pacnofgena cjajHoCTn

+  OrpaHuuerbe bneluTarba

+  CMep ynagHe CBETIOCTV Ha PafHy NOBPLUMHY
+  Tpeneperbe CBETIOCTU.

MNopes HaBeAeHVIX MoKa3aTesba KBanuTeTa OCBeT/be-
HOCTW, Unje Cy KBaHTUTaTMBHe Mepe fedUuHMCaHe Ofro-
Bapajyhum ctaHaapanma, npu n3bopy eprkacHmUx cncte-
Ma OCBeT/berba, Kao WTo je LED ocBeTrberbe, NoTpebHo
je BOAWTM pauyHa 1 O CMEeKTPalHUM KapaKTepucTVKama
OBMX M3BOPA, Kako 61 61nu nNprxBaTbuBM 3a HopaBak
Aele, haka v HacTaBHWKa Yy WKONCKUAM U MPEALLIKONCKAM
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. METOONOIMJA ®OPMUPAHA TUMONOIMNIE

OCHOBHY KOHLIeNT opmMrpar-a METOAONOrMje 3a pas-
BOj TMNOMOrMje WKona 1 BpTNa 3aCHOBaH je Ha UMHbeHW-
UM Aa He MocTojM AOBOSBHO MofaTaka O rpaheBrHCKOM
doHay oBuvx 3rpaga. PacnonoxueM nogaun yrnasHOM
MAEHTUOUKY]Y YCTaHOBE, TO JecT 3rpafe Koje MM npuna-
Jajy, peTko ca Hpopmalimjama o MOBPLLMHY, anu, Mo npa-
BUNY, 6€3 MKaKBMX NOAaTaka O KapakTepuCTMKama cammx
3rpaja HenomnxoAHMM 3a AedrHu1Carbe TMnonorvje.

3BaHWYHa CcTaTUCTMKa obpahyje yrnaBHoM 6poj yc-
TaHOBa, 6poj oferverba (Aele), HacTaBHOr ocobrba U
Apyre nojaTke Koju OfCAMKaBajy Pa3BOj LUKOMCKOT CUC-
Tema, anu ce MHGopmMaLmje o 13rpaaHn 1 KapakTepuc-
TVIKaMa WKoMa YrnaBHOM He Mory npoHahun.® Ycnen pe-
NaTMBHO OCKYAHVX MOAaTaka O MaTepujanHo-TEXHUYKIM
KapaKTepucTMKama 3rpaja, kao v nepuogrma y Kojuma
Cy urpaheHe, 3ak/byyeHo je fia je HEOMXOAHO V3BPLINTK
HaMEeHCKO MPWKyM/batbe MoAaTaka myTem nocebHO Auv-
3ajHMpPaHor Momwuca LWKoMa W NPefWKoCcKMX yCTaHOoBa
Koju 61 61O CnpoBefieH Ha LiefloKynHOj TepuTopujn Pe-
ny6nvike Cpbuje™.

OCHOBHM KOpaL jeJHOr OBaKBOT MOCTYMKa ce 6a3u-
pajy Ha MCKYCTBMMA CTEUYEHWM NpUAKKoM GpopmMrpatsa
HauvoHanHe Trnonorvje ctambeHnx 3rpaga, a 'y cneuu-
bruHoM cnyyajy n3pajae TMNONOTHje LUKOMCKMX v MpeaLu-
KOSICKMX YCTaHOBa pasfnKyjemo:

+ [ledunHucarbe HaurHa cnposohetsa nonmca
+ Qopmupatrbe ynnTHKKa ca onT1UManH1m bpojem
nuTakba Kako v ce obyxsaTunne cee cneymudruuHoOCTL

CTPYKTYpanHe opraHum3aLimje WKONCKUX 1

NpefLKOCKMX YCTaHOBA, Kao U peneBaHTHe

MaTepujanHo-TEXHNYKE KapakTepucTyviKe 3rpasa
+ Kpevipatse 6aze nogaTaka v MPOrpamcKor nakeTa 3a

MaHunynauwvjy nogaumma
+ [poBepy KBanMTeTa U KOH3UCTEHTHOCTH

NPUKYNSbeHNX NofjaTtaka
+ CTratncTnuky obpaay reHepaTVBHUX KapakTepyucThka

NPUMEHOM KnacTep aHanwmse

°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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« HedwHuncarbe Mofenckmnx 3rpafa 1 1spagay ,Mmatpmia”
WKOMCKMX, TO jecT MPeAWKoNCKUxX 3rpafa npema
OCHOBHWM reHepuyhmM napameTprma

« Opabvp TMNMYHWX, peanHux, 3rpafla Koje npema
CBOJUM KapaKTepuCT1Kama OAroBapajy reHeprcaHm
MOJENCKINM 3rpagamMa

HakoH reHepyicarba MaTpuiLe TUMMYHKX 3rpaja, He-
OMXOAHO je YTBPAWTM HUXOBE eHepreTcke KapakTepuc-
TUKe, Kao 1 MOryRHOCTK 3a yHanpehere na camvm Tim
Vi CMatberbe eMucuje yribeH-anoKcnaa. Metogonowkm ce
CTora, 3a CBaky pedepeHTHy 3rpagy, npeasvha aa ce:

«  MPWKYNW  TexHW4YKa [JOKyMeHTaumja ofabpaHumx
(peanHvx) 3rpaja Kako 6w ce aeTarbHO yTBpAMIe
MaTepUjanHO-TEXHUUKE KapaKTepUCTHIKe,

+  v3pagw enabopar eHepreTcke edUKacHOCTM 3rpaje
y Cknafy ca Baxehom MOA3aKOHCKOM pPerynatMsom
(OBpe je BaxHO HamMoMmeHyTW fa ce NPUANKOM
v3pane enabopata eHepreTcke epUKACHOCTU Kao
NOMa3Ho y3rMa NPOjEKTOBAHO, OPUMMHAMHO, CTarbe,
6e3 HakHafHWX WMHTepBEHUMja, Kako bu ce aobunu
nofaum Koju cy peneBaHTHY 3a Behu 6poj 3rpafa 6e3
yTnLaja KOHKPETHUX MHTEepBEHLUMja Koje Cy MoXAa
cnpoBoheHe Ha KOHKPeTHMM, ofabpaHmm 3rpagama.)

« peduHMLWY TpM HMBOA YHanpeherba apXUTEKTOHCKIX
KapaKTepUCTIKa, MALLWMHCKIX 1 eNeKTpOeHepreTCKuX
VHCTanaumja, y Cknagy ca akTyenHOM MpakcoM,
npenopykama EBponcke yHuje, kao 1 MatepujanHim
moryhHocTvma

+  v3page enabopatv eHepreTcke edprkaCHOCTY Ca CBYM
peneBaHTHVIM NoAalliMa 3a CBe H1BOEe yHanpehehsa.

4.1 KapakTepucTtuke nonuca

3a pa3fnky of nonuca cTambeHux 3rpafa paheHor
3a notpebe u3page HauvoHanHe Tunonoruje crambe-
HWX 3rpaja, Kafja je Nonunc, npema HameHCKK pPasBujeHoj
METOAONOMMjIN, paguna npodecroHanHa opraHv3saumja
Koja ce 6aBW CTaTUCTUUKUM UCTPaXMBarbMMa, 3a Mpu-
Kyr/batbe nofataka o WKonama 1 BpTuhrnma npumerseH
je apyraunjy NpuCTyn, KOjW je YK/byUuno NIOKanHe 3ajef-
HUUe v ekcnepTe. [IpomMeHa HauvHa NPKKyMbarba No-
[aTaka M npenasak ca LeHTpanv3oBaHe (CTaTUCTUYKM
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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.



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

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 NPOBEPYU HNXOBOT KBaNUTETa U CTPYKTYPE 1 NPUTOM
je BpleHo , unwherse” oHX ca Heoarosapajyhvm kapak-
TEPUCTUKAMA. YCNed PeNaTMBHO OrPaHUUYEHNX BPEeMEH-
CKMX 1 MaTepUjanHmX pecypca NoAaLmn HACY y CBUM CeK-
TopuMa 6mnu ofrosapajyher ksanuTeTa, Tako Aa je 6a3a
KopvwheHa 3a Aasbe aHanmse NPYMETHO pefykoBaHa Yy
OLHOCY Ha MHULMjanHy.

Mpouec npukym/barba Nofataka je nogpasymesao
ha ce Teputopuja Cpbuje nogenu y BuLWe permoHa v 3a
CBaKM PErnoH je GopmmpaH SoKalHM eKCnepTcKu THm
(MpadwikoH2).

3afaTtak TMMa je 610 Aa KOHTaKTMpa ca CTPYYHVM
cnyx6ama y onTMHamMa, ca AYPEKTOPUMA UK CTRYYHMM
cnyxbama MHCTUTYUMja Koje ce MOMUCYjy, Kao 1 noKas-
HUM eKCnepT1Ma Koju pacnonaxy NoTpebHM nHGopma-
umjama. EKcnepTn cy Takohe Umany 3agatak Aa NoKanHvim
MHCTUTYLMjama unv cnyxbama npyxe notpedbHy nomoh
Npw NONyHaBarby YNUTHMKA.

3a noTpebe nonuca je pa3sujeH HaMeHCKIN YIUTHUK.
OcHOBHM Wb NpojekTa je 61o fa ce Hanpasy TUMoNo-
mMja WKoMa W feunjux yCTaHoBa, anu je TOKOM MHULWjan-
He dase foHeTa of/yKa Aa ce UCTOBPEMEHO MOMULLY U
jaBHe 3rpafe koje Cy y BNaCHULWTBY Apxase® Kako bu ce
OBV NMOAALM KacHWje MO KOPWCTUTK 3a yTBphYBatbe
pedepeHTHNX MOCNOBHMX 3rpaja. [locneavua oBor,
cBobyxBaTHMjer obvima MonvcKBatba 3rpaja jecte fa je
YIUTHUK JOOMO CNOXKEHW]Y CTPYKTYPY ¥ NofesbeH je Ha
BYLLE rpyna N1Takba 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 NPUKynibarba NofaTaka o WKONCKUM
1 NPefLWKONCKMM 3rpasama

g

4.2 YNIUTHUK

OcHOBHa CTPYKTypa ynuTHUKa je dopmmpaHa kao
JINCTa NWTakba OPraHK3oBaHa y TP He3aBWcCHa Aena —
HVBOA: MAEja MONNCa je Aa ce KPO3 pasnnuute HUBOEe U
06VIM NMPUKyNsbarba NofaTtaka v13BpLUK, Npe CBera, nieH-
TUVIKaLMja jaBHMUX 3rpaa, MOTOM HMXOBO OCHOBHO MO-
N1UCKMBarbe, AOK je 3rpafiama LWKONCKMX 1 NPefLKONCKMX
ycTaHoBa nocseheHa nocebHa naxrba. MpakTuuHo, ynnT-
HULK Cy Ce YCNOXKHaBanv of HajjeHOCTaBHUjUX y np-
BOM, CBe [J0 BeOMa KoMMnekcHux y Tpehem Hueoy. Oc-
HOBHe KapaKTepmUCTHKe YNUTHKKA Npema HUBOVIMA CY:

+ [pBY HKMBO yNUTHKKa ObyxBaTa HajomwThja NKTakba

Y 3aMULWISbEH je Aa Ce OAHOCK Ha CBe 3rpaje jaBHUX

objekaTa. Kpo3 npBo nuTarbe BpLuK ce Knacudrikalmja

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 oppehyje
noKauuja ycTaHoBe — ONWTKHa rAe ce 3rpafja Hanasu
1 agpeca nHcTUTyumje. dedurHuiwe ce Takohe 13Bop
bUHaHCKpParba MHCTUTYUMje Byayhn fa mMoxe 6uTK
Ha HVBOY [p»aBe, Ha JIOKaNHOM HUBOY, Kao ¥ Aa ce
MHCTUTYLMja drHaHcKpa cama. OBaj HMBO YMUTHU-
Ka capprki CBera neT nuTarba 1 MPBEHCTBEHO CIyXM
nAEHTUOUKALMM MHCTUTYLW]A, TO jeCT 3rpafa Kojuma
Ce pacrnonaxe Ha ogpeheHoj Teputopuju.

[pyrvi HUBO yMUTHMKa CaapxK 14 nuTarba U OH je
HamerbeH MOMMCKBatbY aAMUHWUCTPATUBHYX 3rpaja,
CBVIX TMMOBA AEUMJMX YCTaHOBA, OCHOBHMX, CPefHMX
M CcneuvjanHux Wkona. Y agMUHUCTPaTVBHE 3rpaje
Cy CBPCTaHe CBe 3rpaje jaBHe HameHe Y [pxaBHOM
MW NOKANHOM BNACHULLITBY, KaO U aAMUHWCTPaTUBHE
3rpage jaBHWX KOMyHanHwx npepyseha, ocum 3rpa-
na nonnumje n Bojcke. OBaj HUBO YNUTHKKA je do-
KycvpaH Ha objekTe 1 nonyh-aBa Ce 3a CBe 3rpaje
nojeavHayHo Oyayhi fa mocToje MHCTUTYUMje Koje
00yxBaTajy BMlIe 3rpaaa OJHOCHO [1enoBsa 3rpafa.”’
[pyrvi HUBO YNWUTHYIKa je CTPYKTYpUpaH Kpo3 Heko-
nWKO rpynauyvja nuTtarba. Mpsa rpyna nutakba aedu-
HULLe TauaH 1 HeIBOCMUC/IEH MONOXaj 3rpaje, yHoce
ce v mofaum o agpecy, KaTacTapckoj OnLWTUHK, 6pojy
KaTacTapcke napuene, kao 1 6poj objekTa Ha napue-
nw. pyrv feo nuTara ce OAHOCK Ha HaumH 3vharba
1 kopuwhersa 3rpaje, To jecT Aa N je 3rpaja 3vaaHa
ca rpaheBMHCKOM [103BOSIOM, fja 1 Noceayje eHep-
reTCKn cepTUdUKaT UK je BPLIEH eHepreTcku npe-
rep. OBfe ce npoLetsyje 1y KakBoM je CTarby Te fia
NV Cy BPLIEHE HEKe MHTEPBEHLMje Ha 3rpaam 1Y KoM
o0bumy. Pagu nnaHvparea byayhux nHTepseHumja ae-
GUHMLLIE ce 1 fia NIV Ce MOMKWCaHa 3rpaja Hanasmy He-
KOM CTaTycy 3awTuTe. [Jpyrn A€o ynuTHUKa feduHn-
e 1 Kaja je 3rpaga carpaheHa, 61no npeko TauHe
rofinHe rpadr-e Unv NoHyheHnx nepuoga n3rpagroe.
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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 naeHTUdMKaLmja 3rpada
y CKNagy Ca paHuje HaBedeHVM Knacudukaumjama, anv 1 ca
6azom nogatka kojy dopmmpa YHAIM. OcHoBHa naeja oBako
CTPYKTYPVPaHMX nofaTtaka jecte fa ce omoryhu KacHuje
mehycobHo 0bjeintbaBatbe pasnuunTx 6asa nogataka.

> Ha npumep, jejHa NpeawWwKoncKka ycTaHoBa MOxe Aa MMa 1
Buiwe of 30 BpTrha cMewTeHrX 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 M
3rpafa NPefwKoNCKMX yCTaHOBa Cy:

« npe 1945.
« 1946-1970.
« 1971-1990.

«nocne 1991.

« Tpehn HMBO yNUTHMKA je HajOOUMHMjI Ca YKYMHO 48
NUTarba M NOMYyHaBaH je Camo 3a 3rpaje WKona u fje-
unjux yctaHoBa — BpTuha. OBaj A0 YMUTHMKA Kapak-
TepuLLE jaCHa Nofesna Ha Tpu Aena Koja ce OfHOCe Ha
APXUTEKTOHCKE KapaKTePUCTUKE 3rpafe, enekrpoe-
HepreTcke cMcTemMe 1 MalMHCKe CUcTemMe na cy 1 nii-
Takba rPynM1caHa Ha Taj HaumH.

[Tarba y BE3M Ca apXMUTEKTOHCKO- MaTepujasiH1M
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KajpakTepucTMkama 3rpaia
HakoH rpyne nuTakba Be3aHMX 3a HaumnH Kopuwherba

3rpage, a Kojuma ce feduHulie KOMMKO Ce BpemeHa

3rpaga KopUCTY TOKOM [laHa, Hefesbe Unv rogvHe, npu-

Kyrsbajy ce mofalm O Camoj 3rpau: KonvKa je noBpLuvHa

3rpage (bpyTo, HETO, rpejaHa, xnaheHa), a NoTom ce npe-

UM3HO fedUHMLLY KapaKTepuUCTVKe OMOTava 3rpage npe-

CyAHe 3a tbeHe eHepreTcke nepdopmaHce Kpo3 BenKM

6p0j N1Tarba y Be3n ca cnefehnm kapakTepucTrKama:

«  KOMMaKTHOCT 3rpage

+  CNpaTHOCT 3rpage

- Matepwujan dacaaHor 3uaa (Feros KOHCTPYKTUBHM
[1e0, Kao 1 NOCTOjarbe TepMowu3onaLinje y CKony
bacaaHor 3uaa)

- TWN W MaTepujan 3aBpluHe obpaae dacage

- TWMN NPO30pa, 3aCTyNSbeHOCT NPO30pa Ha dacaan,
maTepujan npo3opa

+ TN KPoBa (KOC UK paBaH) 1 Herosa 3aBpLiHa
obpapna

- kopuwherbe TaBaHCKOT MPOCTOPA 1 NOCTOjakbe
TEPMOM30MaLje Y KPOBY, OAHOCHO Y NMOTKPOBHO)
TaBaHWLN

- kopuwherbe NOAPYMCKOT MPOCTOPa 1 NOCTOjaHbe
TEPMOM30NaLWje Y CKIOMY TaBaHMLE Ka MOAPYMY.

Y3 yIUTHIUK Cy NpUnpembeHe rpaduruke Lweme v cim-
Ke Koje mpy»Kajy objallrberba 3a MocTaBfbeHa M1Takba U1
TMMe OMOryRnyjy HKXOBO Nakle TyMayeHe 3a NoKanHe

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 1997,

- 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 PasnuumnTix 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 KOMMAKTHOCTK 3rpase

2+ A

1T A

KOMMaKTHa
compact

MpadukoH 4. paduuke weme Koje nnycTpyjy moryhe ogrosope
Ha MUTarbe O 3aCTYM/bEHOCTV 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%
nospLwnHe dacaae)

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

>50%

O6jekTu ca gocTa 0TBOPa

(oTBOPU Ha pacapama Cy opraH13oBaHm
nojearHayHo 1 3ay3umajy suie of 50%
nosplwuHe dacage)

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

O6jekTn ca focTa oTBOPa

(oTBOpPYM Ha dacapama Cy opraHM30BaHK
y 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, NpeaguheHo je aa ce y3 NonyrbeHe YNuTHW-
Ke npunpemmn GoToaokyMeHTalwja (Npema yHanpes ae-
GUHMCaHUM NpUHUMIMMa doTorpadumcarba) Koja omo-
ryhaga nposepy nojeanHnx nogataka, anv u aetarmbHujy
naeHTUdMKaumjy seher 6poja enemeHata Matepwjanisa-
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/beHba
3a oppehuBarbe noctojeher craka O ynoTpebu

eneKkTpuYUHe eHepruje, dopmmpaHa Cy NiTakba Be3aHa 3a:

- roaulby NOTPOLLIMY eNeKTPUYHE eHepruje

+  ynotpeby knnma- ypehaja*®

-+ YNOTPeOdy enekTpuyHe eHepruje 3a Npunpemy
CaHWTapHe Torne Boae

- YNOTPeOdy eneKkTpuyHe eHepriuje 3a BelTayko
OCBET/bEHE

- MPOW3BOMHY ENEKTPUYHE eHEpPrUje 13
HOTOHAMOHCKMX cMCTEM.

Kako Halm nponucu O eHepreTckoj epuKacHOCTM
3rpaga npyxajy camo TabenapHe nopatke o notpeb-
HOj eHeprvju 3a NpuNpemMy CaHwWTapHe Tomnne Bofe
OCBET/bEHE, MPEeMa BPCTY 3rpafe 1 HeHOj NOBPLINHNY,
Ha OCHOBY OBWIX MWTarba je Moryhe OapeauTV MoTeH-
UMjan cBake WKone 3a yHanpeherbe eHepreTcke edu-
KaCHOCTU Kpo3 yHanpehere c1uctema 3a Npunpemy ca-
HUTapHe ToM/e BOAE, Kao ¥ Npw kopuihery BelTaykor
OCBET/bEHbA.

[WTarba Y BE3U Ca TEPMOTEXHUYKMM NHCTaaLUM]ama
CeT nuTakba 13 06MaCTM MaLUMHCTBA CafpPXao je He-

KOMMKO rpyna nvTarsa.

- [lpBa rpyna ce ogHOCUNa Ha 3aCTyr/beHOCT MHCTa-
naumja 3a rpejarbe, BeHTUMaUKMjy, KnMmatusaumjy u
npunpemy CTB y 06jekTy (LWWKOAN, OAHOCHO 3rpaam
NPeALLKONCKe MHCTUTYLWjE). 3a CBaky Of HaBeAeHMX
VHCTanaumja noHyhenn cy cnegehu ogrosopu: Liena
3rpapa, Hajsehv feo 3rpaje, Marby ieo 3rpaje, Huje
MHCTanMcaHo.

«  [pyra rpyna nutarba OA4HOCKNA Ce Ha UHCTaMCaHe
cuUcTemMe 3a rpejarbe v OCHOBHM KopulheHn eHep-
reHT. Takohe, KOPUCHULUM Cy OfroBapanu v Ha nu-
Takbe KOSIMKO CY 33[JOBOJbHM CBOJUM MPEjarbeM.

Mopen cTatuUCTMUKe Obpafe OAroBopa Ha mMoje-
AVHauyHa nwuTakba, yTBphHeHa je u kopenauuvja v3mehy

*¢ OBaj NopaTak je Ha HMBOY MAEHTUMKaLWje 1 NpoLeHe

KanaumreTa MHCTanMcaHmnx Knma- ypehaja, yKonmko He
NnocToje NpeuUn3Hn nogaum
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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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NPUMEHEHOT CUCTEMA 3a rpejarbe (OKanHO rpejarbe,
LIEHTPANHO rpejarbe, AarbUHCKO rpejarbe, TOMIOTHE Mym-
Mne) v olieHe KOPUCHMKa O KBANUTETY rpejarba NpoCTo-
pa (oanruHo, 406pPO, 3310B0sbaBajyhe, feNMMMUHO 3aA0-
BosbaBajyhe, nouse).

Takohe, yTBpheHa je 1 Kopenauwja n3mehy kopuiwhe-
HOM eHepreHTa (APBO, yrasb, TEYHO FOPUBO, MPUPOAHM
rac, eNekTpnyHa eHepruja) U oLieHe KOPUCHMKa KOMKO
Cy 3a[J0BOJbHY 3arpeBakbem NpocTopa.

4.3 ba3a nogaTaka

CAMYHO Kao M Kof pa3Boja TWMOMorMje CTambeHux
3rpaja, 3a notpebe v3paze TMNONOrMje WKona 1 NpeaL-
KOJICKMX YCTaHOBA je HaMEeHCKM pasBujeHa v CTPYKTypw-
paHa 6a3a nogataka. OCHOBHa MAeja NPUANKOM GopMKI-
parba 6a3e jecTe aa byae naka 3a kopuiwherbe, aa omoryhu
630 1 NaKo NPeTPakMBarbe Mo CBUM KapaKTEPUCTMKaMa
3rpaja, anv U NpUMeHsbIBa 3a KacHuje kopulihere apy-
VM KOPWCHULIMMA, Kao ¥ I0MYyHaBakbe HOBVM NofaLiima
O WKoMama 1 Aeumjnum ycTaHoBama/BpTvhnma.

[poBepa NPUKYMN/bEHNX NOAaTaKa

Kako cy ynuTHVK nonyHasane 0cobe Ha TepeHy Koje,
Hajuelwne, HICY eayKoBaHe Yy 00MacTV apXUTEKTYPe, Ma-
WWHCTBA WM eNeKTPOTEXHVIKE, Kao HK 0bnactu eHep-
reTcke epUKacHOCTW, MPUMEHOM MPOrPaMCKOr MakeTa
M3BPLIEHA je NPOBEPa YHETUX NofaTtaka. Y CydajeBrma
re je NPOUEHEeHO Aa NOAaLM HUCY KOH3WUCTEHTHU WK
oarosapajyhu, BplieHa je AennMMryHa NpoMeHa HxoBe
cTpyKTypE: oapeheHn 6poj yHoCa je HaKOH pasnnumnTix
BPCTa NpoBepa*’ KOPUroBaH, a Tamo rae Huje brno mo-
ryhe yTBpAMTM TaUHO YMHEHNYHO CTakbe YHOCK Cy Map-
KMPaHW Tako fla He yT1Yy Ha Aasba pasmatparba. O6vm-
HOM aHaNM30M LENOKYMHOT MaTepujana KOHCTaTOBAHO je
[la PenaTvBHO Manu 6POj YNUTHKKa Noceayje OAroBope
Ha CBa NWTakba, anu fla UCTOBPEMEHO NPUKYMIbeHN MaTe-
pvijan NpeAcTaB/ba 3HauajaH PeCypc Koju Npy»a A0BOb-
HO MofaTaka 3a fja/by aHanu3y.

** TpoBepa je BpLIEHa Ha OCHOBY PACMONOXNBYX NofdaTaka Ao
KOjWX Ce MOrno A0NW, HajBUILLE CajTOBa CammX LIKOMCKMX UK
NPeALIKONCKUX YCTaHOBA, NMoAaTaka JIoKalHIUX 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
AHanvza 6a3e nopaataka 36or opabupa pedepeHT-

HUX 3rpaja, Npema yHanpesn aeduH1caHnmM napameTpu-
Ma Knacvdukaluje, cnpoBeaeHa je kopuwhersem cTa-
TUCTUYKOT MPUHLMNA Knactep aHanmse. OBa TeXHMKa je
HeomnxoAHa Kako 61 ce y OKBMPY LieNokynHe base u3-
[BOjWNe XOMOTeHe rpynaumje Koje KapakTepuLly CinyHe
0cobMHe ca acmnekTa MaTepujanHo-TeXHUYKUX nepdop-
MaHcw. Y paay je kopuiwhera K-MEHA KITACTEP AHAJIN-
3A KOja je KaO reHepaTMBHE KOPWUCTWNIA, MPBEHCTBEHO,
napameTpe Be3aHe 3a CTapoCT, BOTYMETPU]Y 1 MaTepuja-
nvsaumjy dacage. Octanu napameTpu UaeHTUOMKOBaHN
y NOMUCY Cy NPEeACTaB/ban KOHTPOHE BPeLHOCTA 1
MManu cy 3Hauaj Kog Beher cteneHa CIMYHOCTM TUNOBA
1 TaKo oMoryhunwv pasgasajatbe 1 aedrHvcare NogTUMNo-
Ba. Kao pesyntar oBOr npoLeca, 3a nNojeanHe nepuoge
Ce jaBrbajy jeAMHCTBEHN NPEACTaBHMLW, AOK Ce KOA APy~
TMX NOjaBsbyjy ¥ NMOATUNOBK Ca JEMMMUYHO PA3INUNTIM
KapakTepucTKama.

Linb knacTep aHanwmse je fa CBe 3rpaje W3 y30pKa,
Koje npvnagajy oapeheHom TUMY 1 Nepuomy rpage,
6yny pa3spcTaHe npema yHanpef aeduHUcaHoOM Bpojy
rpyna, ay 3aB1CHOCTM Of YKyMHOT y30pKa. C 0631pom Ha
TO [ia je y ynuTHUKY 61no Buwe of 70 NuTarba, Kao aeTep-
MUHULWYRNa y OKBMPY CTapoCHe rpyne 1 ypbaHUCTUYKOr
TMNa Cy ofabpaHa NWTakba Be3aHa 3a KOMMAKTHOCT 3rpa-
Ae, tbeHy 6pyTo MOBPLLUMHY, CNPATHOCT, MaTepujan oA
KOra je 3ufaHa 3rpaga, TMn KpoBa, Npo30pa, NOCTojarbe
TEPMOM30MaLMOHOT C10ja U CIIMYHO.

To, NpaKkTUYHO, 3HaUM Aia je Y OKBMPY jefHOr neproga
rpagre 1 3a jeaaH ypbaHUCTnuky TMn aeduHm1caHo Mak-
CUManHo neT rpyna 3rpaga Koje ou Tpebano fa byay -
n14YHe NpemMa ocTanvmM napameTpuma. Of naeHTndmKo-
BaHMX rpynauumja ce cMaTpa Aa je HajTUNmMyHmja oHa Koja
je Haj3acTyrn/beHnja y caMoM Y30pKy. Y OBaKBOj METOLO-
nornju 6w Tpebano GUTK NocebHO 0ba3puB Kaaa Cy ABa
Knactepa (CKyna 3rpaja) NoAjeHaKe BeNnymHe 1 Taja je
HEOMXoAHO y3eTW ¥ 0031p ¥ OCTane CKynose 3rpaja Ao-
6vjeHe 3a Taj nepurop.

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 fobujeHvx pesyntata knactep aHanmse
BPLUEHO je NpeTpaxmBatbe 6ase noaaTaka 3apag npoHa-
naxerba objekaTa Koju Hajsulle OAroBapajy MOAENCKAM
KapakTepucTiKama. Y nosbuma rae nocToju jacHO m3pa-
XEH jeflaH OMnMC TUMNCKUX KapaKTepuCTMKa, 13BPLIEH je
ofabuvp jenHor TMna 3rpage. Y nosbuma rae cy pasHon-
PaBHO 3aCTyrn/beHa ABa Onu1ca (KapakTepucTrke), a CTa-
TUCTUYKIN U TEXNHCKM CE HEe MOXKe W3LBOjUTY JOMUHAHT-
HW TN, BpaH je TN ¥ NOATUN 3rpaje.

MnycTpaumja OCHOBHMX reHepaTVBHMX NapameTapa
KopuLWNeHWX y mpoLiecy Knactep aHanuse, To JecT Hixo-
BVX MAEHTUUKOBAHWX BPEAHOCTY, 3a LUKOMCKE 3rpage je
npukasaHay Tabenu 11, a 3a 3rpage NpefWwKoNCKmX 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 nospuumHa (bM)
gross floor area
Mepuion MNapameTp aHanmse Marbe o 500 m’ 0500 0 2000 m? gehe o 2000 m?
Period Analysis parameters smaller than 500 m? from 500 to 2000 m? larger than 2000 m?
TN/ nogtvn type / subtype | 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
Before 1945 compact / partially complex | partially complex / complex
TMN KpoBa roof type Koc KpoB pitched roof Koc KpoB pitched roof Koc KpoB pitched roof
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 KOMnMakTHa compact KOMnMakTHa compact pa3syheHa complex
VN KpoBa roof type Koc KpoB pitched roof Koc KpoB pitched roof Koc KpoB pitched roof
onexka brick
MaTepujan dacapHor 3uaa facade | oneka brick oneka 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 255 m? 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 Kposa roof type Koc kpoB pitched roof Koc kpoB pitched roof Koc kpoB pitched roof
matepujan GacapHor 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 mnm 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 Mapametpy 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 nenvMmuHo pasyheHa 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 dacapHor 3uaa facade oneka brick oneka / 6eToH brick / concrete
oneka brick
BIT1 gross floor area 1500 m? 2450 m?
cnpaTHocT floors M+1 GF+1 M+2 GF+2
[Mocne 1991. | KOMMNAKTHOCT compactness KoMMaKTHa / aen. pasyheHa pasyheHa complex
After 1991 compact / partially complex
VN KpoBa roof type KoC KpoB pitched roof KOMBMHOBaHM KPOB
combined roof
MaTepujan dacanHor 3uaa facade 610K K oneka clay block 610K 1nu 6eToH clay block or
or brick concrete

Opabup peanHux penpeseHaTa MOAENCKMUX KapaKTe-
PUCTMKA je BpLIEeH MpeTparom PacronoKmMBKMX NoaaTta-
Ka obpaheHux y 633w, y3 naeHtudukaumjy seher 6poja
noTeHUMjanHmX ,KaHanaaTa” 3a CBakn MOAEeNcku obje-
KaT. VickycTBO npunnkom m3page HauvoHanHe TMnono-
rvje cTambeHunx 3rpafda je ynyTuno UCTPaKMBaUKM TUM
Ha noTpeby 3a BULLECTPYKMM M36OPOM ycnes npobne-
Ma KOju HacTajy AeTa/bHOM MPOBEPOM KapaKTepuCTMKa
Ha TepeHy. Beoma uecTo, peanHu nogaum He ofroeapajy
Y NOTAYHOCTN OHUM Ha3HaYeHUM Y NONUCHUM GopmMyna-
p¥IMa UK je Beoma TelKko Aohn Ao apyrux nHdopmaumja
HEOMXOAHVIX 33 MPOPaYyH EHEPreTCKMX KapakTepmncTKa,
npe cBera NpojekTHe AOKyMeHTaLmje.

MpBOOUTHM 0AABVP je YK/bYUMBaO NeT A0 AeceT obje-
KaTa 3a CBaKO Mosbe (YKONMKO je 6asa caaprkaBana Takse
nHdopmaumje). 3a nojeanHe NosmuUMje BPLIEHO je AoaaT-
HO WCTpaxmMBarbe 300r uaeHTUGMKaumje objekata, np-
BEHCTBEHO yCfiel HeJoBO/bHO OOYXBATHOT y30pKa WK
HenocTojarba oArosapajyhunx noaataka. Ha osaj HauuH je
[ONyHaBaHa opurHanHa 6asa.

Mpvikas @UHaNM30BaHe MaTpuLe peanHux perpe-
3eHaTa MOJENCKMX KapaKTepPUCTUKa (TUMOBA) WKONCKUX
3rpaga je aaty Tabenn 13, AOK Cy 3rpaje 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.

wi

W
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Tabena 13. Tvnonouwka MaTpurua oaabpaHunx penpeseHaTta Table 13.The typological matrix of the selected representative
LUKOJICKIX 3rpaja school buildings

Mepuon Mane wkone (go 500 m?) [Lkone cpeprbe BermumHe (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
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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?)

[0 1945,
before 1945

1946-1970.
1946-1970

1971-1990.
1971-1990

nocne 1991.
after 1991
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TexHryka JOoKymeHTalumja

[Mpyikym/baktbe TeXHWUKe AOKyMeHTauuje npencTa-
B/bao je cnefehu Kopak y pagy Ha yTBphuBarby eHepreT-
CKMX KapaKTepucT1Ka NocTojennx 3rpaaa, To jecT npode-
HW MOryRHOCTU yHanpehera. YCTaHoBe Koje ce Hanaze y
aHanv3MpaHnM 3rpafiaMa cy y Hajgehoj Mepw nokasane
3y3€eTHY KOOMEePaTVBHOCT Y fafbeM Pafly NpyKajynn nH-
bopmauje HeonxoaHe 3a cnposoherbe ofroBapajyhiix
npopadyHa. Ha »anoct, koa Beher 6poja 3rpafa Huje
6vno moryhe aohn 1O NpojeKTHe (TeXHWYKe) AOKyMeH-
Tauuje vAn je aHanM3om NpubaB/beHe OOKyMeHTaluuje
yTBpHeHo fa objeKkaT OACTyNa Of KapaKTepUCTUKA MO-
[encKMx 3rpaga W fa ce He MOXe KOPWUCTUTU Y Aa/bem
paay. Y Tom cnydajy TpaxkeHe Cy antepHatuse, Hajuelwhe
Kpo3 naeHTndMKaumjy HOBYX penpeseHaTa 1 YMTaB noc-
Tynak je moHaB/baH. Y cyyajeBnmMa Kada v nopef no-
HOBSbEHOT MOCTYMKa 1 naeHTUdMKaLmMje anTepHaT1Ba U
Jasbe Huje brnno Moryhe ohn o NpojekTHe AOKyMeHTa-
umje, NPUCTYNano ce CH1UMarby 3rpafja Ha TepeHy.

YBUAOM Y MPUKYIbEHY TEXHWUUKY AOKYMEHTauujy v
nopehersem ca CTakem 3rpaje Ha TepeHy KOHCTAaTOBaHO
je fa BeoMa 4eCTo NOCToje OACTYNarba Of OPUrMHANHON
npojekta. OBa MojaBa je HapouMTO M3paxkeHa Kop CTa-
pujux 0bjeKaTa, KOf KOjux Cy MPBOBUTHO M3BEAEHN PaBHM
KPOBOBMW KOjW Cy BpeMeHOM Nnoyeni Aa NpoKMLHbaBajy. Y
OBMM CydajeBMMa Cy BEOMa YecTo 3rpajde Hagorpahe-
He, YMMe je CaHMPaH KPOB, anu UCTOBPEMEHO 1 AobujeH
HOBW KOpWCTaH npocTtop. [lprumeTHa je 1 nojaBa [o-
rpahviBarba 3rpafa ycnen ynotnyrasaka GyHKLUMOHAN-
HWX acrnekaTta (CaHUTapHM YBOPOBW, Kyxikbe, cane 3a Gu-
314KO) Kao v noseharba Kanaumteta. C 0631Mpom Ha To Aa
je ynuUTHMK 0ByxBaTao 1 Lieo HW3 NiTarba Be3aH 3a CTake
3rpaje 1 CnpoBefeHe VHTepBeHUMje Ha HlMa, NpUMeT-
HO je fa ce Kao Hajuewha MHTEpPBEHLMja jaB/ba 3ameHa
npo3opa. HajyobuyajeHnja MHTEpBEHUMja NoApa3ymMe-
Ba [a Cy CTapv [IpBeHV Npo3opun mnKn LipHa 6pasapuja
3aMeHeHN MAACTUYHMM MPO30pMMa Ca M30MaLMOHUM
[ABOCTPYKMM CTaKnonakeToM. Ha »anocT, Takev Npo3opw,
no NpaBuny, He OAroBapajy TpeHyTHO Baxehoj peryna-
TVBK, Na Ce y CNydajy 0OHOBe 3rpafa npeasnha ixoBa
3aMeHa Npo3opyrMa Koju 1CMyrbaBajy MponucaHe ycno-
Be 3a 3rpajie Koje ce 0bHaBsbajy (MaKCMMaNHO O3BObEH
KoeduUWjeHT Nponasa TonnoTte 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 neppopmaHcm n geduHu-
catbe MeTofosnoruje yHanpehera

3a cBe ofjabpaHe peanHe penpeseHTe MOAENCKMX
3rpaja, Ha OCHOBY TeXHWYKe AOKYMeHTauuje, ypaheHu cy
enabopatu eHepreTcke eprkacHOCTW. 360r 6osber carne-
faBarba nepdopmarcy noctojeher cTaka 1 MoryhHoCTK
yHanpeherba, enabopatn cy paheHu y neT Bepsuja:

- [pojekToBaHO CTarbe MOApPasymMeBa 3rpaje y np-
BOOUTHO MPOjeKTOBAHOM CTakby, 6e3 3aTeUeHnx VH-
TepBeHUMja Ha BOYMEHY WM enemeHTMMa OMOTa-
ya 3rpaje, WTO 3HauM Aa U ako cy y mehyBpemeHy
3amMeHeHn NPOo30pK, NpY NpopadyHy cy Kopwwhe-
HW opurMHanHu. Y oBOj ¢asn eHepreTcke nepdop-
MaHce Cy pauyHaTe 3a nocTojehu (3aTeueHn) cuc-
TeM rpejarba 1 CUCTeM OCBET/beHba, KOjW Cy Hajuelwhe
NPOMEHEHN Yy OAHOCY Ha OPUMMHANHO NPOjeKToBa-
HO CTakbe (HapouMTO Kof CTapujnx objeKara).

« 3aTeyeHO CTakbe KOje yK/byuyje peann3oBaHe nHTep-
BeHLMje Koje Cy, ¥ rpaheBrHCKOM CMUCITY, Hajuelwhe
obyxsaTuie 3ameHy Npo3opa M MOHerAe KPOBHOM
NOKpKMBaya, Kao 1 eBeHTyaNHy Jorpadrby AOLATHUX
N HaKHafHY aKkTMBaLMjy HerpejaHnx npoctopa (Haj-
vewhe noapyma).

+  YHanpebeme 1 Koje je y cknagy ca Bakehum nponu-
CVIMa, KOjVIM Ce OCTBapyje NoOOosbLLakbe eHepreTcKor
pa3pefa 3rpafie 3a jeflaH HMBO. Hajuewhe ce oBak-
BO nobosbliatbe MocTuxe Beh nocTaB/barbem Kaa-
nuTeTHMX (koeduumjeHT nponasa TorsioTe Npo30-
pa U=1,4 W/m?’K) n nobpo yrpaheHrx nposopa Koju
CMatbyjy npofyBaBatbe (yHanpehere Knace 3antu-
BEHOCTW NpW NpopadyHy Ha fobpy). Y cnyyajy Aa 3a-
MeHa Npo3opa HuWje Aana xefbeHe edekTe, y Nobosb-
LWarby EHEepreTcKor paspefa MHTepBeHWCano ce Ha
LPYTM, NaKO JOCTYMHMM eleMeHTMa OMOTaua, Npe
CBera Ha M3onaumju mehycnpaTtHe KOHCTPYKUMje Ka
HerpejaHoM TaBaHy, a 3aTUM 1 Ha m3onaunjv dacaa-
HVX 31M[0Ba.

«  YHanpebeme 2, kojum ce npeasuha MHTepBeHUMja Ha
CBVM eflemMeHTMMa OMOTaua 3rpage Kako b1 ce yckna-
LUKV Ca NojefjMHaYHMM 3axTeBrMa 3a No3unumje Tep-
MWYKOT OMOTaua 3rpafia Koje ce obHaBbajy (BMAeTH
Tabeny 6). ViHTepBeHUMje YrnaBHOM MopapasyMeBajy

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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[OfaBarbe CJlojeBa TepMou3onaLnje, anv v temesb-
Hy PeKOHCTPYKUMjy No3uLmja y3 npensuheHy 3ameHy
CBUWX A0OTPajannx KOMNOHEHTH (DEKOHCTPYKLMja paB-
HIX U KOCUX KDOBOBA Y3 3aMeHy ClojeBa XMAPOU30-
nauuje 1 KPOBHOT MOKPUBaYa).

«  YHanpehewe 3, koje noapasymeBa BUCOK HWBO
yHanpeherba enemeHarta TeEpMUUKOr OMOTaua 3rpa-
ae. OBum HMBOOM yHanpehersa ce npeasuhajy mepe
Koje Ce MOry CMaTpaTVi MakCUManHWMm, a y CKnagy
Cy Ca TPeHyTHVWM MoryRHOCTMMa npakce (aocTyn-
HI MaTepWjani 1 TEXHONOTWje) 1 eKOHOMCKMM YCI0-
BMMa Ha Hawem TpxuwTy. OBaj HMBO YKa3yje Ha MO-
ryhe gomeTe ywtese eHepruje v cMarberbe emncuje
yrbeH- ANOKCUAA.

CBe VHTEepBEHLMjE Ha TEPMUYKOM OMOTauy, Koje Ae-
buHMCaHa yHanpehera noapasymeBajy, WNyCTpoBa-
He Cy KPO3 CKMLe Mo3uumja ca CBUM KapaKTepUCTUY-
HUM cnojeBuMa y nocTojehem CTakby 1 Kpo3 TpU HYBoa
yHanpehera (MnycTpaumje nprnkasane y Krmsn 2 1 3, 3a
CBakM penpeseHT TMna). Ose nnycTpauuje 1 onuce Koje
VX NpaTe Tpeba NOCMaTPaTV Kao TUMCKM OMUC MHTEPBEH-
umMje, AOK Ce TexHUUKe 1 MaTepujanHe cneumduyHoCcT
Koje HacTajy y npakcu mMopajy obpahuneaTvt Ha KOHKpET-
HOM Ciyyajy. To ce HapouMTO OAHOCK Ha C/1ojeBe Moaa
NPV PEKOHCTPYKUMjWU MeRyCnpaTHYX KOHCTPYKLMja U No-
AOBa Ha Ty, NowTo 0fabvp MaTepujana y BENMKOj Mepn
YCJI0B/baBa v C/lojeBe NOAMOre; TO je Cayyaj v ca ogabu-
POM KPOBHOI MOKPMBayYa KOA KOCKX 1 XMOPOU30MaLmo-
HOr Matepujana 1 GrUHanHor Cnoja Ko paBHUX KPOBOBA,
a OHOCK Ce 1 Ha NOCTOjarbe C/10jeBa CTapor ManTepa npe
NOCTaBsbarba TEPMOM30NALMOHOT C/oja (y cyyajy aa je y
AOOPOM CTakby U Huje MOTPEOHO HErOBO YKNaHatbe).

CneuynduuHocTn y norneay TpeTmaHa 3rpaga Koje
VXKVBajy ofpeheHn cTeneH 3alTnTe Kao KynTypHOMUC-
TOPWJCKN CMOMEHMLM, yBaXXeHe Cy Tako [a je npep-
BYHEHO nocCTaB/batbe TepMoum3onalMHOr Cfoja  ca
YHYTPaLlkbe CTpaHe 31fa, WTO je onuuja koja Takohe 3a-
BVICVI Of] KOHKPETHOT CAyyaja 1 MPOCTOPHYMX MOTYRHOCTY.
TpetTmaH dacafjia ca 3aBplHMM cnojem dacajHe oneke
“nu BETOHCKMX MaHena Takohe npefcTasrba Mpobnem
KOMe, NpW PEKOHCTPYKUMjK, Tpeba NpuCTynnTX ca no-
CceOHOM NaXKHOM, Kako ce He 611 M3rybro apxXUTEKTOHCKN

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 panelfinishes 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 M360POM 3aBPLIHOT MaTepujana Ha da-
caan. MNpensuheHrn cy TeXHONOLWKK NOCTYNLM Kojuma ce
UyBa OPUIVHaNHW apXMTEKTOHCKM K3pas3, a NpuMerbyjy
ce y3 NocTaBsbatbe M30MaLUMOHOr MaTepujana ca Crnosb-
He cTpaHe. lako 3HaTHO yTMUy Ha LieHy MHTepBeHuMje,
OHV BUTHO He NobosbliaBajy eHepreTcke nepdopmaHce
HUTK YTYY Ha NpopadyHe. Takohe, peKoHCTpyKuMje no-
[10Ba Ha TNy, JofaBarbe TEPMOM30/1aUMOHOr MaTepujana,
M3NCKYjy Beoma ObUMHe foflaTHe pafoBe (PeKOHCTPYK-
Uvja yHyTpallkbux BpaTa, rpejHuX Tena v MHCTanauvja,
KopeKLUWja BMCUMHa CTeNeHMLWTa 1 Harmba pamnm) Tako Aa
He NpeacTaB/bajy yBek peanHe onumje npu obHosn. Ce
KOMM/IeKCHE Mepe 1 PafioBU Ha PEKOHCTPYKUMjK KOojn
JonprHoce Nobosbliaky eHepreTcke eprkacHOCTU Ta-
Kohe foBoAe [0 3HaYajHUX eHepreTCKUX ywTeaa v pas-
MaTpajy ce y mctpaxmBaroma (hykosuh Krratosuh,
NrivaToumh, CraHkosuh, 2016; Virrbatosuh, JoBaHoswh
Monosuh, KaspaH, 2015) anv Hrje 61no moryhe yKbyuu-
TV X Yy OBAKO OOVIMHY TUMOMOTUjy.

Ce oBe CMeundUUHOCTM MOry BEOMa YTWLATM Ha
MHBECTULIMOHY BPEAHOCT Mepe ObHOBe, anv MOLITO 3a
NpoLUeHy TEePMUUKMX KapakTepUCTMKa CKAoMa HaKoH
yHanpeherba NpecyaHy ynory vma aebsbrHa TepmMoun3o-
NaLMOHOr CJloja, 0Ba OCOOMHA je cMaTpaHa oanydyjyhom
npunrkom fedunHucarba Mmepa obHose. Tako, AebrbiHa
n3onauwje kog yHanpehera 11 2 kpehe ce y rpaHnLama
Koje ce npuMerbyjy y Mpakcu 1 Cnom Kojux He 61 Tpeba-
no npuctynatn obHosK (10 cm 3a dacagHe 3maose, 15—
20 cm 3a mehycnpaTHe KOHCTPYKLUWje UCMOoA U U3HaA He-
rpejaHvx npocTopa, 20 cm 3a KOCe 1 paBHe KPOBOBE, 5
CM 3a MoAO0Be Ha Ty ), IOK ce 3a yHanpehere 3 npea-
Bba MakcMManHa AebsbrHa M3onauunje Kojy je Moryhe
NOCTUAN TPEHYTHUM TEXHUUKO-TEXHONOWKMUM pellersU-
Ma Npu pekoHCTPyKUKMjK (20 cm 3a dacaae, 25-35 cm 3a
mehycnpaTHe KOHCTPYKUMjE MCNOA W 13HAA HerpejaHunx
npoctopa, 30-40 cm 3a Koce 1 paBHe KposoBe, 10-15
CM 3a NOAOBE Ha TAy).

YCBOjEHV NPUHLIMNY NPOPaYYHA TEPMOTEXHUUKIIX
cmcTemMa

C 003VpOM Ha TO fla TeXHWYKa AOKYMEeHTauuja 13
00651acT TEPMOTEXHUYKMX MHCTanauvja 3a MpojeKkTo-
BaHO CTatbe Huje 6una AOCTynHa, Ha OCHOBY rofvHe

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 c¢m 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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v3rpagme, BenvunHe Wkone/sptnha v nokaumje 3rpage

je n3BpLUeHa NpoLeHa Koju je CUCTeM rpejarba HajBepo-

BaTHVje OVO MPUMEHEH 1 WTa je OCHOBHO FOPWUBO UM

KombuHaumja ropmea. MNpunvkom ogpehnearba cuctema

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

paHe TWMcKe 3rpafe Mo kateropujama, kopuwhern cy
cnepehu Kputepujymu:

+ [NocTojehun TN cuctema 3a rpejakbe 1 kopuwheHn
eHepreHT oapeheHn cy Ha OCHOBY aHKeTe 1 obunac-
Ka objekTa.

+  3a YHanpebeme 1, koje obyxsaTa pafjoBe marber
obuma Ha rpabeBMHCKOM OMOTauy 3rpafe wWTo
CMatbyje MoTpebHy eHeprujy 3a rpejarbe, 3apKaH
je noctojehn cucTem 3a rpejarbe, oCUM Yy Crydaje-
BMMa Kafa Ce Ca 3arpeBarba JIOKaHUM 3arpeBHIM
ypehajuma (nehrma) NpeLuno Ha LieHTpasnHo rpejate
VMW Ce C TeYHOT ropuBa NPELLOo Ha bromacy.

« YYHanpebemy 2,y CBVM 3rpajiama NpeLLsio ce Ha Ko-
puwhetbe Briomace (NeneT y 3rpagama marbe nosp-
LWKHe, a APBHa ceyka y BeNmm 3rpagama) oCmm ako cy
00jeKkTV noumpaHu y rpafckoj cpegntn v seh npu-
K/byYEHM Ha CUCTEM [a/bMHCKOr rpejarba ca Tonna-
HOM KOja Kao OCHOBHO rOpWBO KOPWCTX MPUPOL-
HW rac Kao eKoMOWKM HajnpuxBaTbMBMje OCUIHO
roOpuBO.

« Y YHanpehemwy 3, Koje npeasuha obrmHe WHTep-
BeHUMje Ha OMOTady 3rpafe, rpejarbe npoctopa v
npunpema CTB ocTBapyje ce NprMEHOM TOMIOT-
HUX MYMNK Basfyx/Boja. Y WKoMama ce Kao [OomMyH-
CKM eHepreHT 3a 3arpesarbe CTB KopncTtu enektpuy-
Ha eHepruja, a y 3rpaflama NPeaLLKONCKKX YCTaHOBa,
KOje paje 1 TOKOM neTa, KopucTu ce eHeprija CyHua
noMony NpujemMHMKa CyHUeBe eHepruje .

MoK NpepadyHaBarky NOTpebHe eHepruje 3a rpejarbe
n npunpemy CTB y ncnopydery (GrHanHy) eHeprujy cy
KopuiiheHe NpoceyHe BpeaHOCTH CTeneHa KOPUCHOCTY
KOTNa, LEBHE Mpexe 1 perynauuje 3a yCBOjeHN CUCTEM
rpejarba, CTapocT ypehaja 1 KopuiheHn eHepreHT.
DakTopy KOHBep3wje dWHanNHe Yy NPUMapHY eHeprujy,
Kao 1 daKTopW emmncumje yribeH-anmoKcuaa, YrnasHomM cy
npey3eTn 13 lNpaBUnHKKa O eHepreTcKkoj edprKkacHOCTH
3rpafa y3 cneaehe kopekuyje:

-+ 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=1.33kgCO_/kWh),although according
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« (DakTop TpaHchopMaLmje MpUMapHe eHepruje y du-
HasHy 3a CMCTeM AalbUHCKOT 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 KOPWCTM TeUHO
ropuBO.

- OQakTop emucuje yribeH-aMoKcuaa npu  Npoms-
BOAHM eneKTpuuHe eHepruje y Cpbuju ycBojeH je
npema Beh nomexyTom lMpaBunHmky (F = 2,5 * 0,53
= 1,33 kg CO /kWh), maaa rberosa BpefHOCT npema
3BaHMYHUM Nodaumma Enektponpuspene Cpbuje He
npenasu 1,1 kg CO/kWh enektpuyre eHepruje (He-
3HATHO Ce MeHxa W3 FToAVIHe Y rofNHY, YrIaBHOM 3aBM-
CHO Of1 XMAPOMOWKNX MPUMIKA).

YcBOjeHe BpefHOCTV dakTopa npepavyHaBara ¢u-
HaslHe y NPUMapHy eHeprujy, Kao 1 emmncuje yribeH-amn-
oKCMaa 13 NojeArHNX ropurea NpurKasaHe cy y Tabenm 15.

Tabena 15. DakTopW NpepadyHaBarba y NprYMapHy eHeprijy
1 KoeDULIMJEHTV eMUCHje YTTbeH-AMOoKC KA 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]

MpupogHu rac 1”1 020

Natural gas

TeuHo ropnso

Liquid fuel 1.2 028

Yram

Coal 13 032

[psHa 61omaca

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 ekcTpanonauumje 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 Teputopnju Cpbuje, kopuwheHa je cnegeha meToaa:
3a opabpaHe peanHe penpeseHTe MOAENCKe 3rpaje yc-
BOjeH je nocTojehu c1cTem rpejarba Koju He Mopa fia je
penpeseHTaTVBaH 3a Ty kaTeropwjy 3rpaga. 36or Tora,
eKkcTpanonaumja TUNCKOr Mofena Ha LenokynaH 6poj
wKkona/BpTuha Te Kateropuje Huje M3BpLIEHa Ha OCHOBY
NoTpOLWHe eHepruje TUNCKOr Moaena, Beh je noTpoLtba
eHepruje (GUHanNHe 1 NpUMapHe) Kao v eMmncuja yrieH-
AVIOKCWAa 13padyHaTa 3a Tpu Hajuewhe kopuwheHa cuc-
Tema rpejarba 1 eHepreHTa, a Ha OCHOBY NMOTPebHe eHep-
rvje 3a rpejarbe TUMCKOr MOLENa y 3aTeHeHOM CTarby.
3aTvm je oppeheHa cpearba NOTPOLHba eHeprvje MoH-
[epucarbeM M3padyHaTMx MNOTPOWHbK eHepruje npe-
Ma y4yecTanocTi nojaB/bMBarba KOMOWHaLje — cuctem
rpejarba v eHepreHT (Ha OCHOBY CMPOBEAEHE aHKeTe) U
Ta ocpefrbeHa BPeAHOCT MO jeAVNHMLM NOBPLNHE THM-
CKOI MOAeNa MOMHOXeHa je Ca YKYNMHOM HETO MOBPLUK-
HOM CBVIX WKoNa/BpTWha 13 Te kaTeropuje y Cpouju.

YCBOJEeHN MPUHUMOW NPOpayvyHa eNeKTPOeHEepreTCKimx

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

cacTemMa
[MpoLeHa NOTPOLWHbE ENeKTPUYHE eHepruje Yy LKON-

CKMM 1 NPeALKONCKUM yCTaHOBaMa je yTBpheHa Ha oc-

HOBY aHKeTHWX MuTarba, Koja Cy Ce OAHOCWNAa Ha W3-

MepeHy Npey3eTy akTMBHY eNekTPUYHYy eHeprujy Ha

roanwrsem H1MBoy. Ha ocHosy dopmmpaHe 6ase nopa-

Taka O MOTPOLUFbaMa eNeKkTPUUHE eHepruje 3a NojeanHe

objekTe WKona v BpTUha, Kao ¥ nofjataka o HeTo NoBp-

WWHW OBUWX 0bjekaTa, yTBpheH je oncer cneundunyHe ro-

OVLLFbE NMOTPOLWME eNeKTPUYHE eHeprije No jefnHmum

MOBPLUMHE WKOMACKUX 1 NPeALIKONCKMX objeKTaTa.
MpoueHa ydewha cucTemMa OCBET/bEHA Y YKYMHO]

NOTPOLWMK eNeKTPUYUHE eHepruje LWKONCKMUX W NpeL-

KONCKMX objeKaTa je 13BpLIeHa Ha OCHOBY:

« yTBpheHe CTpykType nocTtojeher cuctema ocBe-
Tbeha y WKonama 1 BpTuhnma, Koja je qobujeHa Ha
OCHOBY OArosapajyner aHkeTHOr NiTarba.

+  yTBPhHEHOr NpoceyHor JHEBHOT BpeMeHa paja ocBe-
T/beha Y LKONaMa v BPTUNIMMA, Koje je fobunjeHo Ha
OCHOBY OArosapajyher aHkeTHOr NuTarba.

+  MpeTnocTaB/beHOr 6poja PagHUX JaHa Yy LWKonama 1
BpTvhnMa. bpoj pagHvx AaHa je yTBpheH Ha OCHo-
By nocTojehurx KaneHfjapa HacTaBe y OCHOBHUM K
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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 v oH n3Hock 180 aaHa
y ToAvHW. bpoj pagHKx faHa y BpTvhnmMa je yCBOjeH
1 n3Hocm 250.

+  NpeTnocTassbeHor noctojeher H1BOa OCBETILEHOCTM
MO jeauHMUM HeTO NOBPLUMHe objekaTa WwKona v Bp-
TvNa, Koju je ycBojeH Aa n3Hocu 150 Ix. OBaj HMBO OC-
BET/bEHOCTH je YCBOjeH Ha OCHOBY TUMWUYHE CTPYKTY-
pe npocTopuja y WwKkonama 1 Bptuhrima 1 yTepheHor
HMBOA CneundUyHe roguLLbe NOTPOLLHE eNeKTPUY-
He eHepruje y 0BUM 0bjeKTIMa.

Y umby yHanpeherba eHepreTcke epUKacHOCTM
noctojeher cnucTema OCBET/bEHQ, M3BPLIEHA je feTarbHa
aHanv3a v NpefnoxeHe TPU Mepe yHanpeherba:

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

+  YHanpebemwe 2 — obyxsaTa LeHTpanHy KOHTPOMy
YKIbYUYEHOCTM OCBET/bEHA Y MPOCTOPUjama. peano-
XEHOM MEPOM Ce YBOAW CUCTeM ayToMaTm3alimje oc-
BeT/berba Y WKonama v BpTuhnma.

+  YHanpehere 3 - 00yxBaTa flasbe Nobosbllake cucTe-
Ma ayTomaTun3alumje OCBeT/beHa KPO3 feTeKLMjy npu-
CyCTBa Sbyan Y NpocTopujama 1 nofelaBarbe H1MBOA
BelTauKor OCBeT/berba Y 3aBMCHOCTI 0f 1003 AaHa.

YwTepa y NOTPOWHM enekTpuuHe eHepruje, Kopg
yHanpehersa 1, yTBpheHa je jeAHOCTaBHUM NPOpPaYyHOM
pa3nuka y NoTpolWrK noctojeher cucTemMa OCBET/bEHA
M CUcTeMa OCBeT/berba YKOMMKO OW ce KoMMneTaH cuc-
Tem pacseTe 3ameHKno LED m3sopuma. LieHTpan3osaHo
NCKIbyuVBarbe OCBET/bEHba Y MOjeVHMM yUYMOHMLaMa
1 xofoHWUMMa omoryhaea foAaTHY ywTefy, Koja je npo-
uerbeHa aa n3Hocu 10% y NpoceyHoj KON, OAHOCHO
BpTvhy. [larsbe nobosbliake CucTema aytomaTm3auuje
OCBeT/bEHA, KPO3 AeTeKUnjy NpuCyCcTBa Jbyan y Npoc-
TopuWjama 1 ayToMaTCKO MofellaBatbe OCBET/bEHA Y 3a-
BUCHOCTM 0ff Aoba AaHa, omoryhaea foAaTHy ywTeny Yy
CMarberby MOTPOLLHE enekTpuyHe eHepruje of 5%.

Mopen NpopavyHaTVx BPeAHOCTU yliTeaa duHanHe
enekTpUUYHe eHepruje Koja je HeonmxoAHa 3a paf ocBe-
T/berba, M3BPLIEH je NMpOopaydyH yliTeaa NpyYMapHe eHep-
rvje, Kao 1 CMakberba emmcuje yribeH-AnoKCHMAa 3a CBa-
KO MpeanoxeHo yHanpeherbe. EnekTpnyHa 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 fobuja 13 TepmoenekTpaHa Ha yrab (OKo
70%) v xvppoenekTpaHa (oko 30%). Kako je npor3eoArba
eNeKTPUYHE eHeprnje 13 XuapoenekTpaHa yCioB/beHa
rOAVWHKUM MOTEHUM]ANIOM BOAOTOKA PeKa M He MOoxe
61TV [yropouHO akymynnpaHa, CBako CMatrberbe MoTpo-
WHbe eneKTpUYHe eHepruje AnpeKkTHo he ce npecnnka-
TV Ha CMarberbe NMPOU3BOAME 13 TepmoenekTpaHa. [a-
Kne, CBaka ywTeaa y NoTPOLW K eNeKTpUYHe eHepruje je
OMPEKTHO BE3aHa 3a CMatberbe MPOV3BOLHE eNeKTPNY-
He eHepruje y TepmoenekTpaHama, TO JecT ywTtegy y not-
POWK Yrba 1 raca. CMarberbe MOTPOLMbe enekTpuy-
He eHepruje 3a ocBeT/bere OUTHO yTUYE U Ha CMatberbe
rybutaka y npeHoCHoj 1 AUCTpubYyTMBHOj Mpexi (Tpu-
dyHosuMh, Mukynosuh, Bypuwwh, Hypuh, Koctnh, 2009;
TpudyHosrh, Mukynosuh, bypuwwh, Koctuh, 2011).
YBakaBajyhn oBaj edekar, y CnpoBefeHVM aHanv3ama
YCBOJEHO je Aa cMatberbe MOoTpoLube drHanHe eHepriuje
33 OCBET/bEHE YTUYE Ha CMakberbe rybutaka y mpeHocy 1
ANCTPMbYUmju y BpeaHocTv of 10% npey3eTe eHepruje.
YcBajarbeM HasefleHor edekTa v TUnMYyHe epuKacHOCTU
KOHBep3vje eHepruje y TepmoeneTpaHama, 3akibyyeHo
je ;a je ywteaa npvmapHe eHepruje 3,3 nyTa Beha of
ywTrefe GUHanHe enekTpnyHe eHeprje 3a OCBeTberbe.
Ha ocHoBy aobujeHe npumapHe eHepruje moryhe je an-
PEKTHO OAPeaNTA 1 yWTedy Y eMUCUU YITbeH-ANOKCMAa
v oHa nsHocw oko 1,1 kgCO /kWh duHanHe enexktpuyHe
eHepryje.

Pagn KopeKkTHOr carnedaBarba yHanpeherba eHep-
reTcke edrkacHOCTV NMOTPEOHO je 3afpXaTu HYBO OC-
BET/beHOCTV Kao NapameTap KOju je UCTW Mpe ¥ HaKoH
mepa yHanpeherba. YCBOjeHa padyHCKa BPeAHOCT npo-
CEYHOr HMBOa OCBET/bEHOCTV MOBPLIMHA WKONCKMX U
npeaLwKonckmx objekata of 150 Ix je penaTrBHO HUCKa U
YCNOB/bEHA je UMHeHMLIOM Aa BENVKM BpOj WKona 1 Bp-
Tha y CpOWjU MMa 3HATHO HIKY MOTPOLWHY eNeKTPUYHE
eHeprvje No jeAVHVLM NOBPLUMHE Of NPOCEUHNX BPEeA-
HOCTW LWKona 1 BpTvha ca A06PO NPOjeKTOBaHMM CCTe-
MOM BeLUTayKor OCBeT/berba. Bpno je BUTHO HamomeHyTH
Ja yHanpehere eHepreTcke eprKacHOCTM OCBET/bEHA
noapasymesa, y Hajgehem 6pojy Lkona, MHCTanaumjy Ho-
BVX CBETWIBKY, LUTO je NPWAKKa a Ce yHanpeau Keanutet
OCBETbEHA W NPUNAroan CTaHAapavma 3a nNpocTopuje
ofpeheHe HameHe y oBMM 0bjeKTMa. ViMajyhn To y Buay,
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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¢, Kosti¢,
2009; Trifunovi¢, Mikulovi¢, Burisi¢, Kosti¢, 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 ofpeheHe WKoncke 0bjekTe, ca cnabom
BelTaukom ocBeT/beHowWwhy, edekaT yHanpeherba eHep-
reTcke epuKacHOCTW Y anconyTHOM cmuciy Hehe gaTtu
OYeKVBAHO CMatbetbe NOTPOLLHE eNleKTpUYHe eHepruje,
anu he 06e36eanT 60/bIM KBANNTET OCBET/bEHA.

lNpema ctangapay EN 12464 - 113 2011. roanHe, Koju
BaXM 3a YHyTPaWHE OCBeT/berbe, fedUHMCAHO je oKo 30
Pa3NMYUTUX 30Ha OCBET/bEHA. HMBO W PaBHOMEPHOCT
OCBET/LEHOCTM 33 OCHOBHE TWUMOBE MPOCTOpWja Y WKO-
nama cy aeduHmncanu y Tabenun 16.Y Tabenu 17 apeduHn-
CaHW Cy 3aXTEBAHW HUBOW OCBET/bEHOCTY U PaBHOMEP-
HOCT OCBET/bEHOCTM 338 OCHOBHe TWMoBe NpocTopuja y
NpeaLWKONCKMM 0bjeKTnMa.

Tabena 16. 3axTeBaHe BPeAHOCTM HBOA M PABHOMEPHOCTN

OCBET/bEHOCTI 33 OCHOBHE NPOCTOPUjE Y LUKOSICKMM
objekTmMa

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/BEHOCTU
Minimum llluminance
illuminance level uniformity
[Ix]

YunoHuue 300 06

Classrooms

YynmoHuLe 3a BeYeprby HacTasy 1 0bpa3oBarbe OApacimnx

) A 500 06

Classrooms for evening classes and adult education

YUrOHMLe 3a IMKOBHY HacTaBy 500 06

Art rooms

J'Ia6opaTo.pv1Je 1 panvoHme 500 06

Laboratories and practical rooms

B.VI6J'H/IOTeKa 500 06

Library

yHI/IOHVMLle 32 TeXHUUKO LpTarbe 750 06

Technical drawing rooms

yuMQHMue 32 My31UKO BacrmTatbe 300 06

Music practice rooms

PauyHapcke yunonue 300 06

Computer practice rooms

36opHuLe 300 06

Teachers rooms

CnoprTcke cane 300 06

Sports halls

Ynasw y WKony, KaHT1He, nonuue y brbnmoteum 200 04

Entrance halls, canteens, library bookshelves !

XoaHuLmn

Corridors 100 04

CTeﬁeHMUJTa 150 04

Stairs
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Tabena 17. 3axTeBaHe BPeAHOCTU HUBOA 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/bEHOCTN
Minimum llluminance
illuminance level uniformity
[Ix]
Cobe 3a vrparbe 300 04
Playrooms
Jacnuue 300 04
Nurseries
[euje pagroruue
Handicraft rooms 300 06
XooHuum
Corridors 100 04
CTgneHmmTa 150 04
Stairs

Y npocTopujaMa WKOACKMX 1 MPEeALKOoNCKnx objekata
M3BOPU CBETNOCTM MOPajy MMaTW MHAEKC penpoayKumnje
60ja Behu of 80.

Mpn npojekToBarby U M3BODEHY OCBET/bEHA MO-
TpebHO je BOAUTH padyHa O HaMeHM WKOJCKOT MPOCTO-
pa (yyvoHuue, nabopatopuje, KabuHeTH, GUCKyNTypHe
cane,.) My CKNafly ca 3axTeBaHUM KpaKTepuCTUKama 3a
ofpeheHV B1A aenatHoOCTV ofabpaty onTMManaH pacro-
pefl CBETU/BbKMN 1 FoUXOBE TEXHWUUKE KapaKTEPUCTHIKE.

C 0631pom Ha To fia NpeanoxeHe Mepe yHanpehera
nofpa3symeBajy 3ameHy nocTojehnx 13Bopa CBETNOCTU
LED n3BopuMa noTpebHo je, Nopes HaBedeHWUX Kapak-
TEPUCTVKA KBanWTeTa OCBET/berba, BOAUTM padyHa W
O CMEeKTpanHWM KapakTepucTMKama enekTpomarHet-
CKOT 3payerba OBMX M3BOPa. 3aTo, Npw 13bopy LED oc-
BeT/berba 3a WKOMNCKe M NpeaLKOCKe YCTaHOBE Heom-
XOAHO je KOHCYNTOBATU CTPYUHbake 33 OCBET/bEHE, Kako
6v cnekTpanHe KapaktepucTtuke opabpaHor LED ocse-
T/behba OUne NprxBaT/bMBE 33 NPOCTOPUjE Y KojUMa 60-
paBe flela, y4eHnUM 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 6pojeBw Cy MpuKasaHn y cknagy ca

npaBuIMa CPrCKor jesnka.

General remark:
In all tables numbers are presented according with
serbian language rules.
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5. TNYHE KAPTE 5. FACT SHEETS:
TUNONOWKWUX NMPEACTABHUKA TYPE REPRESENTATIVES
LUKOJICKMX 3rPAJA FOR SCHOOL BUILDINGS
Twun wkone
School type A1
A1l
3acTyn/beHoCT Thna bpoj 3rpapa 59| 1532%
Frequency of building type Number of buildings
MospwnHa [m?] 98.340 2,08 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MNocTojehe 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

Tun wkone
School type

A2a
A2a

3acTyn/beHoCT Tina bpoj 3rpaga 165 4,24 %
Frequency of building type Number of buildings
MospwuHa [M? 93.555 1,98 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe crarbe 2336162 238%
[MWh/roaniwkse] Current condition
Energy needed for heating
[MWh/an.] YHanpeherbe 1 1454219
Improvement 1
YHanpeherse 2 9.269,43
Improvement 2
YHanpeherse 3 7.869,17
Improvement 3
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Tun wkone
School type ﬁzg
3acTynsbeHoCT Tna bpoj 3rpaga 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 ] YHanpebherse 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?]
Erepryja notpebHa 3a rpejatve | MocTojehe cTarbe 44573,56| 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
YHanpebetve 3 12.759,46

Improvement 3
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Tun wkone
School type ﬁ3g
3acTyn/beHocT Tina 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 %
[MWh/roanwrse] Current condition
Energy needed for heating
[MWh/an ] YHanpehetse 1 57.819,63
Improvement 1
YHanpeherse 2 31.781,34
Improvement 2
YHanpehere 3 23.018,40

Improvement 3

Twun wkone
School type 31
3acTyn/beHoCT Tina bpoj 3rpaga 664 | 17,07 %
Frequency of building type Number of buildings
MospwnHa [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
YHanpeherse 2 7.036.94
Improvement 2
YHanpeherse 3 4.396,90
Improvement 3
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Tun wkone
School type Ez
3acTynsbeHoCT Tna Bpoj 3rpaga 4491 1154%
Frequency of building type Number of buildings
MospwwHa [M?] 390.630 8,25 %
Living space [m?]
EHepruja notpebHa 3a rpejarse | MNocTojehe cTarbe 7489549 7,61 %
[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
Tun wkone
School type 53
3acTynsbeHoCT Tna bpoj 3rpapa 538| 1383%
Frequency of building type Number of buildings
MospwwHa [M?] 1295504 27,36 %
Living space [m?]
Erepryja notpebHa 3a rpejatve | 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
YHanpeherse 3 56,341.47

Improvement 3
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Tun wkone
School type E“
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 rpejarbe | MNocTojehe cTarbe 20472,57)  2,08%
[MWh/roanwrse] Current condition
Energy needed for heating
[MWh/an] Yranpebetbe 1 11.89,62
Improvement 1
YHanpeherbe 2 7.771,67,
Improvement 2
YHanpehetbe 3 5.168,67
Improvement 3
Twun wkone
School type El'z
3acTyn/beHoCT Tina bpoj 3rpaga 274 7,04 %
Frequency of building type Number of buildings
MospwnHa [M?] 352912 745 %
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | MocTojehe crarbe 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
YHanpeherse 3 21.517,04
Improvement 3
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Improvement 3

Tun wkone
School type L|'3a
C3a
3acTynsbeHoCT Tna bpoj 3rpapa 219 563 %
Frequency of building type Number of buildings
MospuwwHa [M?] 4555201  9,62%
Living space [m?]
EHepruja notpebHa 3a rpejarse | MNocTtojehe cTarbe 8741884 889%
[MWh/roguwibe] Current condition
Energy needed for heating
[MWh/an ] YHanpebhetre 1 59.021,73
Improvement 1
YHanpehetse 2 35.134,26
Improvement 2
YHanpehetse 3 22.980,98
Improvement 3
Tun wkone
School type 232
3acTynsbeHoCT Tna bpoj 3rpapa 194 4,99 %
Frequency of building type Number of buildings
MospwwHa [M?] 831.872| 17,57 %
Living space [m?]
Erepryja notpebHa 3a rpejatve | MocTojehe cTarbe 192.270,56| 19,55 %
[MWh/roanwtbse] Current condition
Energy needed for heating
= 3 (MwWh/an.] YHanpeherse 1 108.800,54
Ean I BPEERBRTE Improvement 1
FEe
v YHanpehetse 2 54.404,43
Improvement 2
YHanpeherse 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 | MNocTtojehe 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 6. FACT SHEETS:
TUNOJTOWKKUX MPEACTABHUKA TYPE REPRESENTATIVES
3rPAJA MPEALWKOJICKNX YCTAHOBA FOR KINDERGARTEN BUILDINGS

Tvin NpefWKoncke ycTaHoBe A‘I
Kindergarden building type A

3acTynsbeHoCT Tna Bpoj 3rpaga 236 9,11 %
Frequency of building type Number of buildings

MoepwwHa [M?] 38.704 1,47 %
Living space [m?]

Enepruja notpebHa 3a rpejarse | MNocTojehe cTarbe 1044079 2,19%
[MWh/roanwibe] Current condition
Energy needed for heating
[MWh/an ] YHanpeherse 1 562717
Improvement 1
YHanpehetse 2 4.141,72

Improvement 2

YHanpeherse 3 2.820,36
Improvement 3

Tvin NpefWKonckKe ycTaHoBe A2
Kindergarden building type A

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] YHanpehetse 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
MospwuHa [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.] YHanpeherbe 1 12.509,95
Improvement 1
YHanpeherse 2 6.925,82
Improvement 2
YHanpeherse 3 463949
Improvement 3
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Tvin NpefWKonckKe ycTaHoBe
Kindergarden building type

526
B2b

Improvement 3

3acTynsbeHoCT Tna Bpoj 3rpaga 117 4,52%
Frequency of building type Number of buildings
MospwwHa [M?] 140.400 533 %
Living space [m?]
EHeprumja 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 3rpaga 323 1247 %
Frequency of building type Number of buildings
MospwwHa [M?] 58.140 2,21 %
Living space [m?]
EHeprunja notpebHa 3a rpejarbe | MNocTtojehe cTarbe 16.007,10 3,35%
[MWh/roauwibe] Current condition
= _Lu_u - ‘s Energy needed for heating
=: L o0 U [MWh/an] YHanpeherse 1 10.266,94
T i Improvement 1
— =2 il =
YHanpehetse 2 4.968,64
Improvement 2
YHanpebetve 3 333491
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Tvn 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 14553924
Improvement 1
YHanpehetbe 2 81.662,84
Improvement 2
YHanpehetbe 3 54.154,89

Improvement 3

Tvn NpeaLWKonCKe ycTaHoBe
Kindergarden building type

Li3
3

3acTyrn/beHoCT T1na Bpoj 3rpapa 309 11,93%
Frequency of building type Number of buildings
MospwnHa [m? 684435 |  25,99%
Living space [m?]
EHepruja noTpebHa 3a rpejarbe | 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

79



80

3rpa/qe LUKONCKMX U NPefLIKONCKMX YCTaHOBA — METOLOTOWKM OKBUP (bopMmpaH;a TI/II'IOJ'IOI'I/Ije 1 nobosbluarba eHepreTcke ed)VIKaCHOCTVI

Tvin NpefWKonckKe ycTaHoBe
Kindergarden building type

h2
D2

3acTynsbeHoCT Tna bpoj 3rpana 187 7,22%
Frequency of building type Number of buildings
MospwuHa [m?] 187.000 7,10 %
Living space [m?]
EHeprumja 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 Tna bpoj 3rpana 110 4,25 %
Frequency of building type Number of buildings
MospwuHa [m?] 253.000 9,61 %
Living space [m?]
Erepryja notpebHa 3a rpejatve | MocTojehe cTarbe 13.26732|  2,78%
[MWh/roanwtbse] Current condition
Energy needed for heating
[MWh/an] YHanpehetbe 1 -
Improvement 1
YHanpehetse 2 -
Improvement 2
YHanpehetse 3 11.088,99

Improvement 3
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7.3TPAJE WWKONA VN MPEALKONCKNX YCTAHOBA:
MOTYRHOCTU NOBOJbLIAHA EHEPTETCKIX
MEPOOPMAHCHU N CMAHEHA EMUCUIE
YITbEH-ANOKCUAA

EHepreTcke KapakTepucTuke 3rpage ce y Cpbuju op-
pehyjy y cknagy ca [1paBunHMKOM O eHepreTckoj edu-
KacHocTv 3rpafa. OH, TpeHyTHO, AeduHMLLIE KaTeropuje
3rpazja WCK/byUuMBO Ha OCHOBY MoTpebHe eHepruje 3a
rpejare, JOK Ce OCTanu BUAOBW EHeprvije He YKibyuyjy
y yKynaH obpauyH®. NoTpebHe eHepruje 3a npunpemy
CaHWTapHe Tonne BOofie U OCBET/bErbE Ce PadyHajy camo
Ha OCHOBY TabenapHO [aTuX BPeAHOCTW Mpema HeTo
NOBPLIMHW 3rpafe. Y CKNafy Ca OBUM 3aKOHCKMM OKBWI-
pvma, ypaheHun cy 1 npopadyHn NoTpebHe eHepruje 3a
rpejare 3a ofabpaHe KapakTepuUCTUYHe NPeACTaBHUKe
3rpaga wkona 1 Bptmha®'. Y npopauyyHy npumapHe exep-
rvje n emmcuje yribeH-AMoKCMAa YKibyueHe cy v notped-
He eHepruje 3a NpUNpemy CaHUTapHe Tore BOfe, Kao v
eHepruja 3a OCBET/bEHE.

MpopauyHw cy ypaheHn Kpo3 feduHvcarbe:
+  KapaKTepwcTMKa TepMUYKOr OMOTaua
+ TePMOTEXHUUKMX CUCTEMA U
+  €eNeKTPOeHepreTCKUX CUCTema,
1 170 3a noctojehe CTarbe 1 TpU HKBOA yHanpehetba.

Mpwv NpopauyH1Ma Cy kopulheHe KapakTepucTuke
ofabpaHVx penpeseHata MOAENCKMX 3rpaja AeduHwmca-
HUX KnacTep aHanm3om. 3a npopadyHe notpebHe eHep-
rvje, Kao v 3a eMucujy yribeH-anokcuaa Ha Hueoy Cpbuje,
KopuwheHe cy NoBpLIMHE 1 6POj 3rpaja 13 KnacTep aHa-
nu3e. Ha oBaj HauMH JobujeHe BpeaHOCT! MOy Ce CMa-
TPaTW penpe3eHTaTVBHIM 3a Liefy 3eMsby, a Y CKNagy ca
KBaNMTeTOM AOOMjEHNX YNa3HKX NoAaTaka.

Y Tabenun 18 pate cy obpadyHate eHepruje: noTpeod-
Ha, MCMopyYeHa 1 NPYIMapHa, Kao 1 em1cnja yribeH-am-
oKcuaa 3a cBe Wkone u BpTnhe Ha Teputopujn Cpbuje
3a noctojehe, OAHOCHO NPOJEKTOBAHO CTakbe, Kao 1 TpU
HMBOA yHanpeherba 3a rpejare 1 NpUNpemy caHuTapHe

0 MpuHUMNK NpopadyHa objallHeHn Cy y nornassby 4.5

®1 KapakTepucTuke TMnoBa, ofabpaHnx npeacTaBHnKa v
NpopayYyHu eHepreTcknx nepdopmaHcy fatn cy y Krsunsm 2 n
Krbnsn 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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octojehe cTarbe 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 BpeiHOCTH 3a eHeprujy 3a ocee-
T/berbe 1 TO 3a MOTPeOHY eHeprijy U NpYMapHy eHeprijy.
Y ncToj Tabenu n3payyHate Cy 1 BPeAHOCTU 3a emUcujy
YITbeH-AnoKcmnaa. MNpopauyHu cy ypahexn 3a noctojehe
CTakbe W TpU pasnmunTa HMBOa yHanpebherba. Tpeba mnc-
Tahv fa BpegHOCTY faTe y Tabenu, Kao KapakTepucTika
TWMNa OCBET/bErbA KOje Ce KOPUCTY, HE 3aBUCe Of apxi-
TEKTOHCKMX KapaKTepUCTMKa 3rpaje M KapakTepuUcTrka
FbEHOI TePMMYKOT OMOTaya, Beh camo npaTte npuHumMne
00OHOBE Of] jeAHOCTaBHWjVX TEXHOMOLKYIX pelletba Ka ca-
BPEMEHW]VM 1 eHepreTcKu eprKacHUjUM.

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
emVcHja YIibeH-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
Yrnanpeberbe 1 7.368.104 2109 69,59 22,873
Improvement 1
YHanpeherbe 2 7.368.104 20,56 67,34 22326
Improvement 2
YHanpeherbe 3 7.368.104 19,56 64,53 21,162
Improvement 3

7.1 MoTpebHa eHepruja

Cabuparbem BpegHocTv 13 Tabena 18 m 19 3a no-
TpebHy eHeprujy 3a rpejakbe, NpUNPemMy CaHuTapHe To-
nne Bofde W OCBeT/behe fobuja ce ykynHo noTpebHa
eHepruja 3a CBe LUKOMCKe 3rpafe W 3rpade Npeawko-
CKux ycTaHoBa y Cpbujn. ObpadyHu Cy Aatv 3a noctojehe
CTarbe Kao U 3a CBa TP HMBOA yHanpeherba paHuje Ae-
buHncaHa. (Tabena 20)

YKOMMKO Ce M3BPLWK ynopehrBarbe NpopadyHaTux u
peanHvx BpegHoCTV (3a 0bjeKTe KOA Kojux mocToje [oc-
TYNHW NOfauK) youasajy ce NpUMeTHa Hecnararba Bpea-
HocT. OCHOBHW Pasfor 3a OBakBe pesynTaTe je noce-
AMLa NprimerseHe METOAONOMMje NpopadyHa. Kao Wro je
HarnaweHo, CBM NpPopayyHu Cy n3BpLieHn npema [pa-
BUMHWKY O eHepreTckoj ePUKacHOCTM 3rpada, Koju nog-
pa3symeBa [a Ce 3arpeBa LieloKynHa NoBpLUVHa 3rpage
n 10 6e3 npekmnaa 3arpesarba (HONY, BUKEHAOM, Npas-
HMLMMa, TOKOM 3MMCKOT pacnycTa). Metogonorunja npu-
MerbeHa Y TpaBUNHKKY je pasBujeHa Kako bu ce morne
nopeanTV 3rpaae 6e3 yTulaja HaumHa v Ay>KMHe TPajatba
rpejarba Kao jefiHe Of KapakTepWUCTWKa MNOHallarba
KOpWCHMKa. Takohe, npopayyH MOjeAHOCTaB/LEHOM,

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 METOLIOM, KOjy AebUHMLIE NPaBUI-
HUK, He Mpeno3sHaje pasnuuuTe TepMuUKe 30He Aedu-
HMCaHe NPONMCaHMM TemnepaTypamMa y 3aBUCHOCTU Off
HameHe MPOCTOpWja, TaKO Aa Ce XOAHWLM, CTENeHNLTa
VI YUVOHULIE TPETUPA] WCTOM YHYTPaLlHOM MPOJEKTHOM
TemnepaTypom. CoxeHuje MEeToAe NpopadyHa 1 CUMy-
nauwje, vako aajy pesyntate npubnvkHmuje 13mepeHnm
BPEAHOCTMMA, 3060T KOMMNEKCHOCTU Huje moryhe Ko-
PUCTUTK 3apag feduHncarba TMnonoruvje. Mictpaxyje ce
onTUMM3aLMja A0BUjeHNX pe3ynTaTa NpPUMeHOM hakTo-
pa KopeKLyje, any oBa MCTPaxyBarba joll Cy Y MOYETHO]
daswn (Kagpuh, Knskosuh et al. 2018; Pajuvh, Pagneoje-
Buh, Enesosuh, 2015).

Tabena 20. YkynHo noTpebHa eHeprija 3a rpejarbe, CTB u
pacseTy 3a cse Wwkone 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¢
etal, 2018; Rajci¢, Radivojevi¢, Elezovi¢, 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 73,68 518 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
YHanpehetbe 3 377,30 73,68 19,56 470,54
Improvement 3

MNopeherbem foOMjeHVX pe3ynTaTa MoXe Ce KOHCTa-
TOBATV fla je KPO3 yHanpeherba 3rpafa WKona 1 npeaLl-
KONCKWMX yCTaHOBa Moryhe oCTBapuUTW BeNUKY ywTeay Y
YKyNHOj noTpebHoj eHepriju. (MadukoHn 5 v 6)

YKynHa noTpebHa eHepruija ce Kpo3 paznmnymte H1UBoe
yHanpeherba Moxe cMarUTH Ha 68% kof yHanpehersa 1,
42% kop yHanpehera 2, Ha camo 30% npBobUTHe 13pa-
yyHaTe NoTpebHe eHepruje 3a Haj3aaxTeBHUjW 1 HajoOUM-
HWj1 B1A yHanpehersa, yHanpeherse 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 v
ocBeT/berbe 3a e WKone n Bptvhe 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 ctare existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

Ha MpadwvikoHy 7 AaTo je NpoLEeHTYanHo CMakbeHbe no-
TpebHe eHepruje 3a rpejarbe 3a noctojehe CTake 1 Tpu
HMBOa yHanpeherba, anu camo y OAHOCY Ha NOTPebHyY
eHeprujy 3a rpejarbe kof noctojeher cTama 3rpaga. Ha
OBO CMakberbe eHeprije yTudy, UCKIbyYnBo, Mepe 0bHO-
Be TEPMMYKOr OMOTaYa 3rpage, na je eBMAeHTHO fa NpBa
[Ba TWMNa apXMTEKTOHCKMX Mepa OMMCaHKX y yHanpeherby
11 2 cmarbyjy NoTpebHy eHeprujy 3a rpejarbe 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 W KPO3 aHanM3y TPOLIKOB-
He OMTUMaNHOCTV NpeaBrheHKx Mepa, Tpeba TPaXKkTL 1
HaunHe 1 obnrke obHOBe 3rpajda WKona 1 BpTUha Koju
he ce NnpuMersMBaTH Y MPaKcu.

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

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

yHanpehere 3 improvement 3

VIHTepeCcaHTHO je aHanM3MpaTi 1 Kako Ce Merbajy,
ca yHanpehernma, 1 MehycobHM ofgHOCK MOTPeBHMX

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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eHepryje. Ha MpadukoHrma 8, 9 1 10 NpwrkazaHu Cy noje-
AMHAYHO MPOLEHTYaNHN OHOCK MOTPEebHUX eHepruja
3a rpejarbe, CaHUTapHy TOomly BOAY W OCBET/bEHE Y Of-
HOCY Ha YKynHy noTpebHy eHeprujy 3a oBe HamMeHe 3a
noctojehe CTarbe 1 TpW HMBOA yHanpehersa.

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

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

yHanpeherbe 3 improvement 3

Kako Hajsehu feo yKymnHe notpebHe eHepruje YnHm
ynpaBo noTpebHa eHepruja 3a rpejarbe, OHa ¥ KPo3 CBa
yHanpeherba OCTaje AOMMHAHTHU €0 YKymnHe noTpeo-
He eHepruje. Mnak, rbeH yaeo ca nobosbliarbem Tepmmy-
KMX KapaKTepucTnKa 1 nobosbluarbem cMcTema rpejatba
onada ca 92%, koa noctojeher cTarba 3rpada, Ha 80%
3a Tpehu 1 HajobUMHNjU HKBO pexabunuTaumnje 3rpaaa
LIKOa ¥ fieumjux yCTaHoBa.

MoTpebHa eHepruja 3a rpejakbe CaHWTapHe Tomnne
BOfle je MO CBOjOj BpeAHOCTU KOHCTaHTHa, byayhu aa 3a-
BMCW CaMO Off MOBPLWWHE 3rpaje; NpopauyH je ypaheH
y Cknapy ca Bakehom perynatvsom. MehyTum, y pena-
TVBHOM MPOLEHTYanHOM OfHOCY ydelhe noTpebHe
eHepruvje 3a NpuUnpemMy CaHUTapHe Tonne Boge, Y YKyn-
HOj NoTpebHOj eHeprujK, pacTe Of HeWTo Marbe of 5%
Kon noctojeher cTaka Ao npeko 15% koa Tpeher H1BOA
yHanpeherba.

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

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 yHanpeF)eHamma HbeHa BPeAHOCT CTa/lHO
onaga. MehyTtum, y penaTmsHOM OAHOCY, MPemMa YKynHoj

noTpebHoj eHeprijv, NPOLEHTYanHe BpenHOCTU 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 [%]

4,71
6,89
11,29
15,66

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 nocnefmer,
r€ je apXMTEKTOHCKMM MepamMa ApacTUYHO CMakbeHa Mo-
TpebHa eHepruja 3a rpejarse. (MpadukoH 10)

MpadukoH 10. MoTpebHa eHeprija 3a OCBET/bEHE 3a CBE WKOSE
v BpTMhe y Cpbujn y OBHOCY Ha YKyMNHY NOTpebHy eHeprujy (%]

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

Kana je ncnopyueHa, To ject uHanHa eHepruja y nu-
Takby, Moryhe je aHanmaupatn edekte yHanpeherba Ha
UCTU HauunH. Koa obpaydyHa durHanHe eHepruje, Kog ocse-
T/berba, heHe BPeAHOCTM Cy U3jefjHaueHe ca NoTpedHOM
eHeprujom, byayhn Aa ce 3a 0By HameHY KOPUCTUN UCKIbY-
UMBO eneKTPUYHa eHepruja, Tako Aa cy aobujeHe Bpes-
HOCTUW YKyMHe 1CnopydyeHe eHepruje Hactane kao 3omp
MCNopyYeHe eHepruje 3a rpejarbe 1 CaHUTapHy Torty
BOAYy W NoTpebHe 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 | 135743 21,09 137852
Improvement 1
YHanpeherbe 2 784,17 20,56 804,73
Improvement 2
YHanpeherce 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 anu u yHanpeherbe cucTe-
Ma Tpejarba ¥ 0CBeT/berba, Moryhe oCTBapuTy 3HaTHe
ywrege.

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

noctojehe ctarbe existing condition

yHanpeherbe 1 improvement 1

yHanpeherbe 2 improvement 2

yHanpeherbe 3 improvement 3

Ha lpaduvikoHy 12 aatv Cy MpOUeHTYanHW OfHO-
1 YKyMHe nucnopydeHe (GrHanHe) eHepruje 3a Tpy HK-
BOa yHanpehera y OAHOCY Ha M3pauyHaTy YKymnHy mnc-
nopyyeHy eHeprujy 3a 3rpafie y noctojehem cCTarby.
CBa TpM HWBOa MpensuheHux yHampehera yTudy Ha
OUTHO CMakbere MCnopydeHe eHepruje. MpBKYM HUBO-
oM yHanpeheha 1crnopydyeHa eHepruja ce cMarbyje Ha
68%, Apyrim 3a farbux 28% n n3Hocw 40% NpBobUTHE
BpenHocTn. Tpehun HajobumHMjn 06K 0OHOBe 3rpaja,
yHanpeherbe 3, CBOAM WCMOPYYeHy eHeprujy Ha Cse-
ra 9% of Mcnopy4deHe eHepruje koA noctojeher ctaka
3rpasa.

lpadukoH 12. VicnopyueHa (brHanHa) 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 [%]
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'y OBOM Clyuajy MHTepecaHTHO je carneaaty 1 noje-
OMHAYHM  yTUUA) NOjedMHMX CermeHata UCnopydeHe
eHepruje, y oBom cnydajy rpejarba n CTB (MpadukoH 13)
1 ocBeT/berba (MpadmkoH 14) 1 HIUXOB YAEO Y YKYMHOj 1C-
nopyyeHoj eHepruju.

MpadukoH 13. VicnopyueHa (GrHanHa) eHepruja 3a rpejarbe 1
CTB v 3a cee wkone 1 pTrhe y Cpouju y ogHOCY Ha yKynHy
ncnopyueHy (GuHanHy) eHeprujy no yHanpehersrima [%)

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

yHanpehere 3 improvement 3

MpadukoH 14. VicnopydeHa (d1HanHa) eHepruja 3a oceeTberbe
3a cse wkone v BpTuhe y Cpbujn y OAHOCY Ha YKyMHY
ncnopydeHy (drHanHy) eHeprujy no yHanpeherrma [%]

noctojehe crare existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2
yHanpehere 3 improvement 3
Ca lpadwkoHa 13 1 14 moxe ce carnefaTu aa je oa-
HOC MCMopyyeHe eHepruje 3a rpejarba v Npunpemy CaHm-
TapHe Tonne Bofe nNpemMa MCNopyyeHoj eHepruju 3a oc-
BeT/berbe NMPUOBAVKHO KOHCTaHTaH 3a nocTojehe cTarbe
3rpage 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-
F10 onaja, a UICNopyyeHa eHepruja 3a OCBeT/bebe pac-
Te no ogHoca 89:11. OBakBa MpomMeHa OAHOCa MOXe ce
06jacHWTN Kpo3 AeduHNCarbe yHanpeherba 3 Koju 0byx-
BaTa BEOMA 3axTeBHe Mepe 0OHOBE TEPMUYKOT OMOTaua
3rpafe v eduKacHe cucTemMe rpejarba U npunpeme caHu-
TapHe Tonne BoAe, AOK C/IMYaH HUBO Mobosbliarba Kof

oCBeT/berba Huje Moryh.
7.3 lNprmapHa eHepruja
CnnyHe aHanu3e cnpoBefeHe Cy W Kafa je yKyn-

Ha NpUMapHa eHeprvja y nuTary. Ha n3pauyHate Bpef-
HOCTMW, NOPEA apPXUTEKTOHCKMX Mepa OOHOBE 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 LWKONCKUX U NpedlKONCKMX yCTaHOBa — METOAOIOWKN OKBUPD d)opMmpaH;a TI/II'IOJ'IOI'I/Ije 1 nobosbluarba eHepreTcke ed)l/lKaCHOCTV\

nmane NpecyfHy ynory Ha cmarberbe notpebHe eHep-
rvje 3a rpejarbe, yTmuy U MHCTaIMCaHW CMCTEMI TepMO-
TEXHUYKMX MHCTanaumja 1 cuctemn ocBeT/bersa. (Tabena
22, TpadurkoH 15 1 16). TpeHAOoBM 1 OAHOCK KOju CY KOH-
CTaTOBaHW KOA MCMOpyYeHe eHepruje, 3appkanm cy ce
1 KOO NMpuMapHe eHepruje. MNpumeTHo je Aa ce yyelwhe
npuMapHe 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-
sequentimprovement. 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 WKone 1
BpTuhe y Cpbujm [GWh/a]

noctojehe cTare existing condition

yHanpehere 1 improvement 1

yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

lpadvkoH 16. YKynHa NpumapHa eHepritja 3a Cae WKoMe U
BpTrhe y Cpbujn y ogHocy noctojehe cTarbe [%]

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

yHanpeherbe 3 improvement 3

Figure 15. Total primary energy for all schools and
kindergartens in Serbia [GWh/a]
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Figure 16. Total primary energy for all schools and
kindergartens in Serbia, relative to current condition (%)
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YKynHa nprmMapHa eHepruvja ce cMarbyje ca CBakuM
cTeneHoM yHanpehera. Y ogHoCy Ha noyeTHo noctojehe
cTarbe (100%) cmatbyje ce Ha npubnukHo 70% kod np-
BOr yHanpeherba, Ha NpubnmKHO 38% Koa ApYyror v Ha
26% kop Tpeher, HajoOUMHWMjer 1 Haj3axTeBHMjer HUBOA
yHanpehetba.

lpadwikoH 17. MpumapHa eHepruja 3a rpejarbe n CTB 3a ce
wkone v Bptuhe y Cpoujn y OBHOCY Ha YKYMHY MpUMapHy
eHeprujy no yHanpeherma [%]

noctojehe ctame existing condition
yHanpehere 1 improvement 1
yHanpehere 2 improvement 2

yHanpehere 3 improvement 3

lpadukoH 18. MprmapHa eHeprija 3a oCcBeT/berbe 3a CBe
wkone v Bptuhe y Cpoujn y OBHOCY Ha YKYMHY MpUMapHy
eHeprujy no yHanpeherma [%)]

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

yHanpehere 3 improvement 3

YKOANKO Ce aHanm3unpajy nojeanHauHo yyewha npu-
MapHe eHepruje 3a rpejarbe 1 CTB, 0AHOCHO NpuUMapHe
eHepruje 3a OCBET/bEHE Y OAHOCY Ha YKYMHY NpUMapHy
eHeprujy, 3a noctojehe cTake 3rpaja wkona v sptrha n
33 TPW Pa3nnymTa HUBOA yHanpeheha, MOXKe Ce 3aKiby-
unTK Aa MehycobHn oaHOC Bapupa v Kpehe ce y OKBU-
py 4%, ocm kof yHanpehersa 3. Kog oBor, HajobumHumjer
1 Haj3axTeBHWjer, yHanpeheha, rae Cy NpeTnocTaB/beHe
3HayajHe MHTEpPBEHUMje Ha TEPMUYKOM OMOTady W WH-
CTanncarbe ePUKaCHMX TEPMOTEXHUYKNX CUCTEMa, Yaeo
NpVIMapHe eHepruje 3a OCBET/beHE Metbe Ce Ha MPeKo
14%, C 0631POM Ha TO Aa CUCTEM pacBeTe He MOXKe Aia Ofl-
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 aobujeHnx nofaTaka, Kaja je emmncuja yribeH-
AVNOKCUAA Y MUTakby, MoKasyje HewTo gpyravnje pesyi-
TaTe WTO Mnokasyjy Tabena 23, MpadukoHn 19 n 20. Cea
yHanpehetba AOBOAE [O CMarberba emucuje y OAHOCY
Ha NoYyeTHO CTakbe (MpojekToBaHy, OAHOCHO nocTojehy
3rpafy), anv yHanpeherbe 2 v yHanpeherse 3 aajy
nofjefHake BPefHOCTU emucuje YIibeH- AVOKCMAa Ha
rofvWHbEM HMBOY. AKO je eMucHja KoL NMOYETHOT CTakba
100%, eMmcKja ce CMarbyje Ha NpPUbAMKHO 72% Kop np-
BOr yHanpehersa, a Aamba yHanpehersa, apyro 1 Tpehe,
[0BOfe [0 CMarberba Ha oko 40% y OAHOCY Ha MpBO-
O6UTHY emncnjy. Objallirberbe 3a UCTY BPeAHOCT emumcuje
YITbeH- AVOKCKAA KOA APYror yHanpehetba nexw y npo-
MeHU Tvna eHepreHTa®.

AHanv3a nojefVHauyHVX YyTWUaja, C jeAHe CTpaHe
rpejarba 1 Npunpeme CaHWTapHe TOMJe BOAE M OCBe-
T/berba Ca jpyre CTpaHe,y OBOM Cyyajy Huje paheHa, Oy-
Ayhu fa ce y NOTNYHOCTW 3aApkaBajy TeHAeHLMje KOH-
CTaTOBaHe KOA MCMOPYYeHe ¥ 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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52 BUOETN KOHKPETHE MprMepe Ha penpe3eHTMa TUMoBa Yy
Kro13m 2 n Krbnizm 3

%2 See concrete examples for type representatives in Books 2
and 3
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lpadukoH 19. YkynHa emmcmja yribeH-anoKCmaa 3a CBe WKone

n BpTuhe y Cpbujn [t/al

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

yHanpehere 3 improvement 3

MpadukoH 20. EM1cuja yribeH-anoKC1Aaa 3a CBe LKOSe 1
BpTrhe y Cpbuju y omHOCY Ha emmncujy y noctojehem crary

3rpaaa [%]

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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